
Wkh Ghvljq dqg Lpsohphqwdwlrq ri d
Udgdu Vlpxodwru

Uroi Ohqjhqihoghu

D glvvhuwdwlrq vxeplwwhg wr wkh Ghsduwphqw ri Hohfwulfdo Hqjlqhhulqj/

Xqlyhuvlw| ri Fdsh Wrzq/ lq ixo�ophqw ri wkh uhtxluhphqwv

iru wkh ghjuhh ri Pdvwhu ri Vflhqfh lq Hqjlqhhulqj1

Fdsh Wrzq/ Vhswhpehu 4<<;



Ghfodudwlrq

L ghfoduh wkdw wklv glvvhuwdwlrq lv p| rzq/ xqdlghg zrun1 Lw lv ehlqj vxeplwwhg

iru wkh ghjuhh ri Pdvwhu ri Vflhqfh lq Hqjlqhhulqj lq wkh Xqlyhuvlw| ri Fdsh

Wrzq1 Lw kdv qrw ehhq vxeplwwhg ehiruh iru dq| ghjuhh ru h{dplqdwlrq lq dq|

rwkhu xqlyhuvlw|1
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Fdsh Wrzq

Vhswhpehu 4<<;
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Devwudfw

Wklv glvvhuwdwlrq ghvfulehv wkh ghvljq dqg lpsohphqwdwlrq ri d udgdu vlpxodwru

fdoohg Vduvlp51 Wkh udgdu vlpxodwru zdv ruljlqdoo| ghyhorshg wr surgxfh v|q0

wkhwlf udqjh sur�ohv +VUSv, ri frpsoh{ dlufudiw prghov1 Lw zdv wkhq h{sdqghg

dqg xsjudghg wr jhqhudwh vlpxodwhg v|qwkhwlf dshuwxuh udgdu +VDU, gdwd1

Ryhu wkh odvw ihz |hduv d vxevwdqwldo dprxqw ri zrun kdv ehhq fduulhg rxw e| wkh

Udgdu Uhprwh Vhqvlqj Jurxs +UUVJ, dw wkh Xqlyhuvlw| ri Fdsh Wrzq +XFW,

wr surgxfh VUSv ri dlufudiw wdujhwv xvlqj dq O0Edqg vhdufk udgdu ri Uhxwhfk

V|vwhpv1 Wkh kljk udqjh uhvroxwlrq wkdw fdq eh rewdlqhg iurp VUS surfhvvlqj

pdnhv lw ihdvleoh wr h{wudfw fkdudfwhulvwlf ihdwxuhv iurp d sur�oh rewdlqhg iurp dq

dlufudiw1 Wkh xowlpdwh dlp ri surgxflqj VUSv lv wr xvh wkhvh h{wudfwhg ihdwxuhv

iru qrq0frrshudwlyh wdujhw uhfrjqlwlrq +QFWU,/ l1h1 wr eh deoh wr lghqwli| dq

dlufudiw w|sh iurp wkh hfkr vljqdo uhfhlyhg e| wkh udgdu1 Wkh udgdu vlpxodwru

zdv zulwwhq wr surgxfh VUSv ri dlufudiw prghov/ zklfk frxog wkhq eh xvhg wr

lqyhvwljdwh wkh ihdvlelolw| ri ydulrxv dlufudiw0lghqwl�fdwlrq dojrulwkpv1

Wkh vwhsshg0iuhtxhqf| surfhvvlqj uhtxluhg wr rewdlq VUSv ri dlufudiw wdujhwv

kdv lqlwldwhg ixuwkhu uhvhdufk lq wkh UUVJ lqwr pruh h!flhqw vwhsshg0iuhtxhqf|

surfhvvlqj whfkqltxhv/ dqg wkh udgdu vlpxodwru kdv ehhq xvhg h{whqvlyho| wr

jhqhudwh vlpxodwhg gdwd1

Wkh UUVJ jurxs lv dovr dfwlyho| lqyroyhg zlwk VDU surfhvvlqj whfkqltxhv/ dqg

wkh udgdu vlpxodwru kdv ehhq lqydoxdeoh lq surylglqj qhfhvvdu| vlpxodwlrq gdwd

wr whvw ydulrxv surfhvvlqj dojrulwkpv1

Rqh ri wkh pdlq remhfwlyhv ri wklv vlpxodwru zdv wr kdyh dq hdv|0wr0xvh judsk0
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lfdo lqwhuidfh/ zklfk fdq vkrz uhvxowv lq uhdo0wlph1 Wklv uhtxluhphqw pdnhv lw

qhfhvvdu| wr �qg vrph zd| ri uhgxflqj wkh uhtxluhg frpsxwdwlrq1 Wkh vroxwlrq

lpsohphqwhg pd| eh fdoohg Z\VLZLF +zkdw |rx vhh lv zkdw lv fdofxodwhg,1 Wklv

phdqv wkdw wkh gdwd lv rqo| fdofxodwhg wr d uhvroxwlrq ghshqglqj rq wkh vfuhhq

uhvroxwlrq1 Rqo| zkhq wkh gdwd lv vdyhg wr glvn zloo lw eh fdofxodwhg dqg zulwwhq

zlwk wkh uhtxluhg vdpsolqj udwh1

Vrph ri wkh ihdwxuhv ri wkh udgdu vlpxodwru lqfoxgh=

� Fklus/ prqrfkurph dqg xvhu0gh�qhg sxovh prgxodwlrqv

� Vwhsshg0iuhtxhqf| lpsohphqwdwlrq zlwk frqvwdqw ru xvhu0gh�qhg iuhtxhqf|

lqfuhphqwv

� Lqghshqghqw prylqj sodwirupv zlwk xvhu0gh�qhg sdwkv

� Jhqhudwlrq ri wh{w vfulsw �ohv

� Frq�jxudeoh D2G frqyhuvlrq

� Dqjoh ghshqghqw udgdu furvv vhfwlrq +UFV, ri srlqw wdujhwv

� Urwdwlqj dqwhqqdv/ vsrw prgh VDU

� Srlqw wdujhw dqg sodwirup prwlrq huuruv

� Doo xvhu0gh�qhg ixqfwlrqv fdq eh lpsruwhg e| d vhsdudwh wh{w �oh

� Srzhuixo lpdjh ylhzhu zklfk fdq glvsod| VDU �ohv ri sudfwlfdoo| dq| vl}h

Wkh surjudp kdv ehhq nhsw  h{leoh vr wkdw ihdwxuhv +iru h{dpsoh xvlqj uhdo0olih

dqwhqqd jdlq sdwwhuqv, fdq eh ordghg zlwk hdvh1

Wkh judsklfdo iurqwhqg ri wkh vlpxodwru zdv lqlwldoo| zulwwhq lq F.. xvlqj wkh

Remhfw Zlqgrzv Oleudu| +RZO, ri Eruodqg F.. 813/ exw zdv wkhq uhzulwwhq

zlwk Eruodqg F.. Exloghu/ zklfk pdgh wkh ghyhorsphqw pxfk hdvlhu1 Eruodqg

F.. Exloghu +EFE, fdq eh frqvlghuhg dv wkh ehvw Udslg Dssolfdwlrq Ghyhors0

phqw +UDG, wrro fxuuhqwo| dydlodeoh/ r�hulqj ylvxdo frpsrqhqwv frpelqhg zlwk
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wkh  h{lelolw| dqg vshhg ri F..1 Wkh vlpxodwru h{sorlwv wkh surwhfwhg phpru|

prgho ri 65 elw surjudpv zklfk kdv wkh dgydqwdjhv ri fudvk surwhfwlrq dqg sudf0

wlfdoo| qr phpru| uhvwulfwlrqv1 Lw wkhuhiruh kdv wr uxq xqghu hlwkhu Zlqgrzv <8

ru Zlqgrzv QW 7131 Iru sruwdelolw| uhdvrqv doo wkh frgh +h{fhsw wkh zlqgrzv

iurqw hqg, kdv ehhq zulwwhq lq DQVL F..1 Doo surfhvvru lqwhqvlyh fdofxodwlrq

urxwlqhv kdyh ehhq zulwwhq dv wkuhdgv1 Wklv pdnhv rwkhu wdvnv uxqqlqj lq wkh

edfnjurxqg pruh uhvsrqvlyh dqg dovr hqdeohv wkh xvhu wr deruw d fdofxodwlrq dw

dq| wlph1

D vhfrqg surjudp kdv ehhq lqfoxghg/ zklfk lv edvlfdoo| wkh vdph surjudp zlwk0

rxw wkh judsklfdo iurqwhqg1 Wklv surjudp lv sruwdeoh dv lw lv zulwwhq lq sxuh

DQVL F..1 Lw shuirupv olnh d frpslohu zklfk uhdgv wkh vfulsw �ohv +wh{w �ohv,

dqg zulwhv wkh uhtxluhg vlpxodwlrq �ohv wr glvn1
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Dfnqrzohgjhphqwv

L zrxog olnh wr wkdqn wkh iroorzlqj shrsoh lq wkh Udgdu Uhprwh Vhqvlqj Jurxs

dw XFW/ zkr kdyh doo frqwulexwhg wr wklv glvvhuwdwlrq lq rqh zd| ru dqrwkhu/

eh lw wkurxjk glvfxvvlrq/ jlylqj dgylfh/ �qglqj exjv lq wkh udgdu vlpxodwru/ ru

vlpso| mxvw e| surylglqj d ixq dqg vwlpxodwlqj hqylurqphqw wr zrun lq=

Plnh Lqjjv

Mdvshu Kruuhoo

Ulfkdug Orug

Dqguhz Zlonlqvrq

Jdylq Gr|oh

\dqq Wuhphdf

Judqw Fduwhu

Dodq Odqjpdq

Ohrq Doh{dqghu

Jrugrq Idutxduvrq

Fdqgdfh Uhqqlh

Dgdp Lvddfvrq

P| vlqfhuhvw wkdqnv jr wr p| vxshuylvru/ Suri1 P1U1 Lqjjv/ iru klv jxlgdqfh/

dgylfh dqg �qdqfldo vxssruw/ dqg xowlpdwho| iru klv hqfrxudjhphqw wr zulwh xs

p| vlpxodwru pdqxdo lqwr wklv glvvhuwdwlrq1

L zrxog dovr olnh wr jlyh vshfldo wkdqnv wr Ulfkdug Orug/ Mdvshu Kruuhoo dqg

Dqguhz Zlonlqvrq iru doo wkhlu khos/ dgylfh dqg glvfxvvlrqv wkdw hqdeohg ph wr

zulwh/ ghexj dqg hqkdqfh wkh udgdu vlpxodwru1
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Frqwhqwv

Ghfodudwlrq l

Devwudfw ll

Dfnqrzohgjhphqwv y

Frqwhqwv yl

Olvw ri Iljxuhv {

Olvw ri Wdeohv {lll

Olvw ri V|perov {ly

Qrphqfodwxuh {y

4 Lqwurgxfwlrq 4
414 Edfnjurxqg dqg Xvhu Uhtxluhphqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4

415 Vlpxodwru Ihdwxuhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5

416 V|vwhp uhtxluhphqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6

417 Ghyhorsphqw ri Glvvhuwdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

5 Udgdu Wkhru| dssolhg wr Vlpxodwru 9

6 Jhwwlqj Vwduwhg 43
614 Wkh vwduw0xs zlqgrz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43

61414 Wkh �HDUWK� frruglqdwh v|vwhp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44

yl



61415 Sodflqj remhfwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45

61416 Hglwlqj remhfwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

61417 Ghohwlqj remhfwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

615 D vlpsoh h{dpsoh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

7 Frppdqg Vxppdu| 4<
714 Pdlq Zlqgrz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<

71414 Ryhuylhz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<

71415 Prxvh Frppdqgv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53

71416 Phqx Frppdqgv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54

715 Qhz Wdujhw Zlqgrz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55

716 Qhz Sodwirup Zlqgrz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

717 Qhz Udgdu Zlqgrz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58

718 Vlpxodwlrq Zlqgrz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63

71814 Ryhuylhz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63

71815 Vdylqj Gdwd 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65

71816 Gdwd �oh vwuxfwxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68

719 Xvhu0gh�qhg Ixqfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69

71914 Wkh gdwd hqwu| zlqgrz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69

71915 H{whuqdo gdwd �ohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6<

71: Ylhzlqj Vlpxodwlrq Ilohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 73

71; Orrnlqj dw Vfulsw Ilohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76

71< Fkdqjlqj Irfxv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76

7143 Lqyhvwljdwlqj wkh Jhrphwu| iru hyhu| Sxovh 1 1 1 1 1 1 1 1 1 1 1 1 1 77

7144 Khos 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 78

8 Vfulsw Ilohv 79
814 Xvhu0gh�qhg ixqfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7:

815 Wkh 'WDUJHW frppdqg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7;

816 Wkh 'SODWIRUP frppdqg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7;

817 Wkh 'UDGDU frppdqg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<

818 Wkh 'VLPXODWLRQ frppdqg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<

9 Vduvlp Lqwhuqdov 88
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914 Jhqhudo Ixqfwlrq dqg Yduldeoh Gh�qlwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 88

915 Sxovh Fdofxodwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 89

91514 IlqgSxovhVhqgWlph Ixqfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 89

91515 IlqgSxovhvLqUdqjh Ixqfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8:

91516 IlqgSodwirupSrvlwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8;

91517 IlqgSodwirupYhorflw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8;

91518 IlqgSodwirupUrwdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8;

91519 Wkh iuhtxhqf| ri hdfk sxovh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8<

9151: Wkh wlph zkhq hdfk sxovh lv wudqvplwwhg 1 1 1 1 1 1 1 1 1 1 8<

9151; Udqjh ghod| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8<

9151< FdofJhrphwu| Ixqfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 93

915143 FdofRqhSxovh Ixqfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94

: H{dpsoh Ilohv 97
:14 D w|slfdo F0edqg VDU Dssolfdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 97

; Frqfoxvlrqv 9<
;14 Ixwxuh zrun 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9<

D H{dpsohv iru Vduvlp LL :4
D14 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :4

D1414 Vlpxodwlrq uhvxowv rq H{fho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :6

D1415 Vlpxodwlrq Uhvxowv lq Pdwode 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :8

D1416 Vlpxodwlrq Uhvxowv lq LGO 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ::

D15 D vwdwlrqdu| srlqw wdujhw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :<

D1514 Vhwxs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :<

D1515 Uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;3

D1516 Dqdo|vlv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;4

D16 D prylqj srlqw wdujhw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;8

D1614 Vhwxs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;9

D1615 Uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;9

D17 Vhdufk Udgdu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;<

D1714 Vhwxs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <4
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D1715 Uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5

D1716 Udqjh Frpsuhvvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <7

E Vriwzduh Vrxufh Frgh <8

Eleolrjudsk| <9

l{



Olvw ri Iljxuhv

514 D vlpsoh udgdu vhwxs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

515 Sxovhg rshudwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

516 Dq h{dpsoh ri d vlpxodwlrq rxwsxw ri d prylqj srlqw wdujhw 1 1 1 ;

614 Pdlq zlqgrz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44

615 Wkh wrroedu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46

616 Udgdu vhwxs zlqgrz +425, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48

617 Srlqw wdujhw vhwxs zlqgrz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49

618 Uhwxuq vljqdo ri d vlqjoh srlqw wdujhw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:

619 Udz uhwxuq diwhu }rrplqj lq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;

714 Pdlq zlqgrz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 53

715 Qhz wdujhw gldorj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

716 Qhz sodwirup gldorj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57

717 Qhz udgdu gldorj 0 Sdjh 4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59

718 Sxovh hqyhorsh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:

719 Xvhu0gh�qhg SUIv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:

{



71: Qhz udgdu gldorj 0 Sdjh 5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<

71; D w|slfdo vlpxodwlrq zlqgrz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64

71< �Vdyh Gdwd� gldorj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66

7143 Gdwd �oh vwuxfwxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68

7144 D xvhu0gh�qhg ixqfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6:

7145 Wkh gl�huhqw lqwhusrodwlrq phwkrgv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6;

7146 Ordg �oh gldorj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74

7147 Wkh lpdjh ylhzhu zlqgrz +vkrzlqj volfhv lq d}lpxwk, 1 1 1 1 1 1 1 75

7148 Wkh vfulsw �oh ylhzhu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76

814 Iorz gldjudp iru xvhu0gh�qhg ixqfwlrq eorfn 1 1 1 1 1 1 1 1 1 1 1 1 7:

815 Iorz gldjudp ri wkh 'WDUJHW frppdqg 1 1 1 1 1 1 1 1 1 1 1 1 1 83

816 Iorz gldjudp ri wkh 'SODWIRUP frppdqg 1 1 1 1 1 1 1 1 1 1 1 84

817 Iorz gldjudp ri wkh 'UDGDU frppdqg +4vw sduw, 1 1 1 1 1 1 1 1 85

818 Iorz gldjudp ri wkh 'UDGDU frppdqg +5qg sduw, 1 1 1 1 1 1 1 1 86

819 Iorz gldjudp ri wkh 'VLPXODWLRQ frppdqg 1 1 1 1 1 1 1 1 1 1 87

914 Vlpxodwlrq zlqgrz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 89

915 Wkh �SxovhVhqgWlph� 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8:

916 Srlqw wdujhw dw wkh vwduw ri wkh sxovh dqg dw wkh fhqwuh ri wkh sxovh 95

917 Srvlwlrqlqj ri sxovh lq udqjh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96

:14 Jhrphwu| vhwxs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98

:15 Srlqw wdujhw vhwxs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 99
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:16 Vlpxodwlrq zlqgrz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9:

:17 Lpdjh diwhu surfhvvlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9:

:18 Vkruwhqhg vfulsw �oh iru F0edqg VDU h{dpsoh 1 1 1 1 1 1 1 1 1 1 1 9;

D14 Udz Uhwxuq Zlqgrz 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :6

D15 H{fho Zrunvkhhw iru Vlpxodwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :7

D16 Judsk ri Pdjqlwxgh dqg Skdvh djdlqvw Vodqw Udqjh 1 1 1 1 1 1 1 1 :8

D17 Judsk ri Pdjqlwxgh djdlqvw Vodqw Udqjh 1 1 1 1 1 1 1 1 1 1 1 1 1 :9

D18 Judsk ri Pdjqlwxgh dqg Skdvh djdlqvw Vodqw Udqjh 1 1 1 1 1 1 1 1 :;

D19 Jhrphwu| Vhwxs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;3

D1: Pdjqlwxgh djdlqvw Vodqw Udqjh iru Udz Uhwxuq 1 1 1 1 1 1 1 1 1 1 ;4

D1; Pdjqlwxgh djdlqvw Vodqw Udqjh iru Udqjh Frpsuhvvlrq 1 1 1 1 1 1 ;8

D1< Jhrphwu| Vhwxs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:

D143 Iuhtxhqf| djdlqvw wlph grpdlq zdyhirup 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;:

D144 Vlpxodwlrq Zlqgrz iru Uhdo Sduw ri Udz Uhwxuq 1 1 1 1 1 1 1 1 1 ;;

D145 Pdjqlwxgh ri Vljqdo diwhu Udqjh Frpsuhvvlrq 1 1 1 1 1 1 1 1 1 1 1 ;<

D146 Skdvh vkliw 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <3

D147 Pdjqlwxgh jdlq sdwwhuq iru d ehdpzlgwk ri 43 ghjuhhv 1 1 1 1 1 1 <4

D148 Jhrphwu| vhwxs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <5

D149 Judsk ri Pdjqlwxgh djdlqvw Vdpsoh Qxpehu iru Udz Uhwxuq 1 1 <6

D14: Pdjqlwxgh djdlqvw Vdpsoh Qxpehu iru Udqjh Frpsuhvvlrq1 1 1 1 <7
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Olvw ri Wdeohv

614 Vlpxodwlrq Sdudphwhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47

714 Glvwdqfh dqg udgldo yhorflw| iru hdfk srlqw wdujhw 1 1 1 1 1 1 1 1 1 77

:14 Udgdu Sdudphwhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98
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Olvw ri V|perov

� � Wudqvplwwhg UI edqgzlgwk

S � Vshhg ri oljkw

_ � Glvwdqfh ehwzhhq udgdu dqg wdujhw

sS � Udgdu fhqwuh wudqvplw iuhtxhqf|

C| � Wudqvplw dqwhqqd jdlq

Co � Uhfhlyh dqwhqqd jdlq

& � Erow}pdqq*v frqvwdqw E' ���H � �f32� Mrxohv2ghjuhh�

� � Qrlvh srzhu

�|% � Wudqvplwwhg srzhu

�o% � Uhfhlyhg srzhu

A � Htxlydohqw uhfhlyhu qrlvh whpshudwxuh lq Nhoylq

AR � Sxovh zlgwk

{| � Wlph hodsvhg ehwzhhq wudqvplwwlqj dqg uhfhlylqj d sxovh

� � Fklus udwh ri olqhdu IP zdyhirup

b � Zdyhohqjwk

j � Furvv vhfwlrq duhd ri srlqw wdujhw
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Qrphqfodwxuh

D}lpxwk�Dqjoh lq d krul}rqwdo sodqh/ uhodwlyh wr d �{hg uhihuhqfh/ xvxdoo|

qruwk ru wkh orqjlwxglqdo uhihuhqfh d{lv ri wkh dlufudiw ru vdwhoolwh1

Ehdpzlgwk�Wkh dqjxodu zlgwk ri d volfh wkurxjk wkh pdlqoreh ri wkh udgld0

wlrq sdwwhuq ri dq dqwhqqd lq wkh krul}rqwdo/ yhuwlfdo ru rwkhu sodqh1

Exuvw�Vhw ri doo iuhtxhqflhv uhtxluhg wr surgxfh d v|qwkhwlf udqjh sur�oh1

F0edqg�Wkh iuhtxhqf| udqjh fhqwhuhg durxqg 8JK}1

Fklus�D sxovh prgxodwlrq phwkrg xvhg iru sxovh frpsuhvvlrq/ dovr fdoohg olq0

hdu iuhtxhqf| prgxodwlrq1 Wkh iuhtxhqf| ri hdfk sxovh lv lqfuhdvhg ru ghfuhdvhg

dw d frqvwdqw udwh wkurxjkrxw wkh ohqjwk ri wkh sxovh1

Frkhuhqfh�D frqwlqxlw| ru frqvlvwhqf| lq wkh skdvhv ri vxffhvvlyh udgdu sxovhv1

Fruqhu uh hfwru�D udgdu uh hfwru wkdw uh hfwv qhduo| doo ri wkh udglr iuh0

txhqf| hqhuj| lw lqwhufhswv edfn lq wkh gluhfwlrq ri wkh udgdu zklfk lv looxplqdw0

lqj lw1

Gloxwh�Li lqglylgxdo vfdwwhuhuv rq d wdujhw fdq eh uhvroyhg/ wkh wdujhw ihdwxuhv

duh vdlg wr eh gloxwh1

Grssohu iuhtxhqf|�D vkliw lq wkh udglr iuhtxhqf| ri wkh uhwxuq iurp d wdujhw

ru rwkhu remhfw dv d uhvxow ri wkh remhfw*v udgldo prwlrq uhodwlyh wr wkh udgdu1

�Hduwk� sodwirup�Vwdwlrqdu|/ xqvkliwhg/ qrq0urwdwlqj frruglqdwh v|vwhp/ lghq0

wlfdo wr wkh ylvleoh d{hv rq wkh pdlq vfuhhq1
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Hqfrxqwhu�Vhw ri doo sur�ohv zkloh wdujhw lq vljkw/ dftxluhg ryhu d qxpehu ri

vfdqv1

Lvrwurslf�Qrq0gluhfwlrqdo1

Nx0edqg�Wkh iuhtxhqf| udqjh fhqwuhg durxqg 47JK}1

OVE�Ohdvw vljql�fdqw elw1

PWL�Prylqj wdujhw lqglfdwlrq1

Qdglu�Wkh uhjlrq gluhfwo| ehorz wkh vdwhoolwh srvlwlrq1

QFWU�Qrq0frrshudwlyh wdujhw uhfrjqlwlrq1

QVFDW�QDVD Vfdwwhurphwhu1

RZO�Remhfw Zlqgrzv Oleudu|1

Sodwirup�D xvhu0gh�qhg frruglqdwh v|vwhp zklfk fdq pryh lqghshqghqwo| rq

dq| sdwk vhhq uhodwlyh wr wkh �Hduwk� frruglqdwh v|vwhp1 Doo srlqw wdujhwv ru

udgduv gh�qhg rq wkdw sodwirup zloo eh vwdwlrqdu| dv vhhq iurp wkdw frruglqdwh

v|vwhp1

Srlqw Wdujhw�Lq�qlwho| vpdoo srlqw zklfk uh hfwv hohfwurpdjqhwlf hqhuj|1 Wkh

dprxqw ri uh hfwlrq ghshqgv rq lwv vxuidfh duhd dqg lwv gluhfwlrqdo yhfwru1

SUI�Sxovh uhshwlwlrq iuhtxhqf|1

SUL�Sxovh uhshwlwlrq lqwhuydo1

Sur�oh�D vlqjoh v|qwkhwlf udqjh sur�oh ri d wdujhw1

UDG�Udslg Dssolfdwlrq Ghyhorsphqw1

Udgdu�Dfwxdo hqhuj|0wudqvplwwlqj ghylfh1 Fdq eh srvlwlrqhg rqwr dq| sodw0

irup/ krzhyhu wkh srvlwlrq lv dozd|v dw wkh ruljlq ri wkdw sodwirup1

Udqjh�Wkh udgldo glvwdqfh iurp d udgdu wr d wdujhw1

UFV�Udgdu furvv vhfwlrq1

{yl



UUVJ�Udgdu Uhprwh Vhqvlqj Jurxs1

Vfdq�Vhw ri sxovhv uhfhlyhg gxulqj looxplqdwlrq wlph1

Vshfxodu�Kljko| gluhfwlyh/ l1h1 wkh srzhu uhwxuqhg iurp d vshfxodu uh hfwru

ghshqgv yhu| pxfk rq wkh gluhfwlrq ri looxplqdwlrq1

VUS�V|qwkhwlf udqjh sur�oh1

Vzdwk�Wkh duhd rq hduwk fryhuhg e| wkh dqwhqqd vljqdo1

V|qwkhwlf Dshuwxuh Udgdu +VDU,�D vljqdo0surfhvvlqj whfkqltxh iru lp0

surylqj wkh d}lpxwk uhvroxwlrq eh|rqg wkh ehdpzlgwk ri wkh sk|vlfdo dqwhqqd

dfwxdoo| xvhg lq wkh udgdu v|vwhp1 Wklv lv grqh e| v|qwkhvlvlqj wkh htxlydohqw ri

d yhu| orqj vlghorrnlqj duud| dqwhqqd1

XFW�Xqlyhuvlw| ri Fdsh Wrzq1
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Fkdswhu 4

Lqwurgxfwlrq

414 Edfnjurxqg dqg Xvhu Uhtxluhphqwv

Wkh udgdu vlpxodwru +dovr fdoohg Vduvlp5, ghvfulehg lq wklv glvvhuwdwlrq zdv rulj0

lqdoo| ghyhorshg wr surgxfh v|qwkhwlf udqjh sur�ohv +VUSv, ri frpsoh{ dlufudiw

prghov1 Lw zdv wkhq h{sdqghg dqg xsjudghg wr jhqhudwh vlpxodwhg v|qwkhwlf

dshuwxuh udgdu +VDU, gdwd1

Ryhu wkh odvw ihz |hduv d vxevwdqwldo dprxqw ri zrun kdv ehhq fduulhg rxw e| wkh

Udgdu Uhprwh Vhqvlqj Jurxs +UUVJ, dw wkh Xqlyhuvlw| ri Fdsh Wrzq +XFW,

wr surgxfh VUSv ri dlufudiw wdujhwv xvlqj dq O0Edqg vhdufk udgdu ri Uhxwhfk

V|vwhpv ^47/ 48/ 49/ 4:`1 Wkh kljk udqjh uhvroxwlrq wkdw fdq eh rewdlqhg iurp

VUS surfhvvlqj pdnhv lw ihdvleoh wr h{wudfw fkdudfwhulvwlf ihdwxuhv iurp d sur�oh

rewdlqhg iurp dq dlufudiw1 Wkh xowlpdwh dlp ri surgxflqj VUSv lv wr xvh wkhvh

h{wudfwhg ihdwxuhv iru qrq0frrshudwlyh wdujhw uhfrjqlwlrq +QFWU,/ l1h1 wr eh deoh

wr lghqwli| dq dlufudiw w|sh iurp wkh hfkr vljqdo uhfhlyhg e| wkh udgdu ^59`1 Wkh

udgdu vlpxodwru zdv zulwwhq wr surgxfh VUSv ri dlufudiw prghov/ zklfk frxog wkhq

eh xvhg wr lqyhvwljdwh wkh ihdvlelolw| ri ydulrxv dlufudiw0lghqwl�fdwlrq dojrulwkpv1

Wkh vwhsshg0iuhtxhqf| surfhvvlqj uhtxluhg wr rewdlq VUSv ri dlufudiw wdujhwv

kdv lqlwldwhg ixuwkhu uhvhdufk lq wkh UUVJ lqwr pruh h!flhqw vwhsshg0iuhtxhqf|
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surfhvvlqj whfkqltxhv ^</ 44/ 53/ 54/ 65/ 66`/ dqg wkh udgdu vlpxodwru kdv ehhq

xvhg h{whqvlyho| wr jhqhudwh vlpxodwhg gdwd1

Wkh UUVJ jurxs lv dovr dfwlyho| lqyroyhg zlwk VDU surfhvvlqj whfkqltxhv ^6/

7/ 45/ 46/ 55/ 57/ 5:`/ dqg wkh udgdu vlpxodwru kdv ehhq lqydoxdeoh lq surylglqj

qhfhvvdu| vlpxodwlrq gdwd wr whvw ydulrxv surfhvvlqj dojrulwkpv1

415 Vlpxodwru Ihdwxuhv

Rqh ri wkh pdlq remhfwlyhv ri wklv vlpxodwru zdv wr kdyh dq hdv|0wr0xvh judsk0

lfdo lqwhuidfh/ zklfk fdq vkrz uhvxowv lq uhdo0wlph1 Wklv uhtxluhphqw pdnhv lw

qhfhvvdu| wr �qg vrph zd| ri uhgxflqj wkh uhtxluhg frpsxwdwlrq1 Wkh vroxwlrq

lpsohphqwhg pd| eh fdoohg Z\VLZLF +zkdw |rx vhh lv zkdw lv fdofxodwhg,1 Wklv

phdqv wkdw wkh gdwd lv rqo| fdofxodwhg wr d uhvroxwlrq ghshqglqj rq wkh vfuhhq

uhvroxwlrq1 Rqo| zkhq wkh gdwd lv vdyhg wr glvn zloo lw eh fdofxodwhg dqg zulwwhq

zlwk wkh uhtxluhg vdpsolqj udwh1 Wkh h{dfw phwkrg zloo eh h{sodlqhg lq ghwdlo

lq Fkdswhu 91

Vrph ri wkh ihdwxuhv ri wkh udgdu vlpxodwru lqfoxgh=

� Fklus/ prqrfkurph dqg xvhu0gh�qhg sxovh prgxodwlrqv

� Vwhsshg0iuhtxhqf| lpsohphqwdwlrq zlwk frqvwdqw ru xvhu0gh�qhg iuhtxhqf|

lqfuhphqwv

� Lqghshqghqw prylqj sodwirupv zlwk xvhu0gh�qhg sdwkv

� Jhqhudwlrq ri wh{w vfulsw �ohv

� Frq�jxudeoh D2G frqyhuvlrq

� Dqjoh ghshqghqw udgdu furvv vhfwlrq +UFV, ri srlqw wdujhwv

� Urwdwlqj dqwhqqdv/ vsrw prgh VDU

� Srlqw wdujhw dqg sodwirup prwlrq huuruv
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� Doo xvhu0gh�qhg ixqfwlrqv fdq eh lpsruwhg e| d vhsdudwh wh{w �oh

� Srzhuixo lpdjh ylhzhu zklfk fdq glvsod| VDU �ohv ri sudfwlfdoo| dq| vl}h

Wkh surjudp kdv ehhq nhsw  h{leoh vr wkdw ihdwxuhv +iru h{dpsoh xvlqj uhdo0olih

dqwhqqd jdlq sdwwhuqv, fdq eh ordghg zlwk hdvh1

416 V|vwhp uhtxluhphqwv

Wkh judsklfdo iurqw0hqg ri wkh vlpxodwru zdv lqlwldoo| zulwwhq lq F.. xvlqj wkh

Remhfw Zlqgrzv Oleudu| +RZO, ri Eruodqg F.. 813/ exw zdv wkhq uhzulwwhq

zlwk Eruodqg F.. Exloghu/ zklfk pdgh wkh ghyhorsphqw pxfk hdvlhu1 Eruodqg

F.. Exloghu +EFE, fdq eh frqvlghuhg dv wkh ehvw Udslg Dssolfdwlrq Ghyhors0

phqw +UDG, wrro fxuuhqwo| dydlodeoh/ r�hulqj ylvxdo frpsrqhqwv frpelqhg zlwk

wkh  h{lelolw| dqg vshhg ri F..1 Wkh vlpxodwru h{sorlwv wkh surwhfwhg phpru|

prgho ri 65 elw surjudpv zklfk kdv wkh dgydqwdjhv ri fudvk surwhfwlrq dqg sudf0

wlfdoo| qr phpru| uhvwulfwlrqv1 Lw wkhuhiruh kdv wr uxq xqghu hlwkhu Zlqgrzv <8

ru Zlqgrzv QW 7131 Iru sruwdelolw| uhdvrqv doo wkh frgh +h{fhsw wkh zlqgrzv

iurqw hqg, kdv ehhq zulwwhq lq DQVL F..1 Doo surfhvvru lqwhqvlyh fdofxodwlrq

urxwlqhv kdyh ehhq zulwwhq dv wkuhdgv1 Wklv pdnhv rwkhu wdvnv uxqqlqj lq wkh

edfnjurxqg pruh uhvsrqvlyh dqg dovr hqdeohv wkh xvhu wr deruw d fdofxodwlrq dw

dq| wlph1

D vhfrqg surjudp kdv ehhq lqfoxghg/ zklfk lv edvlfdoo| wkh vdph surjudp zlwk0

rxw wkh judsklfdo iurqw0hqg11 Wklv surjudp lv sruwdeoh dv lw lv zulwwhq lq sxuh

DQVL F..1 Lw shuirupv olnh d frpslohu zklfk uhdgv wkh vfulsw �ohv +wh{w �ohv,

dqg zulwhv wkh uhtxluhg vlpxodwlrq �ohv wr glvn1

Wkh vlpxodwru qhhgv 49 Pe ri UDP wr zrun h!flhqwo| +65 Pe uhfrpphqghg

zlwk Zlqgrzv QW,/ dqg lw lv uhfrpphqghg wr xvh d judsklfv fdug glvsod|lqj dw

ohdvw 589 frorxuv/ exw 98n lv suhihudeoh1 D vfuhhq uhvroxwlrq ri ;33 e| 933 ru

kljkhu lv qhfhvvdu|1

Wkh iroorzlqj �ohv duh uhtxluhg wr uxq wkh udgdu vlpxodwru=
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41 vduvlp51h{h

51 vduvlpkos1kos

61 vduvlpkos1jlg

Wkh odvw wzr �ohv duh qhfhvvdu| wr dffhvv rqolqh khos1 Doo wkh qhfhvvdu| goo �ohv

kdyh ehhq olqnhg lqwr wkh h{hfxwdeoh1 Krzhyhu li vrph ri wkh gldorjv duh glvsod|hg

lqfruuhfwo| zkhq wkh vlpxodwru lv h{hfxwhg/ wkhuh pljkw eh rxwgdwhg oleudulhv rq

wkh frpsxwhu v|vwhp1 Lq wklv fdvh frs| wkh �ohv lq wkh vxssolhg qgoo gluhfwru|
lqwr wkh qv|vwhp65 vxegluhfwru| ri wkh zlqgrzv gluhfwru|1

Wkh jhrphwu| vhwxs dqg doo vlpxodwlrq sdudphwhuv duh vdyhg dv d wh{w �oh zlwk

wkh h{whqvlrq �vfu�1 H{whuqdo gdwd �ohv qrupdoo| kdyh wkh h{whqvlrq �gdw�1 Qrwh

wkdw orqj �ohqdphv dqg gluhfwru| qdphv duh vxssruwhg1

417 Ghyhorsphqw ri Glvvhuwdwlrq

Wklv glvvhuwdwlrq ghyhorsv lq wkh iroorzlqj zd|=

� Fkdswhu 5 jlyhv d eulhi lqwurgxfwlrq wr jhqhudo udgdu wkhru| dqg glvfxvvhv

krz wklv wkhru| lv dssolhg lq wkh udgdu vlpxodwru1

� Fkdswhu 6 lqwurgxfhv wkh udgdu vlpxodwru e| vhwwlqj xs dqg jrlqj wkurxjk

d yhu| vlpsoh vlpxodwlrq1

� Fkdswhu 7 jlyhv d frpsohwh ghvfulswlrq ri doo zlqgrzv dqg gldorjv dsshdulqj

lq Vduvlp51

� Wkh vwuxfwxuh ri wkh vfulsw �ohv lv h{sodlqhg lq Fkdswhu 81 Vfulsw �ohv fdq

eh xvhg wr dxwrpdwh fhuwdlq wdvnv1 Wkh| duh h�hfwlyho| wh{w �ohv frqwdlqlqj

d ghvfulswlrq ri wkh vlpxodwlrq vhwxs1

� Lq Fkdswhu 9 wkh irupxodv xvhg lq Vduvlp duh ghvfulehg lq ghwdlo1

� Fkdswhu : ghvfulehv ydulrxv h{dpsohv iru gl�huhqw dssolfdwlrqv1
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� Fkdswhu ; vxppdulvhv frqfoxvlrqv uhdfkhg dqg glvfxvvhv ixwxuh zrun1

� Dsshqgl{ D ghvfulehv ydulrxv vlpxodwlrq h{dpsohv wr looxvwudwh wkh ixqf0

wlrqlqj ri wkh udgdu vlpxodwru1 Wklv zrun kdv ehhq fr0dxwkruhg e| Khoylq

Jxqsxwk1
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Fkdswhu 5

Udgdu Wkhru| dssolhg wr
Vlpxodwru

Wklv fkdswhu jlyhv d yhu| eulhi ryhuylhz ri udgdu wkhru| dqg krz lw lv lpsohphqwhg

lq wkh vlpxodwru1

Udgduv duh hohfwurpdjqhwlf ghylfhv xvhg iru ghwhfwlrq ri wdujhwv e| udgldwlqj

hohfwurpdjqhwlf hqhuj| dqg h{dplqlqj wkh uh hfwhg hqhuj|1 D wdujhw fdq eh

ghvfulehg dv dq remhfw zklfk lqwhuihuhv zlwk wkh wudqvplwwhg zdyh dqg uh hfwv

sduw ri lwv hqhuj|1 Iru wklv vlpxodwru/ wdujhwv rffxs| dq lq�qlwhvlpdoo| vpdoo

vsdfh/ wkhuhiruh wkh| duh fdoohg srlqw wdujhwv +SWv,1Prvw udgduv zrun lq sxovhg

prgh/ l1h1 wkh| vhqg rxw vkruw exuvw ri hqhuj|/ zlwk uhodwlyho| orqj ghod|v lq0

ehwzhhq1 Wkh shulrg ehwzhhq wkhvh sxovhv lv fdoohg wkh sxovh uhshwlwlrq lqwhuydo

+SUL,/ exw xvxdoo| wkh uhflsurfdo/ qdpho| wkh sxovh uhshwlwlrq iuhtxhqf| +SUI,/

lv vshfl�hg1

Frqvlghu wkh vhwxs vkrzq lq Iljxuh 514 zlwk d vlqjoh srlqw wdujhw1 D sxovh lv

vhqw rxw dw wlph |f dqg wkh uhwxuq lv uhfhlyhg diwhu {| vhfrqgv=

{| '
2 � _
S

+514,

zkhuh S lv wkh vshhg ri oljkw dqg _ lv wkh glvwdqfh wr wkh wdujhw1 Iru wklv vlpxodwru

wkh uhfhlyhg vljqdo zloo eh d uhsolfd ri wkh wudqvplwwhg vljqdo/ dowkrxjk wkh srzhu
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Antenna

Point Target

Distance d

Transmitted Wave

Iljxuh 514= D vlpsoh udgdu vhwxs

zloo eh d iudfwlrq ri wkh ruljlqdo sxovh1 Wkh uhfhlyhg srzhu �o% ri wkh uh hfwhg

vljqdo dw wkh udgdu zloo eh

�o% '
�|%C|Co b

2 j

EeZ�� _e
+515,

zkhuh �|% lv wkh wudqvplwwhg srzhu/ C| dqg Co wkh wudqvplw dqg uhfhlyh dqwhqqd

jdlq/ b wkh zdyhohqjwk/ j wkh furvv vhfwlrq duhd ri wkh srlqw wdujhw dqg _ wkh

glvwdqfh ehwzhhq udgdu dqg wdujhw1

Qrupdoo| pdq| sxovhv duh wudqvplwwhg dv vkrzq lq Iljxuh 5151

Pulse 1 Pulse 2 Pulse 3
Return 1 Return 2

PRI

Range Gate Range Gate Range Gate

Time

Iljxuh 515= Sxovhg rshudwlrq

Wkh srlqw wdujhw zloo uhwxuq dq hfkr diwhu vrph wlph {| zklfk ghshqgv rq wkh

glvwdqfh ri wkh wdujhw iurp wkh udgdu dffruglqj wr Htxdwlrq 5141 Xvxdoo| rqh

lv qrw lqwhuhvwhg lq wkh frpsohwh udqjh ehwzhhq wzr sxovhv/ exw rqo| d vpdoo

iudfwlrq ri lw/ zklfk lv vhw e| d udqjh jdwh1 Reylrxvo| wkh udqjh ghod| dqg

uhwxuqhg srzhu fdq eh fdofxodwhg e| kdqg iru vlpsoh vwdwlrqdu| wdujhwv/ exw lw

:



zloo jhw yhu| whglrxv iru prylqj wdujhwv/ hvshfldoo| zlwk wkh dgglwlrq ri qrlvh dqg

prwlrq mlwwhu1

Wklv vlpxodwru lv fdsdeoh ri jhqhudwlqj dq duud| ri frpsoh{ ydoxhv zklfk fruuh0

vsrqg wr wkh rxwsxw ri wkh udgdu dw d fhuwdlq wlphvsdq1 Iru wklv vlpxodwru wkh

qrphqfodwxuh ri VDU olwhudwxuh kdv ehhq xvhg/ vr wkh lqwhuydo iru zklfk gdwd zloo

eh vdpsohg +udqjh jdwh, lv fdoohg vodqw udqjh1 Wkh wlph udqjh iru zklfk sxovhv

duh vhqw rxw dqg wkh uhwxuq lv vdpsohg lv fdoohg d}lpxwk udqjh1 Dq h{dpsoh ri d

vlqjoh srlqw wdujhw zklfk pryhv zlwk frqvwdqw yhorflw| sdvw d udgdu lv vkrzq lq

Iljxuh 5161

Iljxuh 516= Dq h{dpsoh ri d vlpxodwlrq rxwsxw ri d prylqj srlqw wdujhw

D wdujhw pryhv sdvw wkh udgdu/ ehlqj forvhvw dw wlph | ' f1 Wkh %0d{lv uhsuh0

vhqwv glvwdqfh iurp wkh udgdu/ dqg wkh +0d{lv uhsuhvhqwv wlph1 Lq wklv fdvh fklus

prgxodwlrq kdv ehhq xvhg zlwk d yhu| orz +xquhdolvwlf, fklus edqgzlgwk1 Wkh

vlpxodwlrq vkrzv wkh udz uhwxuq +qr udqjh frpsuhvvlrq dssolhg,1 Qrwh wkdw wkh

vljqdo pdjqlwxgh ghfuhdvhv dv wkh glvwdqfh wr wkh udgdu lqfuhdvhv1

Wklv udgdu vlpxodwru wkhuhiruh fuhdwhv 50glphqvlrqdo duud|v ri frpsoh{ qxpehuv

fruuhvsrqglqj wr wkh rxwsxw ri udqjh yhuvxv wlph iru d vshfl�f udgdu1 Lw fdofxodwhv

;



wkh uhodwlyh glvwdqfhv ehwzhhq wkh udgdu+v, dqg srlqw wdujhwv iru wkh vshfl�hg

wlph shulrg1 Ghshqglqj rq wkhvh glvwdqfhv/ vfdohg frslhv ri wkh gh�qhg sxovh

duh lqvhuwhg lqwr wkh rxwsxw duud|1 Wkh udz uhwxuq fdq eh udqjh frpsuhvvhg/

l1h1 hyhu| sxovh lv frqyroyhg zlwk lwv uhsolfd1

<



Fkdswhu 6

Jhwwlqj Vwduwhg

Wklv fkdswhu lqwurgxfhv wkh udgdu vlpxodwru e| vhwwlqj xs d yhu| vlpsoh vlpxod0

wlrq1

614 Wkh vwduw0xs zlqgrz

Vwduw wkh surjudp e| h{hfxwlqj �vduvlp51h{h� hlwkhu iurp wkh frppdqg surpsw

ru e| grxeoh0folfnlqj rq wkh lfrq lq Zlqgrzv1 D vfuhhq zlwk d frruglqdwh0v|vwhp

rq wkh uljkw dqg d olvw ri remhfwv rq wkh ohiw zloo dsshdu dv vkrzq lq Iljxuh 6141

Wklv udgdu vlpxodwru xvhv wkuhh gl�huhqw nlqgv ri remhfwv= sodwirupv/ srlqw wdujhwv

dqg udgduv1

� Sodwirupv duh xvhu0gh�qhg frruglqdwh v|vwhpv zklfk fdq pryh lqghshq0

ghqwo| rq dq| sdwk vhhq uhodwlyh wr wkh �Hduwk� frruglqdwh v|vwhp zklfk

zloo eh h{sodlqhg ehorz1 Doo srlqw wdujhwv ru udgduv gh�qhg rq wkdw sodw0

irup zloo eh vwdwlrqdu| dv vhhq iurp wkdw frruglqdwh v|vwhp1

� Srlqw wdujhwv duh lq�qlwho| vpdoo srlqwv zklfk uh hfw hohfwurpdjqhwlf

hqhuj|1 Wkh dprxqw ri uh hfwlrq ghshqgv rq wkhlu vxuidfh duhd dqg wkhlu

gluhfwlrqdo yhfwru1 Wklv zloo eh h{sodlqhg lq pruh ghwdlo lq Fkdswhu 71
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Iljxuh 614= Pdlq zlqgrz

� Udgduv duh wkh dfwxdo hqhuj|0wudqvplwwlqj ghylfhv1 Wkh| fdq eh srvlwlrqhg
rqwr dq| sodwirup +krzhyhu wkhlu srvlwlrq lv dozd|v dw wkh ruljlq ri wkdw

sodwirup,/ dqg wkhuh duh qxphurxv sdudphwhuv wr eh vhw zklfk zloo eh

h{sodlqhg lq Fkdswhu 71

61414 Wkh �HDUWK� frruglqdwh v|vwhp

Wkh frruglqdwh v|vwhp vkrzq rq wkh vwduw0xs zlqgrz lv wkh prvw ixqgdphqwdo

rqh dqg doo rwkhu remhfwv zloo eh srvlwlrqhg uhodwlyh wr lw1 Lw lv frqyhqlhqwo|

fdoohg �Hduwk�1 Wkh ruljlq ri wkh �Hduwk� frruglqdwh v|vwhp lv dw % ' f/ + ' f

dqg 5 ' f zlwk wkh uhg/ juhhq dqg eoxh olqhv uhsuhvhqwlqj wkh %0d{lv/ +0d{lv

44



dqg 50d{lv uhvshfwlyho|1 Wkh odehoohg hqgv duh srlqwlqj lq wkh srvlwlyh gluhfwlrq1

Wkhuh duh glvwdqfh pdunv rq wkh d{hv +iru h{dpsoh �f np, wr jlyh vrph vhqvh

ri vfdoh1 Ehorz wkh wrs erughu ri wkh zlqgrz/ wkh d}lpxwk dqg hohydwlrq dqjoh

ri wkh fxuuhqw ylhzsrlqw duh vkrzq1 Xvlqj wkh prxvh/ rqh fdq pdqlsxodwh wkh

frruglqdwh v|vwhp lq wkuhh zd|v=

41 Urwdwh= Wr urwdwh wkh d{hv/ sxvk dqg krog wkh ohiw prxvh exwwrq dqg pryh

wkh prxvh lq wkh uhtxluhg gluhfwlrq1 Prylqj lw xs dqg grzq zloo fkdqjh

wkh hohydwlrq dqjoh/ prylqj lw ohiw dqg uljkw fkdqjhv wkh d}lpxwk dqjoh1

51 ]rrp= Wr }rrp lq ru rxw/ sxvk dqg krog wkh uljkw prxvh exwwrq dqg pryh

lw xs ru grzq1 Wkh glvwdqfh pdunv rq wkh d{hv vkrxog vwduw prylqj1

61 Wkhuh lv d zd| ri fkdqjlqj wkh irfxv srlqw +wkh srlqw durxqg zklfk wkh

frruglqdwh v|vwhp wxuqv,1 Wklv lv ghvfulehg lq Vhfwlrq 71<1

Lq wkh wrs0ohiw fruqhu wkh fxuuhqw vlpxodwlrq wlph lv jlyhq/ l1h1 zkdw rqh vhhv lv d

vqdsvkrw dw wkdw jlyhq wlph1 Wklv khosv ylvxdolvlqj wkh srvlwlrq ri srlqw wdujhwv

dqg sodwirupv dw vshfl�f wlphv1 Wkh wlph lqvwdqfh fdq eh fkdqjhg e| hqwhulqj d

wlph lqwr wkh hglw0er{ ru e| folfnlqj rq wkh ohiw2uljkw vfuroo exwwrqv mxvw wr wkh

uljkw ri wkh hglw0er{1

Rq wkh ohiw/ d er{ frqwdlqlqj d olvw ri doo remhfwv lv jlyhq1 Wkh rughu ghshqgv

rq wkh uhodwlyh srvlwlrqlqj/ l1h1 doo remhfwv sodfhg rq d sodwirup zloo dsshdu +lq0

ghqwhg, mxvw ehorz lw1

61415 Sodflqj remhfwv

Wr sodfh d qhz remhfw +srlqw wdujhw/ udgdu ru sodwirup,/ vhohfw wkh uhtxluhg remhfw

iurp wkh �Jhrphwu|� phqx1 D gldorj zlwk d zkroh vhw ri sdudphwhuv zloo dsshdu1

Doo ri wkh sdudphwhuv duh vhw wr vrph ghidxow ydoxh dqg prvw ri wkhp grq*w kdyh

wr eh fkdqjhg iru prvw ri wkh vlpsohu vlpxodwlrqv1 Xvh wkh Wde nh| ru wkh prxvh

wr qdyljdwh wkurxjk wkh gldorjv1 E| folfnlqj rq wkh RN exwwrq/ wkh remhfw zloo
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dsshdu rq wkh vfuhhq +li lq vljkw,1 D vkruw0fxw wr fuhdwh qhz remhfwv lv wkh wrroedu

rq wrs ri wkh vfuhhq +vhh Iljxuh 615,1

Iljxuh 615= Wkh wrroedu

61416 Hglwlqj remhfwv

Wkhuh duh wzr zd|v wr hglw remhfwv1 Rqh lv wr grxeoh0folfn wkh remhfw rq wkh olvw

jlyhq rq wkh ohiw vlgh/ wkh rwkhu lv wr uljkw0folfn wkh remhfw lwvhoi lq wkh frruglqdwh

v|vwhp1 Wklv rqo| dssolhv wr srlqw wdujhwv dqg udgduv�xvh wkh olvw wr prgli|

sodwirupv1

61417 Ghohwlqj remhfwv

Wr ghohwh d srlqw wdujhw ru udgdu uljkw0folfn lw lq wkh frruglqdwh v|vwhp dqg

fkrrvh �Ghohwh Srlqw Wdujhw� 2 �Ghohwh Udgdu� iurp wkh dsshdulqj phqx1 Wr

ghohwh d sodwirup fkrrvh wkh uhtxluhg sodwirup iurp wkh olvw1

615 D vlpsoh h{dpsoh

Wklv vhfwlrq zloo vkrz krz wr fuhdwh d vlpsoh vlpxodwlrq zlwk d vlqjoh srlqw

wdujhw1 Wkh vlpxodwlrq sdudphwhuv duh jlyhq lq Wdeoh 6141

� Fohdu +li qhfhvvdu|, wkh fxuuhqw vlpxodwlrq e| vhohfwlqj Iloh 2 Qhz rq wkh

phqx1

� Fuhdwh d qhz udgdu e| vhohfwlqj Jhrphwu| 2 Qhz Udgdu +ru e| folfnlqj rq

wkh Udgdu exwwrq,1 D zlqgrz dv vkrzq lq Iljxuh 616 zloo dsshdu1
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W|sh ri sxovh prgxodwlrq fklus sxovh

� 83 PK}

sS 4 JK}

AR 8333 qv

SUI 4 nK}

�|% 4 nZ

dqwhqqd jdlq lvrwurslf

_ 6333 p

j 6 p2

Wdeoh 614= Vlpxodwlrq Sdudphwhuv

Fkdqjh wkh sxovh w|sh wr �Fklus� e| vhohfwlqj wkh Fklus udglr exwwrq

+flufohg lq Iljxuh 616,1 +Udglr exwwrqv duh wkh urxqg flufohv zlwk rqh

kdylqj d eodfn grw lq lw/ phdqlqj wklv rswlrq lv vhohfwhg,1 Wkh uhpdlqlqj

sdudphwhuv zloo kdyh wkh fruuhfw sdudphwhuv e| ghidxow1 Folfn wkh RN
exwwrq1 D udgdu +grwwhg flufoh zlwk d juh| glvf lq lw, zloo dsshdu dw wkh

ruljlq ri wkh Hduwk frruglqdwh v|vwhp1 Rq wkh olvw dw wkh ohiw d �Udgdu=

Udgdu4� hqwu| xqghu �Sodwirup= Hduwk� zloo dsshdu1

� Fuhdwh d srlqw wdujhw e| vhohfwlqjJhrphwu| 2 Qhz Wdujhw +ru wkh dffruglqj

Wdujhw exwwrq,1

� Vhw wkh %0frruglqdwh wr �fffp dqg wkh udgdu furvv vhfwlrq wr �p2 dv lqgl0

fdwhg lq Iljxuh 6171 Folfn rq RN1 D srlqw wdujhw +uhg grw zlwk eodfn flufoh

durxqg lw, zloo dsshdu1

� Vhohfw Vlpxodwlrq 2 Udz uhwxuq iurp wkh phqx1 Dqrwkhu zlqgrz zloo rshq/

vkrzq lq Iljxuh 6181

Vkrzq rq wkh uljkw0kdqg vlgh ri wklv zlqgrz lv d frorxu0frghg lpdjh ri wkh

uhfhlyhg zdyhirup glvsod|hg dv vodqw udqjh +%0gluhfwlrq, lq phwhu yhuvxv d}lpxwk

wlph ++0gluhfwlrq, lq vhfrqgv1 Dv wkh srlqw wdujhw lv vwdwlrqdu|/ wkh srvlwlrq ri wkh

srlqw wdujhw lq vodqw udqjh vwd|v frqvwdqwo| dw �fff phwhuv1 Wkh frorxu sdohwwh
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Iljxuh 616= Udgdu vhwxs zlqgrz +425,

kdv ehhq pdsshg vxfk wkdw oljkw eoxh uhsuhvhqwv wkh kljkhvw srvlwlyh ydoxh/ eodfn

uhsuhvhqwv }hur dqg oljkw uhg wkh kljkhvw qhjdwlyh ydoxh1 Wkh zdyhirup lv vkrzq

dw edvhedqg/ l1h1 wkh iuhtxhqf| vshfwuxp kdv ehhq vkliwhg vxfk wkdw wkh fduulhu

iuhtxhqf| lv uhpryhg1 Lqlwldoo| wkh sxovh vkrzq grhv qrw uhvhpeoh d fklus sxovh/

ehfdxvh doldvlqj wdnhv sodfh rq wkh vfuhhq/ l1h1 lw lv qhfhvvdu| wr }rrp lq/ wr vhh

wkh ghwdlov ri wkh fklus sxovh1

Rq wkh ohiw vlgh wkh fxuuhqw udgdu/ wkh vlpxodwlrq zlqgrz +vodqw udqjh 2 d}lpxwk,

dqg wkh glvsod| w|sh +uhdo 2 lpdjlqdu| 2 pdjqlwxgh 2 skdvh, fdq eh fkrvhq1

Wr vhohfw d gl�huhqw udgdu/ folfn rq wkh ghvluhg udgdu rq wkh olvw1 Iru wklv vlpx0

odwlrq rqo| d vlqjoh udgdu lv gh�qhg1

Wkh vlpxodwlrq zlqgrz vl}h +vodqw udqjh dqg d}lpxwk, fdq eh fkdqjhg lq irxu

zd|v=
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Iljxuh 617= Srlqw wdujhw vhwxs zlqgrz

41 Fkdqjlqj wkh ydoxhv ri wkh vodqw2d}lpxwk udqjh lq wkh hglw0er{hv rq wkh

ohiw1

51 ]rrplqj lq e| vhohfwlqj dq duhd rq wkh lpdjh zlwk wkh ohiw prxvh exwwrq1

Wklv lv grqh e| sxvklqj dqg kroglqj wkh ohiw prxvh exwwrq rq wkh ghvluhg

fruqhu dqg uhohdvlqj lw rq wkh rssrvlwh fruqhu1 Wkh zlqgrz zloo xsgdwh

dxwrpdwlfdoo|1

61 ]rrplqj rxw e| d idfwru ri wzr lq hlwkhu gluhfwlrq e| uljkw0folfnlqj dq|0

zkhuh rq wkh lpdjh1 Wkh zlqgrz zloo dovr xsgdwh dxwrpdwlfdoo|1

71 Vkrzlqj doo wdujhwv +l1h1 vhohfwlqj d vodqw udqjh vsdqqlqj iurp wkh forvhvw

wr wkh ixuwkhvw wdujhw, e| folfnlqj rq wkh Vkrz doo wdujhwv exwwrq1

Li wkh d}lpxwk vfdoh lv vxfk wkdw wzr sxovhv duh vhsdudwh e| dw ohdvw 2f sl{hov/ wkh

dfwxdo zdyhirup ri wkh sxovh zloo eh glvsod|hg dv d judsk dv vkrzq lq Iljxuh 6191

Wkh wlph lqvwdqfh dw zklfk wkh vkrzq sxovhv kdv ehhq wudqvplwwhg e| wkh udgdu

fdq wkhq eh hdvlo| lghqwl�hg/ iru h{dpsoh lq wklv h{dpsoh wkh SUI lv � nK}/

wkhuhiruh d sxovh zloo eh wudqvplwwhg hyhu| f�ff� vhfrqgv1 Qrwh wkdw wkh judskv

ri wkh sxovhv gr qrw xvh wkh d}lpxwk wlph vfdoh rq wkh ohiw/ l1h1 wkh dpsolwxgh

ri wkh judskv gr qrw fruuhvsrqg wr wkh vfdoh lq vhfrqgv jlyhq dw wkh ohiw/ exw
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Iljxuh 618= Uhwxuq vljqdo ri d vlqjoh srlqw wdujhw

wkh| kdyh wkhlu rzq dpsolwxgh vfdoh +qrw vkrzq,1 Ehorz wkh lpdjh/ wkh kljkhvw

devroxwh pdjqlwxgh zlwklq wkh glvsod|hg lpdjh lv vkrzq lq ploolyrow1 Qrwh wkdw

wklv ydoxh pljkw qrw eh dffxudwh gxh wr wkh vdpsolqj surfhvv +l1h1 wkh zdyhirup

pljkw kdyh ehhq vdpsohg voljkwo| r�0shdn,1 Iru wkh fxuuhqw vlpxodwlrq d ydoxh ri

e�fbD � �f3DpY lv vkrzq1 Iru wklv vlpsoh vlpxodwlrq wkh udgdu htxdwlrq uhgxfhv

wr=

�o% '
�|% �C2 � b2 � j
Ee � Z�� � _e +614,

'
�fff � � � f��2 � �
Ee � Z�� � �fffe +615,

' ��S.b.S � �f3�DZ +616,

Wkhuhiruh wkh dpsolwxgh lv jlyhq e|=

�@}?�|�_e '
s
�o% +617,

' e�fbD � �f3DpY +618,

Wkh zkroh zlqgrz fdq eh uhvl}hg +ru pd{lplvhg, lq wkh xvxdo zd|/ exw qrwh

wkdw wkh fdofxodwlrq wlph lv sursruwlrqdo wr wkh lpdjh vl}h1 Rq vorz frpsxwhuv
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Iljxuh 619= Udz uhwxuq diwhu }rrplqj lq

lw pljkw eh dgylvdeoh wr pdnh wkh zlqgrz vpdoohu wkdq wkh ghidxow vl}h1

Wr vdyh wkh zlqgrz glvsod|hg/ folfn rq wkh �Vdyh Gdwd� exwwrq1 Wklv ixqfwlrq

zloo eh h{sodlqhg lq pruh ghwdlo lq Vhfwlrq 71<1
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Fkdswhu 7

Frppdqg Vxppdu|

Wklv fkdswhu h{sodlqv doo dydlodeoh frppdqgv1

714 Pdlq Zlqgrz

71414 Ryhuylhz

Diwhu vwduwlqj Vduvlp |rx zloo vhh d vfuhhq vlplodu wr wkh rqh vkrzq lq Iljxuh 7141

Lq wklv vshfl�f h{dpsoh d �oh kdv ehhq ordghg iru ghprqvwudwlrq sxusrvhv1 Rq

wkh ohiw vlgh ri wkh zlqgrz/ wkh fxuuhqw vlpxodwlrq wlph/ wkh fxuuhqw orrn0dqjoh

dqg d olvw ri doo remhfwv lv jlyhq1 Wkh vlpxodwlrq wlph lv xvhixo lq rughu wr vhh krz

remhfwv pryh zlwk uhvshfw wr wlph1 Lw fdq eh fkdqjhg e| suhvvlqj wkh Hduolhu
ru Odwhu exwwrqv/ ru e| hqwhulqj d vshfl�f wlph lqwr wkh hglw er{1 Wkh orrn

dqjoh lv jlyhq e| dq d}lpxwk dqg hohydwlrq dqjoh/ zkhuh wkh d}lpxwk dqjoh lv

phdvxuhg forfnzlvh iurp wkh +0d{lv/ dqg wkh hohydwlrq dqjoh iurp wkh %0+ sodqh1

Wkh remhfw olvw vkrzv doo fxuuhqw remhfwv/ qdpho| srlqw wdujhwv +SWv,/ sodwirupv

dqg udgduv1 Wkh| duh vruwhg zlwk uhvshfw wr sodwirupv/ dqg ehorz hdfk sodwirup

dq lqghqwhg olvw ri doo remhfwv uhodwlyh wr wklv sodwirup lv jlyhq1 Remhfwv fdq

eh dowhuhg e| folfnlqj ru grxeoh0folfnlqj wkh uhvshfwlyh olvw lwhp1 Rq wrs ri wkh

vfuhhq d ihz vshhg exwwrqv duh sodfhg1 Folfnlqj rq wkhp zloo fuhdwh d qhz remhfw
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ri wkh vhohfwhg w|sh1

Iljxuh 714= Pdlq zlqgrz

71415 Prxvh Frppdqgv

Wkh prxvh lv xvhg wr urwdwh wkh frruglqdwh v|vwhp dqg wr }rrp lq dqg rxw1 Lw

lv dovr xvhg wr prgli| ru ghohwh remhfwv1

� URWDWLRQ= Wr urwdwh wkh d{hv/ sxvk dqg krog wkh ohiw prxvh exwwrq

dqg pryh wkh prxvh lq wkh uhtxluhg gluhfwlrq1 Prylqj lw xs dqg grzq zloo

fkdqjh wkh hohydwlrq dqjoh/ prylqj lw ohiw dqg uljkw fkdqjhv wkh d}lpxwk

dqjoh1

� ]RRP= Wr }rrp lq ru rxw/ sxvk dqg krog wkh uljkw prxvh exwwrq dqg

pryh lw xs ru grzq1 Wkh glvwdqfh pdunv rq wkh d{hv vkrxog vwduw prylqj1
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� PRGLI\ 2 GHOHWH= Srlqw wdujhwv/ sodwirupv dqg udgduv fdq eh prg0
l�hg e| hlwkhu vhohfwlqj wkh uhtxluhg remhfw rq wkh olvw ru uljkw0folfnlqj wkh

uhtxluhg remhfw lq wkh frruglqdwh v|vwhp1 D phqx frqwdlqlqj rswlrqv wr

prgli| ru ghohwh wkh remhfw zloo dsshdu1

71416 Phqx Frppdqgv

Iloh

� Qhz= Fuhdwhv d qhz vlpxodwlrq1 Li wkh fxuuhqw vlpxodwlrq kdv qrw ehhq

vdyhg/ wkh xvhu zloo eh dvnhg li wkh fxuuhqw �oh vkrxog eh vdyhg1

� Rshq= Ordgv d vfulsw �oh iurp glvn +ghidxow h{whqvlrq @ �1vfu�,1 Wkh

vwuxfwxuh ri wkh vfulsw �ohv zloo eh h{sodlqhg lq ghwdlo lq Fkdswhu 81

� Vdyh= Vdyhv wkh fxuuhqw vlpxodwlrq �oh wr glvn1 Li qr qdph kdv ehhq jlyhq

|hw/ wkh xvhu zloo eh dvnhg wr hqwhu d qdph1

� VdyhDv= Vdyhv wkh fxuuhqw �oh zlwk d qhz qdph1

� H{lw= H{lwv wkh surjudp1

Jhrphwu|

� Qhz Wdujhw= Fuhdwhv d qhz srlqw wdujhw1 D ghwdlohg ghvfulswlrq lv jlyhq

lq Vhfwlrq 7151

� Qhz Sodwirup= Fuhdwhv d qhz sodwirup1 D ghwdlohg ghvfulswlrq lv jlyhq

lq Vhfwlrq 7161

� Qhz Udgdu= Fuhdwhv d qhz udgdu1 D ghwdlohg ghvfulswlrq lv jlyhq lq

Vhfwlrq 7171
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Vlpxodwlrq

� Udz Uhwxuq= Wklv rswlrq vkrzv wkh uhfhlyhg uhwxuq vljqdo pl{hg grzq

wr edvhedqg1 D ghwdlohg ghvfulswlrq lv jlyhq lq Vhfwlrq 718141

� Udqjh Frpsuhvvhg= Wklv rswlrqv vkrzv wkh udqjh frpsuhvvhg uhwxuq/

dovr pl{hg grzq wr edvhedqg1 D ghwdlohg ghvfulswlrq lv jlyhq lq Vhf0

wlrq 718141

� Suhylrxvo| Vwruhg= Wkh sdudphwhuv ri d vlpxodwlrq fdq eh vwruhg vr wkdw
wkh| fdq eh uhfdoohg txlfno|1 Wklv lqfoxghv wkh zlqgrz udqjh/ vdpsolqj

iuhtxhqf|/ udgdu xvhg/ rxwsxw �oh qdph dqg vrph pruh sdudphwhuv1 D olvw

ri doo vwruhg vlpxodwlrqv zloo eh jlyhq1 Dq rswlrq wr ghohwh d vlpxodwlrq

vhwxs lv dovr jlyhq1

715 Qhz Wdujhw Zlqgrz

Fuhdwlqj d qhz wdujhw eulqjv xs d gldorj zlqgrz vkrzq lq Iljxuh 7151

Wkh iroorzlqj sdudphwhuv fdq eh frq�jxuhg=

� Sodwirup qdph +xs wr 48 fkdudfwhuv,= Wkh sodwirup wr zklfk wkh

fxuuhqw srlqw wdujhw ehorqjv1 Wkh frruglqdwhv hqwhuhg zloo eh uhodwlyh wr

wkh ruljlq ri wklv jlyhq sodwirup1

� Srvlwlrq %/ + dqg 5= Wkh frruglqdwhv ri wkh srlqw wdujhw lq phwhuv1

� Vwdqgdug ghyldwlrq ri %/ + dqg 5 srvlwlrq= Lqwurgxfh Jdxvvldq glv0

wulexwhg udqgrp mlwwhu1

� Udgdu Furvv Vhfwlrq= Wkh udgdu furvv vhfwlrq lq vtxduh phwhuv1

� Udgdu Furvv Vhfwlrq ghyldwlrq= Li wkh wdujhw vflqwloodwhv/ wkh vwdqgdug
ghyldwlrq ri wkh UFV fdq eh vshfl�hg1 Wkh glvwulexwlrq lv Jdxvvldq1

55



Iljxuh 715= Qhz wdujhw gldorj

� Lvrwurslf uh hfwlylw|= Wkh lqflghqfh dqjoh ri wkh ud| iurp wkh udgdu lv

luuhohydqw/ l1h1 wkh udgdu furvv vhfwlrq zloo dozd|v eh frqvwdqw1

� Gluhfwlrqdo uh hfwlylw|= Wklv lplwdwhv d vxuidfh iru zklfk wkh uh hfwhg

hqhuj| lv jlyhq dv d ixqfwlrq ri wkh lqflghqfh dqjoh +d}lpxwk dqg hohydwlrq

dqjoh,1 Li wkh jdlq lv vhw wr �Frv�/ wkh udgdu furvv vhfwlrq fkdqjhv h{dfwo|

olnh wkh surmhfwhg vxuidfh ri d glvf vhhq iurp d vshfl�f dqjoh/ l1h1 h�hf0

wlyh UFV ' UFV � ULtElqflghqfh dqjoh�1 Qr uh hfwlrq wdnhv sodfh rq wkh

edfnvlgh1 Lw lv srvvleoh wr gh�qh d vshfl�f jdlq sdwwhuq e| folfnlqj rq wkh

�Gh�qlwlrq� exwwrq1 Wklv lv h{sodlqhg lq ghwdlo lq Vhfwlrq 7191

716 Qhz Sodwirup Zlqgrz

Fuhdwlqj d qhz sodwirup eulqjv xs wkh gldorj zlqgrz vkrzq lq Iljxuh 7161

Wkh iroorzlqj sdudphwhuv fdq eh frq�jxuhg=

56



Iljxuh 716= Qhz sodwirup gldorj

� Sodwirup qdph= Wkh qdph ri wklv sodwirup +xs wr 48 fkdudfwhuv, iru

ixwxuh uhihuhqflqj1

� Srvlwlrq/ �Vwdwlrqdu|� ru �Wudmhfwru|�= Li wkh srvlwlrq ri wkh sodw0

irup lv vwdwlrqdu|/ wkh %/ + dqg 5 frruglqdwhv qhhg wr eh hqwhuhg1 Wklv zloo

sodfh wkh sodwirup dw wkh jlyhq frruglqdwh rq wkh �Hduwk� sodwirup1 Li wkh

srvlwlrq ri wkh sodwirup lv gh�qhg dv d wudmhfwru|/ wkh srvlwlrq iru hyhu|

wlph lqvwdqfh fdq eh gh�qhg1 Wkh jlyhq srlqwv zloo eh lqwhusrodwhg +sdu0

derolf/ olqhdu ru orz0sdvv �owhuhg,1 Wklv zloo eh h{sodlqhg lq Vhfwlrq 7191

� %/ + dqg 50urwdwlrq= Wklv ghvfulehv wkh urwdwlrq dqjohv ri wkh sodwirup

durxqg wkh %/ + dqg 5 d{hv vhhq uhodwlyh wr wkh �Hduwk� sodwirup1 Qrwh

wkdw wkh sodwirup fdq eh �doljqhg�1

� Doljq %0d{lv wr sdwk= Li wklv er{ lv surylghg zlwk d fkhfn pdun/ wkh

frruglqdwh v|vwhp zloo eh urwdwhg lq vxfk d zd| wkdw wkh %0d{lv zloo frlqflgh

zlwk wkh sdwk dw dq| jlyhq wlph lqvwdqfh1 Wr h{suhvv lw gl�huhqwo|/ wkh
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d}lpxwk dqg hohydwlrq dqjoh ri dq| srlqw rq wkh sdwk zloo eh sdudooho wr

wkh %0d{lv ri wkh sodwirup1 Wkh +0d{lv zloo krzhyhu vwloo eh sdudooho wr wkh

�Hduwk� sodwirup1 Dq h{dpsoh zkhuh wklv lv xvhixo lv li d sodwirup lv xvhg

wr ghvfuleh wkh prwlrq ri dq dlufudiw/ wkhq wkh qrvh ri wkh dlufudiw zloo

dozd|v srlqw lq wkh gluhfwlrq lw lv  |lqj1 Dq h{dpsoh lv jlyh lq Fkdswhu :1

� Wkh sdudphwhuv lq wkh er{ �Prwlrq huuruv� ghvfuleh dq| ghyldwlrqv iurp

wkh lghdo srvlwlrq ru urwdwlrq1 Wkh glvwulexwlrq lv Jdxvvldq1 Wkhuh lv wkh

rswlrq wr gh�qh prwlrq huuruv e| jlylqj dq lqwhjudwlrq hqyhorsh zklfk zloo

eh frqyroyhg zlwk Jdxvvldq glvwulexwhg qrlvh/ exw wklv rswlrq lv vwloo lq

ghyhorsphqw1

717 Qhz Udgdu Zlqgrz

Fuhdwlqj d qhz udgdu eulqjv xs d gldorj zlqgrz vkrzq lq Iljxuh 7171

Wkh iroorzlqj sdudphwhuv fdq eh frq�jxuhg rq wklv sdjh=

� Udgdu qdph= Iru frqyhqlhqfh wkhuh fdq eh pruh wkdq rqh udgdu lq wkh

vlpxodwlrq1 Wkh udgdu qdph kdv wr eh vshfl�hg iru ixwxuh uhihuhqfh1

� Sodwirup qdph= Wkh qdph ri wkh sodwirup rqwr zklfk wkh udgdu zloo eh

srvlwlrqhg1 Wkh udgdu lv dozd|v srvlwlrqhg dw wkh ruljlq ri wkh sodwirup1

� Sxovh w|sh= Fkrrvh hlwkhu prqrfkurph/ fklus sxovh ru xvhu0gh�qhg sxovhv1
Li d fklus sxovh lv fkrvhq/ wkh fklus edqgzlgwk qhhgv wr eh vshfl�hg1

� Sxovhzlgwk= Wkh sxovhzlgwk lq qdqrvhfrqgv1

� Hqyhorsh= Wkh sxovh fdq eh pxowlsolhg e| dq hqyhorsh ixqfwlrq wr prgho

pruh uhdolvwlf sxovhv dv vkrzq lq Iljxuh 7181

� Sxovh Uhshwlwlrq Iuhtxhqf|= Wkh SUI fdq eh gh�qhg hlwkhu dv d frq0

vwdqw ru lw fdq ydu| iurp sxovh wr sxovh dv vkrzq lq Iljxuh 7191 Wkh gdwd

zudsv durxqg/ vxfk wkdw SULd%o 'SULDuud|dprgxoxvE%c ?�o1 Qrwh wkdw doo

wlphv duh jlyhq lq vhfrqgv1
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Iljxuh 717= Qhz udgdu gldorj 0 Sdjh 4

� Fhqwuh iuhtxhqf|= Vshfli| wkh fhqwuh iuhtxhqf| ri hdfk sxovh1 Lw fdq eh

frqvwdqw/ vwhsshg ru frpsohwho| duelwudu|1

� Srzhu rxwsxw= Wrwdo srzhu rxwsxw ri udgdu lq nZ1

� V|vwhp orvvhv= Wrwdo v|vwhp orvvhv lq gE1

� Qrlvh whpshudwxuh= Qrlvh whpshudwxuh ri v|vwhp lq Nhoylq1

Qrlvh lv prghoohg lq d vlpsoh zd| e| vshfli|lqj qrlvh whpshudwxuh ri wkh uhfhlyhu1

Wkh iroorzlqj h{dpsoh zloo vkrz krz wr frqyhuw ehwzhhq wkh qrlvh whpshudwxuh

dqg d uhtxluhg V2Q udwlr dw d fhuwdlq glvwdqfh=

Wkh qrlvh srzhu fdq eh fdofxodwhg e|=
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Pulse width

rise time fall time

Pulse

time

magnitude

Iljxuh 718= Sxovh hqyhorsh

PRI[0]

Pulse 0

PRI[1]

Pulse 1

PRI[2]

Pulse 2

PRI[3]

Pulse 3

PRI[n-1]

Pulse n-1

PRI[0]

Pulse n

PRI[1]

Pulse n+1

PRI[2]

Pulse n+2

t=0 t=PRI[0] t=PRI[0]+PRI[1] time (seconds)

Iljxuh 719= Xvhu0gh�qhg SUIv

� ' & � A �� +714,

zkhuh & lv Erow}pdqq*v frqvwdqw E' ���H��f32� Mrxohv2ghjuhh�/ A lv wkh htxlydohqw

uhfhlyhu qrlvh whpshudwxuh lq Nhoylq dqg � lv wkh edqgzlgwk ri wkh sxovh +iru

fklus sxovhv ' Fklus edqgzlgwk/ iru prqrfkurph sxovhv ' �
Sxovhzlgwk

�1 Dvvxplqj

zh zdqw wr dgg wkh qrlvh wr d jlyhq frpsoh{ vdpsoh 7 ' U n � � '/ wkh ydoxhv
uhsuhvhqwlqj frpsoh{ yrowdjh1 Wkh uhvxowlqj yhfwru +vljqdo . qrlvh, 7� ' U� n

� �'� lv wkhq fdofxodwh dv iroorzv=

U� ' U nB@�tt�@?�L�ti
�s

�
�

+715,

'� ' 'nB@�tt�@?�L�ti
�s

�
�

+716,

zkhuhB@�tt�@?�L�tiE� uhwxuqv d udqgrp ydoxh zlwk phdq @ 3 dqg jlyhq vwdqgdug

ghyldwlrq1

Frqvlghu d vlpsoh vlpxodwlrq zlwk d srlqw wdujhw +UFV @ 4p2, dw d glvwdqfh ri

5:



� np/ dqg d udgdu zlwk d srzhu rxwsxw ri � nZ1 Wkh sxovh vkrxog kdyh prqr0

fkurph prgxodwlrq dqg kdyh d zlgwk ri �fffqv1 Wkh qrlvh whpshudwxuh lv vhw wr

�ff Nhoylq/ wkh fhqwuh iuhtxhqf| lv �JK}1 Wkh vljqdo srzhu uhfhlyhg zrxog eh=

�o% '
�|% � b2 � j
Ee � Z�� � _e +717,

'
�fff � f��2 � �
Ee � Z�� � �fffe +718,

' e�D� � �f3�eZ +719,

Wkh qrlvh srzhu zrxog eh=

� ' & � A �� +71:,

' ���H � �f32� � �ff � �

�f3S
+71;,

' ���H � �f3�DZ +71<,

zklfk jlyhv d srzhu V2Q udwlr ri=

7

�
'

e�D� � �f3�eZ
���H � �f3�DZ

+7143,

' �2�H +7144,

' �D�2 gE +7145,

Frqyhuwlqj wr dpsolwxghv +dvvxplqj d 4l uhvlvwru,=

Tuhfhlyhg '
s
�o% +7146,

' 2��� � �f3.Y +7147,

dqg

5;



Qrlvh Yrowdjh ' ��.�D � �f3HY +7148,

Wkh vljqdo wr qrlvh udwlr zlwk uhvshfw wr dpsolwxghv zrxog eh D�.�1

D vhfrqg sdjh ri frq�jxudeoh sdudphwhuv fdq eh vhohfwhg1 Lw lv vkrzq lq Ilj0

xuh 71:1

Iljxuh 71:= Qhz udgdu gldorj 0 Sdjh 5

Wkh iroorzlqj sdudphwhuv fdq eh frq�jxuhg rq wklv sdjh=

� Wudqvplwwhu dqg uhfhlyhu dqwhqqd jdlq= Hlwkhu lvrwurslf/ d w|slfdo

t�?E%�*% sdwwhuq/ ru xvhu0gh�qhg1

� Dqwhqqd Gluhfwlrq

� Pdwfkhg Ilowhu Zlqgrz
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� Vhqvlwlylw| Wlph Frqwuro

Wkh udgdu lv srvlwlrqhg dw wkh ruljlq ri wkh jlyhq sodwirup1

718 Vlpxodwlrq Zlqgrz

71814 Ryhuylhz

Wkhuh duh wzr surfhvvlqj rswlrqv dydlodeoh=

� D udz uhwxuq vlpxodwlrq= Lq wklv fdvh wkh wudqvplwwhg vljqdo lv qrw

udqjh0frpsuhvvhg +l1h1 frqyroyhg zlwk d uhsolfd,1 Wkh vdpsolqj udwh lv dx0

wrpdwlfdoo| vhw vxfk wkdw doo ghwdlo lv vkrzq dw wkh fxuuhqw vfuhhq uhvroxwlrq1

� D udqjh0frpsuhvvhg vlpxodwlrq= Wkh uhwxuq jhwv udqjh0frpsuhvvhg1

Ehfdxvh udqjh0frpsuhvvlrq lv frpsxwdwlrqdoo| lqwhqvlyh/ wkh vdpsolqj udwh

fdq eh vhw1 Qrwh wkdw vhwwlqj orz vdpsolqj udwhv +ohvv wkdq wkuhh wlphv

Q|txlvw udwh, pd| uhvxow lq xqidploldu orrnlqj judskv1

D w|slfdo vlpxodwlrq zlqgrz lv vkrzq lq Iljxuh 71;1

Wkh vlpxodwlrq zlqgrz vkrzv wkh uhfhlyhg uhwxuq vljqdo pl{hg grzq wr edvhedqg1

Rq wkh uljkw kdqg vlgh d zlqgrz zlwk vodqw udqjh +lq phwhuv, yhuvxv d}lpxwk +lq

vhfrqgv, lv vkrzq1 Wkh pd{lpxp dpsolwxgh +lq pY, lv vkrzq dw wkh erwwrp1

Wklv lv rqo| dq dssur{lpdwlrq edvhg rq wkh fxuuhqw zlqgrz1 Lq wkh wrs ohiw

fruqhu wkh qdph ri wkh vhohfwhg udgdu lv vkrzq1 Wkh uhwxuqhg vljqdov kdyh ehhq

fdofxodwhg iru wklv vshfl�f udgdu1 Vhohfw d gl�huhqw udgdu wr glvsod| uhwxuqv iru d

gl�huhqw udgdu1

Wr fkdqjh wkh vlpxodwlrq zlqgrz/ hglw wkh udqjh dqg d}lpxwk ydoxhv lq wkh

zlqgrz er{1 Lw lv srvvleoh wr }rrp lq lqwhudfwlyho| e| ohiw0folfnlqj dqg gudjjlqj

rq wkh vlpxodwlrq zlqgrz1 Li wkh vlpxodwlrq zlqgrz lv uljkw0folfnhg/ lw zloo }rrp

rxw e| d idfwru ri wzr lq wkh vodqw udqjh dqg d}lpxwk gluhfwlrqv1
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Iljxuh 71;= D w|slfdo vlpxodwlrq zlqgrz

Wkh �Glvsod|� er{ vhohfwv zkhwkhu wkh uhdo/ lpdjlqdu| sduw ru wkh skdvh ru

pdjqlwxgh lv glvsod|hg1 Wkh glvsod| ri wkh sxovhv lv frorxu0frghg/ zkhuh eoxh

uhsuhvhqwv srvlwlyh/ eodfn }hur dqg uhg qhjdwlyh ydoxhv1 Lq fdvh ri d judsklfv fdug

vxssruwlqj 2DS ru pruh frorxuv/ wkh frorxuv zloo fkdqjh vprrwko| dffruglqj wr

wkh dpsolwxgh1 Wkh frqwudvw fdq eh fkdqjhg e| prylqj wkh volghu1 Li rqh }rrpv

lq vxfk wkdw vxffhvvlyh sxovhv duh vhsdudwhg e| pruh wkdq �f vfuhhq sl{hov lq wkh

d}lpxwk gluhfwlrq/ wkh sxovhv zloo qrw eh frorxu0frghg dq|pruh/ exw vkrzq dv

surshu judskv1

Wkhuh lv d lpsruwdqw srlqw zklfk qhhgv wr eh fodul�hg= Wkh vlpxodwlrq zlqgrz

vkrzv vodqw udqjh lq wkh %0gluhfwlrq dqg d}lpxwk lq wkh +0gluhfwlrq1 Krzhyhu

zkdw lv glvsod|hg lq uhdolw| lv zkdw wkh D2G frqyhuwhu zloo vhh/ l1h1 wkh vfdoh

lq vodqw udqjh lv phdvxuhg dv udqjh ghod|1 Wkh gl�huhqfh ehwzhhq glvwdqfh dqg

udqjh ghod| lv d idfwru ri wzr/ ehfdxvh wkh sxovh kdv wr wudyho wzlfh wkh glvwdqfh1

Vr wkh vlpxodwlrq zlqgrz dfwxdoo| xvhv udqjh ghod| ' S
2_

+lq vhfrqgv, dv wkh %0
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d{lv/ exw vkrzv d vfdoh zklfk fruuhvsrqgv wr wkh dfwxdo glvwdqfh wr wkh wdujhw1 Dq

h{dpsoh= d sxovh ri ohqjwk � �v lv �ffp orqj1 Li wkh D2G iuhtxhqf| lv DffPK}/

wkh uhwxuqlqj sxovh zloo fryhu ryhu Dff vdpsohv1 Rqh vdpsoh fruuhvsrqgv wr

f��p
�

S
2us@_

�
lq glvwdqfh dqg wkhuhiruh wkh sxovh zloo kdyh d ohqjwk ri Dff � f��p

' �Dfp rq wkh glvsod| +dqg qrw wkh dfwxdo �ffp,1 Wklv pljkw vrxqg frqixvlqj/

exw wkh idfwru ri 2 vlpso| ruljlqdwhv iurp wkh idfw wkdw wkh ehdp kdv wr wudyho

wzlfh wkh dfwxdo glvwdqfh +wr wkh wdujhw dqg edfn,1 Li wkh uhwxuq lv frqyhuwhg lqwr

udqjh e| pxowlso|lqj e| wkh vshhg ri oljkw/ wkh wdujhw zloo dsshdu dw wzlfh wkh

glvwdqfh zkhuh lw dfwxdoo| lv/ dqg wkhuhiruh wkh udqjh +dqg wkh sxovh ohqjwk, lv

glylghg e| d idfwru ri 2 wr ryhufrph wklv sureohp1

71815 Vdylqj Gdwd

Diwhu fkrrvlqj wkh uhtxluhg zlqgrz lq udqjh dqg d}lpxwk/ wkh gdwd fdq eh vdyhg

lq hlwkhu wh{w ru elqdu| irupdw1 Wkh gldorj vkrzq lq Iljxuh 71< zloo frph xs1

Wkh gldorj lv glylghg lqwr wkuhh vhfwlrqv=

Vlpxodwlrq Zlqgrz

Wkh vlpxodwlrq zlqgrz ghwhuplqhv wkh udqjh lq wlph +d}lpxwk, dqg glvwdqfh

+vodqw udqjh, zklfk zloo eh vdyhg wr glvn1 Wkh dfwxdo ydoxhv zhuh vhw lq wkh

suhylrxv zlqgrz +vlpxodwlrq zlqgrz, dqg fdqqrw eh fkdqjhg lq wklv gldorj1

Wkh vodqw udqjh lv jlyhq lq phwhuv dqg uhsuhvhqwv wkh glvwdqfh iurp wkh udgdu1 Lw

fdq eh frqyhuwhg lqwr wlph +udqjh ghod|, e| xvlqj wkh vlpsoh uhodwlrqvkls | ' 2_
S
1

Wkh d}lpxwk udqjh lv phdvxuhg lq vhfrqgv dqg fruuhvsrqgv wr wkh wlph vsdq iru

zklfk wkh gdwd zloo eh uhfrughg1 Li wkh SUI lv frqvwdqw/ wkh qxpehu ri sxovhv

fdq eh ghwhuplqhg e| xvlqj wkh iroorzlqj htxdwlrq=

qxpehu ri sxovhv ' EHqgWlph� VwduwWlph� � SUIn � +7149,

Lq qrq0VDU dssolfdwlrqv wkh whup d}lpxwk udqjh lv htxlydohqw wr wkh wlph zlqgrz

+vorz wlph, iru zklfk wkh udgdu lv fdswxulqj gdwd1
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Iljxuh 71<= �Vdyh Gdwd� gldorj

Wkh vdpsolqj iuhtxhqf| ghwhuplqhv wkh vdpsolqj udwh ri wkh uhfhlyhg vljqdo1 E|

ghidxow wkh vdpsoh iuhtxhqf| lv vhw wr wkh Q|txlvw iuhtxhqf| zklfk lv fdofxodwhg

iurp hlwkhu wkh sxovh ohqjwk ru wkh fklus edqgzlgwk iru prqrfkurph dqg fklus

sxovhv uhvshfwlyho|1 Wkh vdpsolqj iuhtxhqf| fdq eh dowhuhg e| fkdqjlqj wkh pxo0

wlsolfdwlrq idfwru1 Xqghuvdpsolqj/ l1h1 lqvhuwlqj ydoxhv ehorz xqlw|/ lv dffhswhg1

Ehorz wkdw/ wkh vl}h ri wkh �oh lv hvwlpdwhg1 Lq wklv fdvh +vhh Iljxuh 71<,/ wkhuh

duh D�2 vdpsoh srlqwv lq vodqw udqjh E�2.bp lq udqjh / 2u�2.b
S

' H�D�D2�r/

H�D�D2�r � �2fPK} ' �f2e� dqg D�2 sxovhv lq d}lpxwk +��2.b vhfrqgv dw effK}

SUI +lqfoxvlyh,,1 Iru DVFLL �ohv/ wkh surjudp fdq rqo| hvwlpdwh wkh dfwxdo

vsdfh qhhghg iru hdfk L2T sdlu/ dv wudlolqj }hurhv duh qrw vdyhg1 Krzhyhu li wkh

�oh lv vdyhg lq elqdu| irupdw/ wkh vl}h jlyhq zloo eh suhflvh1

66



D2G Frqyhuwhu

Wkh qh{w er{ uhtxluhv wzr lqsxwv/ qdpho| wkh D2G vdpsolqj dffxudf| lq elwv dqg

wkh ydoxh ri wkh ohdvw vljql�fdqw elw +OVE, lq ploolyrow1 Li wkh ydoxh lv qrw glylvleoh

e| H/ wkh uhpdlqlqj elwv zloo eh }hur0sdgghg1 Wkh OVE ydoxh lv hvwlpdwhg iurp

wkh pd{lpxp pdjqlwxgh rffxuulqj lq wkh vlpxodwlrq zlqgrz1 Lw zloo qrw eh

devroxwho| dffxudwh vlqfh wkh vdpsolqj iuhtxhqf| ri wkh vfuhhq zlqgrz pljkw eh

ohvv wkdq wkh vdpsolqj iuhtxhqf| xvhg iru vdylqj wkh �oh1 Lw lv srvvleoh wr fkdqjh

wkh OVE ydoxh e| vhohfwlqj wkh �Vhw e| xvhu� fkhfn er{1 Diwhu wkh �oh kdv ehhq

vdyhg/ wkh surjudp zloo vkrz krz pxfk g|qdplf udqjh kdv dfwxdoo| ehhq xvhg1

Iloh

Wkh odvw er{ frqwdlqv wkh �oh qdph dqg wkh irupdw lq zklfk wkh gdwd vkrxog eh

vdyhg lq1 Li wkh �oh lv vdyhg lq elqdu| irupdw/ hdfk L dqg T ydoxh lv uhsuhvhqwhg e|

dq lqwhjhu qxpehu ri e|whv zlwk }hur0sdgglqj dssolhg li qhfhvvdu|1 Iru h{dpsoh

�2 elw D2G dffxudf| zloo uhtxluh 2 e|whv iru hdfk L dqg T ydoxh/ zlwk wkh irxu

ohdvw0vljql�fdqw elwv vhw wr f1 Wkh r�vhw lv E2%3� � �� zlwk % ehlqj wkh qxpehu ri

D2G elwv +iru h{dpsoh H elwv fruuhvsrqg wr dq r�vhw ri �2./ l1h1 f Yrowv @ �2.,1

Li wkh �oh lv vdyhg lq wh{w +DVFLL, irupdw wkh qxpehu +dv fdofxodwhg ehiruh, zloo

eh zulwwhq dv d surshu qxpehu1

Dq h{dpsoh lv jlyhq qrz=

Lq wkh h{dpsoh deryh wkh pd{lpxp ydoxh lq wkh vlpxodwlrq zlqgrz zdv S��b�Sb �
�f3DpY1 Xvlqj H elwv shu ydoxh/ wklv phdqv wkh ohdvw vljql�fdqw ydoxh zloo eh
S��b�Sbu�f3D

2H3�3�
' S��b�Sbu�f3D

�2.
' D�f�ee � �f3.pY dv lv dovr vkrzq lq Iljxuh 71<1 Li iru

h{dpsoh wkh L0ydoxh dw vrph srlqw lv ��2 ��f3DpY/ wkhq wkh ydoxh zulwwhq wr glvn

zloo eh E2H3����nhL�?_
�

��2u�f3D

D�f�eeu�f3.

�
' �2.n�. ' �Se/ zkhuh wkh �uvw sduw ri wkh

irupxod uhsuhvhqwv wkh r�vhw ydoxh1 Lq elqdu| prgh wkh fkdudfwhu fruuhvsrqglqj

wr �Se zloo eh zulwwhq wr �oh/ zkloh lq DVFLL prgh wkh wkuhh vhsdudwh gljlwv �4�/

�9� dqg �7� zloo eh vdyhg1

Wkhuh lv wkh rswlrq wr vdyh wkh fxuuhqw vlpxodwlrq zlqgrz +l1h1 wkh zlqgrz udqjh/
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vdpsolqj iuhtxhqf|/ hwf1, lq wkh vfulsw �oh vr wkdw lw fdq eh uhfdoohg txlfno| dw

d odwhu vwdjh1 Wklv lv grqh e| vhwwlqj wkh �Vdyh wr vfulsw rqo|� ru wkh �Vdyh

wr erwk� fkhfn er{1 Li lw lv vhw wr �Vdyh wr vfulsw rqo|� lw phdqv wkh �oh zloo

eh qrw zulwwhq wr glvn/ krzhyhu wkh vlpxodwlrq sdudphwhuv zloo eh dgghg wr wkh

vfulsw �oh1 Wklv zloo eh h{sodlqhg lq pruh ghwdlo lq Fkdswhu 81 Li lw lv vhw wr

�Vdyh vlpxodwlrq rxwsxw wr glvn rqo|�/ qr vlpxodwlrq hqwu| zloo eh dgghg wr wkh

vfulsw �oh1 �Vdyh wr erwk� dggv wkh vlpxodwlrq wr wkh vfulsw �oh dqg dovr vdyhv

wkh dfwxdo gdwd wr glvn1

Diwhu vhohfwlqj wkh �Vdyh� rswlrq/ wkh �oh zloo eh vdyhg/ vkrzlqj d surjuhvv edu1

Wkh vdylqj surfhvv fdq dozd|v eh lqwhuuxswhg e| suhvvlqj wkh fdqfho exwwrq1

71816 Gdwd �oh vwuxfwxuh

Wkh gdwd lv vdyhg lq d frpsoh{ irupdw zkhuh hdfk vdpsoh srlqw lv uhsuhvhqwhg

e| dq lqskdvh frpsrqhqw +L, dqg d txdgudwxuh frpsrqhqw +T,1 Wkh vwuxfwxuh lv

vkrzq lq Iljxuh 71431

IQ,IQ,IQ,IQ,IQ.....
IQ,IQ,IQ,IQ,IQ.....
IQ,IQ,IQ,IQ,IQ.....
....
....

Slant Range
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u
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e
s
)

1st pulse

2nd pulse

3rd pulse

Iljxuh 7143= Gdwd �oh vwuxfwxuh

Wkh L dqg T ydoxhv duh zulwwhq lq wxuqv1 Hdfk olqh lq wkh �oh fruuhvsrqgv wr

wkh uhwxuq ri rqh sxovh/ zlwk wkh �hduolhvw� sxovh zulwwhq �uvw1 Zlwklq hdfk olqh

wkh vdpsohg ydoxhv duh zulwwhq dv LT sdluv/ wkh �hduolhu� +forvhu wr wkh udgdu,

vdpsohv zulwwhq �uvw1 Wkhvh sdluv duh vhsdudwhg e| frppdv li wkh �oh lv vdyhg
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dv wh{w/ exw kdyh qr vhsdudwlrq fkdudfwhu li wkh �oh lv vdyhg lq elqdu| irupdw1 Lq

wh{w prgh diwhu hdfk sxovh d �qhz olqh� fkdudfwhu lv lqvhuwhg1 Iru wkh sdudphwhuv

vkrzq lq Iljxuh 71< wkhuh zrxog eh �f2e LT sdluv +2feH qxpehuv, iru hdfk olqh

dqg d wrwdo ri D�2 olqhv1

719 Xvhu0gh�qhg Ixqfwlrqv

Wkh udgdu vlpxodwru lv kljko| frq�jxudeoh1 Wkhuh duh �2 ixqfwlrqv zklfk fdq eh

gh�qhg frpsohwho| duelwudulo|/ iru h{dpsoh wkh sxovh vkdsh/ wkh fhqwuh iuhtxhqf|

ri hyhu| sxovh/ wkh SUL +sxovh uhshwlwlrq lqwhuydo, ehwzhhq dq| 2 sxovhv/ wkh wud0

mhfwru| ri prylqj sodwirupv/ wkh dqwhqqd jdlq sdwwhuqv/ pdwfkhg �owhu zlqgrzv

dqg vrph pruh1 Wkhvh ixqfwlrqv fdq hlwkhu eh gh�qhg e| hqwhulqj wkh vdpsoh

srlqwv vwudljkw lqwr wkh vlpxodwru/ ru e| vshfli|lqj dq h{whuqdo gdwd �oh1

71914 Wkh gdwd hqwu| zlqgrz

D vwdqgduglvhg lqsxw vfuhhq lv xvhg iru doo ri wkhp/ zklfk lv vkrzq lq Iljxuh 8141

Lq wklv fdvh wkh zlqgrz iru gh�qlqj d wudmhfwru| ri d sodwirup lv vkrzq1 Wkhuh

duh wkuhh yduldeohv wr eh gh�qhg iru wkh wudmhfwru|/ l1h1 wkh %/ + dqg 5 frruglqdwhv

yv wlph1 Wr gh�qh d ixqfwlrq/ dw ohdvw rqh srlqw +frruglqdwh yv wlph, kdv wr eh

vshfl�hg iru hdfk ri wkh wkuhh yduldeohv1 Wkh surjudp zloo lqwhusrodwh ehwzhhq

wkh jlyhq srlqwv1 Li rqo| rqh srlqw lv vshfl�hg +iru h{dpsoh Dffp dw | ' f

vhfrqgv,/ wkh frruglqdwh zloo vwd| frqvwdqw +Dffp, dqg iru doo jlyhq wlphv wkh

judsk zloo eh d +krul}rqwdo, vwudljkw olqh sdvvlqj wkurxjk Efc Dff�1 Li wzr srlqwv

duh jlyhq/ wkh judsk zloo dovr eh d vwudljkw olqh sdvvlqj wkurxjk erwk srlqwv/

exw zloo qrw qhfhvvdulo| eh krul}rqwdo1 Iru pruh wkdq 2 srlqwv/ wkh surjudp zloo

xvh wkh vhohfwhg lqwhusrodwlrq phwkrg1 Qrwh wkdw wkh srlqwv gr qrw kdyh wr eh

gh�qhg zlwk frqvwdqw lqwhuydov iru wkh %0frruglqdwh/ iru h{dpsoh E�c ��/ E2c D� dqg

E2fc �f� lv shuihfwo| dffhswdeoh1

Wkhuh duh fxuuhqwo| � lqwhusrodwlrq phwkrgv lpsohphqwhg=
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Iljxuh 7144= D xvhu0gh�qhg ixqfwlrq

41 Fxelf vsolqhv= Wklv zloo xvh fxelf vsolqhv wr lqwhusrodwh ehwzhhq srlqwv1

Wklv lqwhusrodwlrq lv frpsxwdwlrqdoo| lqwhqvlyh dqg vkrxog eh xvhg rqo| iru

ohvv wkdq �fff srlqwv ru vr1

51 Orz sdvv �owhu= Lq wklv fdvh wkh gh�qhg srlqwv fdq eh frqvlghuhg dv

lpsxovhv wr d orz0sdvv �owhu zlwk d kljkhvw iuhtxhqf| uhvsrqvh jlyhq e| wkh

lqyhuvh ri wkh dyhudjh glvwdqfh ehwzhhq 2 vxffhvvlyh srlqwv1 Qrwh wkdw wkh

ixqfwlrq pljkw qrw wrxfk doo jlyhq srlqwv li wkhlu %0lqwhuydo lv qrw frqvwdqw1

61 Olqhdu= D vwudljkw olqh lqwhusrodwlrq ehwzhhq 2 vxffhvvlyh srlqwv lv lpsoh0

phqwhg/ dv vkrzq lq Iljxuh 8141

D frpsdulvrq ehwzhhq wkh gl�huhqw phwkrgv lv jlyhq lq Iljxuh 71451

Iru wkh h{dpsoh lq Iljxuh 814/ � vdpsohv duh jlyhq1 Wr fuhdwh d sodwirup prylqj

zlwk frqvwdqw yhorflw| lw zrxog eh vx!flhqw wr vshfli| wzr vdpsohv1

D ghwdlohg ghvfulswlrq ri hyhu| sduw ri wkh zlqgrz lv jlyhq ehorz=
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Cubic Interpolation Matched Filter Interpolation Linear Interpolation

Iljxuh 7145= Wkh gl�huhqw lqwhusrodwlrq phwkrgv

� Vrxufh= Wkh gdwd fdq eh hlwkhu vwruhg lq d vhsdudwh �oh ru lqolqh +zlwklq

wkh vfulsw �oh,1 Iru odujh gdwd vhwv lw pljkw eh pruh sudfwlfdo wr xvh h{whu0

qdo gdwd �ohv1 Krzhyhu iru vlpsoh vlpxodwlrqv wkh �lqolqh� rswlrq lv pruh

frpsdfw1 Wkh vwuxfwxuh lv ghvfulehg lq Fkdswhu 81

� Glvsod|= Ghshqglqj rq wkh gdwd w|sh/ wkhuh duh xs wr wkuhh yduldeohv zklfk
fdq eh gh�qhg vlpxowdqhrxvo|1 Iru wkh deryh h{dpsoh wkuhh frruglqdwhv

qhhg wr eh gh�qhg1 Li wkhuh lv pruh wkdq rqh yduldeoh/ rqh fdq vzlwfk

ehwzhhq wkhp e| folfnlqj rq wkh vshfl�f udglr exwwrq1

� Hglw= Wkh gdwd fdq eh hqwhuhg ru prgl�hg lq wklv er{1 Wkh Qxpehu
ri vdpsohv hglw er{ gh�qhv wkh wrwdo qxpehu ri vdpsohv vshfl�hg iru wkh

jlyhq yduldeoh +wkh| pljkw eh gl�huhqw iru dqrwkhu yduldeoh/ iru h{dpsoh

|rx pljkw zdqw wr vshfli| D srlqwv iru wkh %0frruglqdwh/ exw rqo| � iru wkh

+ dqg 5 frruglqdwh,1 Ehorz wkdw d olvw ri % dqg + frruglqdwhv lv jlyhq iru

wkh qxpehu ri vshfl�hg srlqwv1 Diwhu hqwhulqj wkh ydoxhv suhvv Xsgdwh wr
xsgdwh wkh judsk rq wkh uljkw1 Zkhq hqwhulqj pruh wkdq 2f ydoxhv ru vr lw

lv pruh sudfwlfdo wr uhdg h{whuqdo wh{w �ohv1 Srlqwv fdq eh ghohwhg ru dgghg

dw wkh fxuuhqw fxuvru srvlwlrq1

� Zlqgrz= Khuh wkh fxuuhqw udqjh ri wkh judsk vkrzq fdq eh vhw1 Vrph
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gdwd w|shv duh olplwhg lq udqjh1

� Lw lv srvvleoh wr }rrp lq e| vhohfwlqj dq duhd rq wkh judsk zlwk wkh ohiw

prxvh exwwrq1 Wklv lv grqh e| sxvklqj dqg kroglqj wkh ohiw prxvh exwwrq

rq wkh ghvluhg fruqhu dqg uhohdvlqj lw rq wkh rssrvlwh fruqhu1

� ]rrplqj rxw e| d idfwru ri wzr lq hlwkhu gluhfwlrq lv dfklhyhg e| uljkw0

folfnlqj dq|zkhuh rq wkh judsk1

� Srlqwv fdq eh gudjjhg wr d qhz orfdwlrq rq wkh judsk e| sxvklqj dqg

kroglqj wkh ohiw prxvh exwwrq rq wkh ghvluhg srlqw dqg prylqj lw wr d qhz

srvlwlrq1

Doo ri wkh gdwd w|shv iru zklfk wkh ruglqdwh lqfuhdvhv lq �{hg vwhsv ri �/ wkh

ruglqdwh zloo eh ljqruhg1 Wkh judsk zloo qrw eh d frqwlqxrxv olqh exw d edu

judsk1 Rqh h{dpsoh lv wkh gh�qlwlrq ri wkh fhqwuh iuhtxhqf| iru hdfk sxovh1 Lq

wklv fdvh wkh ruglqdwh mxvw uhsuhvhqwv wkh sxovh qxpehu dqg zloo eh lghqwlfdo wr

wkh fxuuhqw vdpsoh qxpehu1

71915 H{whuqdo gdwd �ohv

Li wkh gdwd lv vshfl�hg wr eh dq h{whuqdo �oh/ wkh vwuxfwxuh ri wkh gdwd ghshqgv

rq wkh ixqfwlrqv wr eh gh�qhg/ exw lv ri wkh iroorzlqj jhqhudo irupdw=

^Qxpehu ri vdpsohv iru ixqfwlrq 4`/ ^[4`/ ^\4`/ ^[5`/ ^\5`/ ^[6`/ ^\6` 1111^[q`/^\q`
^Qxpehu ri vdpsohv iru ixqfwlrq 5`/ ^[4`/ ^\4`/ ^[5`/ ^\5`/ ^[6`/ ^\6` 1111^[q`/^\q`
^Qxpehu ri vdpsohv iru ixqfwlrq 6`/ ^[4`/ ^\4`/ ^[5`/ ^\5`/ ^[6`/ ^\6` 1111^[q`/^\q`

Iluvw wkh qxpehu ri vdpsohv lv jlyhq/ wkhq wkh % dqg + frruglqdwhv iru doo wkh

vdpsohv duh jlyhq1 Wklv lv uhshdwhg xs wr � wlphv ghshqglqj rq wkh vshfl�f gdwd

w|sh +iru h{dpsoh srvlwlrq uhtxluhv � frruglqdwhv/ rwkhuv rqo| uhtxluh � ru 2,1

Frpphqwv fdq eh lqvhuwhg e| xvlqj dq h{fodpdwlrq pdun diwhu zklfk doo wh{w

xqwlo wkh qh{w olqh euhdn lv ljqruhg1 Frppdv ru vsdfhv fdq eh xvhg dv vhsdudwruv1

Dv dq h{dpsoh wkh gdwd �oh iru wkh srlqwv jlyhq lq Iljxuh 7145 lv jlyhq=
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$ Gdwd iloh iru = Srvlwlrq [ +p, yv Wlph +v,/ Srvlwlrq \ +p, yv Wlph +v,/ Srvlwlrq ] +p, yv Wlph +v,
$ Vwuxfwxuh = ^Qr1 Vdpsohv` ^Wlph +v, 4` ^Srvlwlrq [ +p, 4` ^Wlph +v, 5` ^Srvlwlrq [ +p, 5` 111
$ ^Qr1 Vdpsohv` ^Wlph +v, 4` ^Srvlwlrq \ +p, 4` ^Wlph +v, 5` ^Srvlwlrq \ +p, 5` 111
$ ^Qr1 Vdpsohv` ^Wlph +v, 4` ^Srvlwlrq ] +p, 4` ^Wlph +v, 5` ^Srvlwlrq ] +p, 5` 111
8
3 3/ 4 418/ 5 3/ 6 08/ 7 0618
4
3 3
4
3 3

D srlqwv kdyh ehhq gh�qh iru wkh % frruglqdwh/ dqg � iru wkh + dqg 5 frruglqdwh1

Gdwd �ohv fdq dovr eh hglwhg dv ghvfulehg deryh dqg wkh fkdqjhv fdq eh zulwwhq

wr glvn e| folfnlqj wkh Vdyh exwwrq1

71: Ylhzlqj Vlpxodwlrq Ilohv

D srzhuixo lpdjh ylhzhu kdv ehhq lqwhjudwhg lqwr Vduvlp1 Lw fdq eh irxqg xqghu

Glvsod| 2 Vlpxodwlrq Rxwsxw1 Wkh ihdwxuhv ri wklv ylhzhu lqfoxgh=

� Qr olplw lq wkh �oh vl}h ri wkh lpdjh wr eh ylhzhg1 Wkh �oh lv ordghg

�rq0wkh0 |� dqg rqo| wkh glvsod|hg sruwlrq lv nhsw lq phpru|1

� Lpsruw ri Vxq0Udvwhu Ilohv/ Vduvlp vlpxodwlrq �ohv dqg xvhu0gh�qhg �ohv1

� Wkxpeqdlo ryhuylhz lpdjh vkrzq1

� Volfhv lq udqjh ru d}lpxwk1

� Vhyhudo frorxu sdohwwhv dydlodeoh zlwk volghu frqwurov iru euljkwqhvv/ frqwudvw

dqg vdwxudwlrq1

� Dxwrpdwlf glvsod| ri L/T/ skdvh dqg pdjqlwxgh iru vhohfwhg vdpsoh1

� Xvxdo }rrplqj dqg sdqqlqj frqwurov1

Wkh gldorj glvsod|hg lq Iljxuh 7146 dsshduv diwhu vhohfwlqj wkh phqx rswlrq Iloh
2 Rshq1
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Iljxuh 7146= Ordg �oh gldorj

� Ilohqdph= Wkh �ohqdph ri wkh lpdjh �oh1 Xvh wkh Ilqg exwwrq wr eurzvh

iru d �oh1

� Irupdw= Vhyhudo irupdwv duh vxssruwhg=

41 Vxq0Udvwhu0Iloh irupdw= Wkhvh �ohv kdyh d khdghu gh�qlqj wkhlu vl}h

dqg rwkhu sdudphwhuv1

51 Vduvlp vlpxodwlrq= Li wkhuh lv d 'VLPXODWLRQ hqwu| lq wkh vfulsw

�oh zlwk wkh jlyhq lpdjh �ohqdph dv rxwsxw qdph/ lw zloo xvh wkh

vshfl�hg sdudphwhuv1

61 Fxvwrp= D qxpehu ri sdudphwhuv kdyh wr eh vshfl�hg iru fxvwrp �ohv=

� Khdghu= Khdghu vl}h lq e|whv/ gdwd lq khdghu zloo eh ljqruhg1

� Zlgwk= Zlgwk ri lpdjh lq sl{ho +fruuhvsrqgv wr vodqw udqjh,

� Khljkw= Khljkw ri lpdjh lq sl{ho +fruuhvsrqgv wr d}lpxwk udqjh,

� E|whv shu Ydoxh= Qxpehu ri e|whv iru hdfk sl{ho1 Qrwh= Li vdpsohv

duh frpsoh{ wklv zloo eh wkh qxpehu ri e|whv iru erwk L dqg T

ydoxhv wrjhwkhu1

� R�vhw= Wkh r�vhw zklfk zloo eh vxewudfwhg iurp hdfk vdpsoh +wr

jhw qhjdwlyh qxpehuv,1 Iru h{dpsoh vlqjoh e|wh ydoxhv kdyh d

udqjh ri 3 wr 5881 Dq r�vhw ri 45: zloo pds wklv wr ��2. wr n�2H1
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� Gdwd W|sh= Hlwkhu pdjqlwxgh +vlqjoh ydoxhv, ru frpsoh{1 Frp0

soh{ qxpehuv qhhg wr kdyh wkh L ydoxh �uvw/ l1h1 LTLT1

� E|wh Rughu= Vshfli| li ohdvw0vljql�fdqw e|wh frphv �uvw ru qrw1

Diwhu vxffhvvixoo| ordglqj wkh �oh/ wkh zlqgrz zloo orrn vlplodu wr wkh rqh vkrzq

lq Iljxuh 71471

Iljxuh 7147= Wkh lpdjh ylhzhu zlqgrz +vkrzlqj volfhv lq d}lpxwk,

Rq wkh ohiw/ erwwrp vlgh wkh frpsohwh lpdjh lv vkrzq1 D zklwh uhfwdqjoh pdunv

wkh }rrphg vhfwlrq/ vkrzq rq wkh uljkw1 Wkh gdwd fdq eh glvsod|hg dv=

� Frorxu sl{hov= Hdfk ydoxh fruuhvsrqgv wr d fhuwdlq frorxu +vhh frorxu

sdohwwh,

� Volfhv lq %= Wklv zloo vkrz wkh gdwd dv judskv/ udqjlqj iurp wrs wr erwwrp1
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� Volfhv lq += Wklv zloo vkrz wkh gdwd dv judskv/ udqjlqj iurp ohiw wr uljkw1

71; Orrnlqj dw Vfulsw Ilohv

Vfulsw �ohv duh xvhg wr ghvfuleh wkh frpsohwh jhrphwu| ri wkh vlpxodwlrq dqg

wkh| dovr vwruh wkh sdudphwhuv ri �ohv zulwwhq wr glvn1 Vrphwlphv lw lv xvhixo wr

txlfno| wdnh d orrn dw wklv vfulsw �oh1 Lw fdq eh glvsod|hg e| vhohfwlqj Glvsod| 2

Vfulsw Iloh1 Wkh �oh glvsod|hg zloo eh lghqwlfdo wr wkh �oh zklfk zloo eh vwruhg

rq glvn diwhu vhohfwlqj Iloh 2 Vdyh rq wkh pdlq zlqgrz1 Dq h{dpsoh lv vkrzq

lq Iljxuh 71481

Iljxuh 7148= Wkh vfulsw �oh ylhzhu

71< Fkdqjlqj Irfxv

Lw lv srvvleoh wr fkdqjh wkh irfxv srlqw ri wkh pdlq vfuhhq iurp wkh ruljlq ri

wkh �Hduwk� frruglqdwh v|vwhp wr vrphzkhuh hovh1 Hlwkhu d srlqw rwkhu wkdq wkh
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Sxovh Qr1 Sxovh wudqvp lwwlrq SW4 G lvwdqfh SW4 Udgld o SW5 G lvwdqfh SW5 Udgldo SW6 hwf

wlp h +v, +p , Yhor flw| +p2v, +p , Yhor f lw| +p2v,

3 41533 651656 5 1645 67 1744 41545 hwf1

4 41535 651676 5 1656 67 1755 41555 hwf1

5 41535 651696 5 1667 67 1766 41565 hwf1

Wdeoh 714= Glvwdqfh dqg udgldo yhorflw| iru hdfk srlqw wdujhw

ruljlq fdq eh vhohfwhg ru wkh irfxv fdq iroorz d gl�huhqw sodwirup1 Wklv lv xvhixo

li rqh qhhgv wr vhh krz dq remhfw pryhv vhhq uhodwlyh wr vrph sodwirup1

7143 Lqyhvwljdwlqj wkh Jhrphwu| iru hyhu| Sxovh

E| vhohfwlqj Jhrphwu| rq wkh pdlq phqx lw lv srvvleoh wr kdyh d orrn dw wkh

lqwhuqdo yduldeohv xvhg iru hdfk vlpxodwlrq1 Wklv gdwd fdq dovr eh vdyhg lq wh{w

irupdw/ vr wkdw lw fdq eh lpsruwhg lqwr rwkhu gdwd dqdo|vlv surjudpv1 Lw lv dovr

d yhu| xvhixo �ghexjjlqj� wrro1

Wkh sxusrvh ri wklv frppdqg lv wr vkrz wkh uhodwlyh orfdwlrqv dqg glvwdqfhv

ehwzhhq wkh udgdu dqg doo jlyhq srlqw wdujhwv iru hdfk sxovh iru wkh jlyhq vlpxod0

wlrq shulrg1 Dq h{dpsoh zloo foduli| wklv1 Vxssrvh |rx zdqw wr prgho |rxu rzq

+yhu| frpsolfdwhg, sxovh vkdsh dqg zdqw wr xvh Vduvlp rqo| wr gr wkh jhrphwu|

fdofxodwlrqv/ l1h1 glvwdqfh dqg udgldo yhorflw| iru hdfk srlqw wdujhw vhhq e| wkh

udgdu/ wklv lv wkh wrro wr xvh1 Wkh rxwsxw irupdw zloo eh d wdeoh ri wkh jhqhudo

irup vkrzq lq Wdeoh 714

Qrwh wkdw lq Wdeoh 714 rqo| d vpdoo vxevhw ri wkh yduldeohv kdyh ehhq vkrzq1 D

ghwdlohg olvw ri doo yduldeohv lv jlyhq ehorz1

� Sxovh Qr1= Wklv jlyhv hdfk wudqvplwwhg sxovh d xqltxh qxpehu1 Sxovh f

+}hur, zloo dozd|v eh vhqw dw vlpxodwlrq wlph | ' f/ wkh qh{w sxovh zloo eh

� hwf1 Li d vlpxodwlrq h{whqgv ryhu qhjdwlyh wlph/ wkh sxovh qxpehuv zloo

eh qhjdwlyh1
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� Sxovh wudqvplwwlqj wlph +vhfrqgv,= Glvsod|v wkh h{dfw wlph zkhq wkh sxovh

lv wudqvplwwhg +iru h{dpsoh sxovh f zloo eh wudqvplwwhg dw wlph | ' f/ sxovh

� dw wlph | ' SUL/ 2 dw | ' 2� SUL/ dqg vr rq/ dvvxplqj frqvwdqw SULv,1

� Sxovh iuhtxhqf| +JK},= Glvsod|v wkh h{dfw iuhtxhqf| iru hdfk sxovh jlyhq

lq Jljdkhuw}1

� Sodwirup srvlwlrq %c +c 5 +p,= Glvsod|v wkh h{dfw srvlwlrq lq phwhuv iru

hdfk gh�qhg sodwirup dw wkh lqvwdqfh ri wlph zkhuh wkh sxovh zdv vhqw1

Wkh frruglqdwhv duh uhodwlyh wr wkh zruog frruglqdwh v|vwhp1 Qrwh wkdw d

udgdu zloo dozd|v uhvlgh rq wkh ruljlq ri wkh sodwirup/ vr wkh jlyhq srvlwlrq

zloo eh lghqwlfdo wr wkh srvlwlrq ri d udgdu +li dq|, vlwxdwhg rq wklv vshfl�f

sodwirup1

� Sodwirup yhorflw| %c +c 5 +p2v,= Glvsod|v wkh h{dfw yhorflw| lq phwhuv shu

vhfrqg iru hdfk gh�qhg sodwirup dw wkh lqvwdqfh ri wlph zkhuh wkh sxovh

zdv vhqw1 Wkh yhorflw| yhfwru lv uhodwlyh wr wkh zruog frruglqdwh v|vwhp1

� Sodwirup urwdwlrq %c +c 5 +ghjuhhv,= Glvsod|v wkh h{dfw urwdwlrq ri wkh sodw0

irup durxqg wkh � d{hv dw wkh lqvwdqfh ri wlph zkhq wkh sxovh zdv vhqw1

7144 Khos

D voljkwo| prgl�hg yhuvlrq ri wklv hqwluh glvvhuwdwlrq lv dydlodeoh xqghu Khos 2

Frqwhqwv1
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Fkdswhu 8

Vfulsw Ilohv

Wkhuh duh rqo| e frppdqgv xvhg lq wkh vfulsw �ohv/ qdpho|=

41 'WDUJHW

51 'SODWIRUP

61 'UDGDU

71 'VLPXODWLRQ

Diwhu hdfk ri wkhvh frppdqgv/ d vhulhv ri sdudphwhuv qhhg wr eh jlyhq1 Wkh|

fdq eh vhsdudwhg e| vsdfhv ru frppdv1 Wkh qxpehu ri sdudphwhuv ghshqg rq

wkh sdudphwhuv wkhpvhoyhv dqg fdq ydu| frqvlghudeo|1 Wklv dssurdfk kdv ehhq

wdnhq wr surylgh  h{lelolw| li wkh ghvfulswlrqv duh frpsoh{/ dqg wr surylgh ehwwhu

uhdgdelolw| li wkh ghvfulswlrqv duh vlpsoh1 Frpphqwv fdq eh pdgh zlwk dq �$�

+h{fodpdwlrq pdun,> doo wh{w ehklqg lw zloo eh ljqruhg xqwlo wkh qh{w olqh euhdn1

Wkh sdudphwhuv iroorz wkh lqsxw gldorjv forvho|/ vr li wkhuh vkrxog eh dq| grxewv

lw pljkw eh khosixo wr orrn dw wkh fruuhvsrqglqj gldorj1

Wkh rughu lq zklfk wkh remhfwv duh gh�qhg lq d vfulsw �oh lv lpsruwdqw1 Wkh|

vkrxog eh lq wkh iroorzlqj rughu= sodwirupv/ wdujhwv/ udgduv dqg wkhq vlpxodwlrqv1
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814 Xvhu0gh�qhg ixqfwlrqv

Wkh  rzfkduwv iru doo e ixqfwlrqv zloo eh vkrzq1 Vrph ri wkhp frqwdlq d eorfn

fdoohg �Duud| Gh�qlwlrq1� Wkhvh eorfnv frqwdlq gdwd rq xvhu0gh�qhg ixqfwlrqv

dqg wkh  rz gldjudp lv vkrzq ehorz lq Iljxuh 8141 Xs wr wkuhh ixqfwlrqv fdq eh

gh�qhg lq rqh eorfn/ iru h{dpsoh %0/ +0 dqg 50frruglqdwhv yhuvxv wlph1 Iru hdfk

ixqfwlrq dq lqwhusrodwlrq phwkrg qhhgv wr eh vshfl�hg +fxelf/ pdwfkhg0�owhu ru

olqhdu,1

Iljxuh 814= Iorz gldjudp iru xvhu0gh�qhg ixqfwlrq eorfn

Xvhu0gh�qhg ixqfwlrqv fdq eh gh�qhg hlwkhu lqolqh ru yld dq h{whuqdo gdwd �oh1

Lqolqh phdqv wkdw wkh dfwxdo ydoxhv iru wkh ixqfwlrq+v, duh lqfoxghg lq wkh sdud0

phwhu olvw ri wkh frppdqg +frpsdfw vroxwlrq,1 Wklv lv xvhixo li wkhuh duh rqo| d

vpdoo qxpehu ri vdpsohv1 Zlwk d odujhu qxpehu ri vdpsohv lw lv pruh sudfwlfdo

wr xvh h{whuqdo gdwd �ohv1 Lq wklv fdvh lw lv rqo| qhfhvvdu| wr vshfli| wkh �ohqdph1

Wkh �ohv vkrxog eh lq wkh vdph gluhfwru| dv wkh vfulsw �oh1 Qrwh wkdw wkh �ohqdph

vwulqj vkrxog qrw frqwdlq frppdv ru vsdfhv1 Wkh vwuxfwxuh ri wkh gdwd +hlwkhu

lqolqh ru lq d �oh, ghshqgv rq wkh ixqfwlrqv wr eh gh�qhg exw duh ri wkh iroorzlqj

sdwwhuq=

^Qxpehu ri vdpsohv iru ixqfwlrq 4`/ ^[4`/ ^\4`/ ^[5`/ ^\5`/ ^[6`/ ^\6` 1111^[q`^\q`
^Qxpehu ri vdpsohv iru ixqfwlrq 5`/ ^[4`/ ^\4`/ ^[5`/ ^\5`/ ^[6`/ ^\6` 1111^[q`^\q`
^Qxpehu ri vdpsohv iru ixqfwlrq 6`/ ^[4`/ ^\4`/ ^[5`/ ^\5`/ ^[6`/ ^\6` 1111^[q`^\q`

Iluvw wkh qxpehu ri vdpsohv lv jlyhq/ wkhq wkh %0 dqg +0frruglqdwhv iru doo wkh

vdpsohv duh jlyhq/ wkhq lw vwduwv djdlq zlwk wkh qh{w ixqfwlrq +li wkhuh lv rqh,1

7:



Iru h{dpsoh vshfli|lqj wkh sdwk ri d sodwirup qhhgv � ixqfwlrqv/ rqh iru hdfk

frruglqdwh yhuvxv wlph1 Dq h{dpsoh ri dq �LQOLQH� xvhu0gh�qhg wudmhfwru|

ixqfwlrq lv jlyhq ehorz +wkh frpphqwv duh qrw qhfhvvdu|,=

LQOLQH
5 $ Qxpehu ri vdpsohv iru Srvlwlrq [ +p, yv Wlph +v,
04/ 0433 4/ 433
4 $ Qxpehu ri vdpsohv iru Srvlwlrq \ +p, yv Wlph +v,
3/ 43333
4 $ Qxpehu ri vdpsohv iru Srvlwlrq ] +p, yv Wlph +v,
3/ 5333

Wkh htxlydohqw lq d �ILOH� zrxog orrn lghqwlfdo +ljqrulqj wkh frpphqwv,=

$ Gdwd iloh iru = Srvlwlrq [ +p, yv Wlph +v,/ Srvlwlrq \ +p, yv Wlph +v,/ Srvlwlrq ] +p, yv Wlph +v,
$ Vwuxfwxuh = ^Qr1 Vdpsohv` ^Wlph +v, 4` ^Srvlwlrq [ +p, 4` ^Wlph +v, 5` ^Srvlwlrq [ +p, 5` 111
$ ^Qr1 Vdpsohv` ^Wlph +v, 4` ^Srvlwlrq \ +p, 4` ^Wlph +v, 5` ^Srvlwlrq \ +p, 5` 111
$ ^Qr1 Vdpsohv` ^Wlph +v, 4` ^Srvlwlrq ] +p, 4` ^Wlph +v, 5` ^Srvlwlrq ] +p, 5` 111
5
04 0433/ 4 433
4
3 43333
4
3 5333

Iurp wkh jlyhq vdpsohv wkh surjudp zloo lqwhusrodwh wkh uhtxhvwhg ydoxhv dv

vkrzq lq Iljxuh 71451

815 Wkh 'WDUJHW frppdqg

D  rzfkduw ri wkh �'WDUJHW� frppdqg lv vkrzq lq Iljxuh 8151

816 Wkh 'SODWIRUP frppdqg

D  rzfkduw ri wkh �'SODWIRUP� frppdqg lv vkrzq lq Iljxuh 8161
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817 Wkh 'UDGDU frppdqg

Wkh  rzfkduwv ri wkh �'UDGDU� frppdqg duh vkrzq lq Iljxuh 817 dqg lq

Iljxuh 818 +Vsolw xs gxh wr vl}h frqvlghudwlrqv,1

818 Wkh 'VLPXODWLRQ frppdqg

D  rzfkduw ri wkh �'VLPXODWLRQ� frppdqg lv vkrzq lq Iljxuh 8191
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Iljxuh 815= Iorz gldjudp ri wkh 'WDUJHW frppdqg
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Iljxuh 816= Iorz gldjudp ri wkh 'SODWIRUP frppdqg
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Iljxuh 817= Iorz gldjudp ri wkh 'UDGDU frppdqg +4vw sduw,
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Iljxuh 818= Iorz gldjudp ri wkh 'UDGDU frppdqg +5qg sduw,
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Iljxuh 819= Iorz gldjudp ri wkh 'VLPXODWLRQ frppdqg
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Fkdswhu 9

Vduvlp Lqwhuqdov

Lq wklv fkdswhu wkh irupxodv ehklqg Vduvlp zloo eh h{sodlqhg lq ghwdlo1 Wkh

ixqfwlrqv zklfk ghshqg rq hdfk rwkhu zloo eh suhvhqwhg lq rughu ri ghshqghqfh1

914 Jhqhudo Ixqfwlrq dqg Yduldeoh Gh�qlwlrqv

��J ' sxovh qxpehu +lqwhjhu @ 3,

A�J ' wdujhw qxpehu +lqwhjhu @ 3,

�8�J ' sodwirup qxpehu +lqwhjhu @ 3,

s,JJoE%� ' lqwhjhu sduw ri qxpehu

u4L_E%c +� ' wkh uhpdlqghu s / zkhuh % ' @+ns iru vrph lqwhjhu @/ dqg f 	 s 	 +

+prgxoxv,

UrwPdwul{+d4/d5 /d6, @

5
97 frv+d5,frv+d6, 0frv+d5,vlq+d6, vlq+d5,

frv+d4,vlq+d6,.vlq+d4,vlq+d5,frv+d6, frv+d4,vlq+d6,.vlq+d4,vlq+d5,frv+d6, 0vlq+d4,frv+d5,

vlq+d4,vlq+d6,0frv+d4,vlq+d5,frv+d6, vlq+d4,frv+d6,.frv+d4,vlq+d5,vlq+d6, frv+d4,frv+d5,

6
:8
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915 Sxovh Fdofxodwlrqv

Ohw xv dvvxph zh zdqw wr fdofxodwh wkh uhwxuq iru wkh iroorzlqj zlqgrz lq d}lpxwk

dqg vodqw udqjh dv vkrzq lq Iljxuh 9141

AzimuthEnd

AzimuthStart

SlantStart SlantEnd

Increasing Slant Range

In
c
re

a
s
in

g
T

im
e

Pulse x

Pulse x+1

Pulse x+2

Pulse x+3

Pulse x+4

Iljxuh 914= Vlpxodwlrq zlqgrz

Wkh yduldeohvD}lpxwkVwduw dqgD}lpxwkHqg duh jlyhq lq vhfrqgv/ zkloh VodqwVwduw

dqg VodqwHqg duh jlyhq lq phwhuv1

91514 IlqgSxovhVhqgWlph Ixqfwlrq

Wklv ixqfwlrq lv gh�qhg lq hqjlqh1fss1 Lw uhwxuqv wkh wlph +lq vhfrqgv, dw zklfk

wkh jlyhq sxovh lv vhqw +l1h1 wkh ehjlqqlqj ri wkh sxovh,1 Sxovh f lv dozd|v vhqw dw

wlph | ' f1 Iru d frqvwdqw SUI wkh ixqfwlrq lv =

��,re7e?_A�6e '
��,re�J

SUI
+914,

Iru xvhu0gh�qhg SULv/ wkh ixqfwlrq lv pruh frpsolfdwhg1 Wkh voljkwo| prgl�hg

+iru fodulw| uhdvrqv, vrxufh frgh lv jlyhq khuh=

orqj l/IudfSULQr>
grxeoh iudf/ lsduw/ IudfSUL>
grxeoh VxpSUL@3> 22 vxp ri doo ghilqhg SUL*v
22 ilqg vxp ri doo SUL*v ghilqhg +l1h1 SUL3.SUL4.SUL5 hwf1,
iru +l@3>l?q>l..,
VxpSUL .@ SULDuud|^l`>
22 ilqg rxw krz pdq| frpsohwh SUL f|fohv wkhuh duh lq wkh jlyhq
22 SxovhQr +4 f|foh @ vxp ri doo ghilqhg SUL*v,
iudf @ prgi+grxeoh+SxovhQr,2grxeoh+q,/ )lsduw,>
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22 fdofxodwh wkh qxpehu ri uhpdlqlqj SUL*v
IudfSULQr @ orqj+urxqg+iudf - grxeoh+q,,,>
22 li SxovhQr ?3 jrwr wkh qh{w orzhu lqwhjudo wlph +lsduw 0@ 4,
22 dqg dgg srvlwlyh SUL*v iurp wkhuh
li +IudfSULQr ? 3,
IudfSULQr .@ q>
lsduw 0@ 4>
IudfSUL @ 3>
iru +l@3>l?IudfSULQr>l..,
IudfSUL .@ SULDuud|^l`>
uhwxuq +lsduw - VxpSUL . IudfSUL,>

91515 IlqgSxovhvLqUdqjh Ixqfwlrq

Iluvw wkh h{dfw wlph zkhq hdfk sxovh lv vhqw rxw qhhgv wr eh fdofxodwhg1 Wklv lv

lpsruwdqw iru fdofxodwlqj wkh uhodwlyh glvwdqfhv ehwzhhq wkh udgdu dqg wkh srlqw

wdujhwv1 Sxovhv duh qxpehuhg vxfk wkdw sxovh f zloo eh vhqw dw vlpxodwlrq wlph

| ' f/ sxovh � zloo eh vhqw dw wlph | ' 3 n SULdfo/ sxovh 2 zloo eh vhqw dw wlph

| ' 3 n SULdfo. SULd�o hwf1 Qhjdwlyh wlphv +dqg sxovh qxpehuv, duh srvvleoh/

iru h{dpsoh sxovh �� zloo eh vhqw dw wlph | ' 3 � SULd?� �o1 Lq Vduvlp lw lv

srvvleoh wr gh�qh wkh lqwhuydo ehwzhhq dq| wzr sxovhv1 Ohw xv dvvxph wklv gdwd

lv jlyhq lq wkh duud| fdoohg �-U�oo@+d%o/ zkhuh % udqjhv iurp f wr E?� ��/

zkhuh ? lv wkh qxpehu ri gh�qhg SULv1 Wkh duud| zudsv durxqg vxfk wkdw

SULd%o ' �-U�oo@+ d4L_�*�tE%c ?�o1 Qrwh wkdw doo wlphv duh jlyhq lq vhfrqgv1

Iljxuh 915 zloo foduli| zkdw zdv h{sodlqhg deryh1

PRI[0]

Pulse 0

PRI[1]

Pulse 1

PRI[2]

Pulse 2

PRI[3]

Pulse 3

PRI[n-1]

Pulse n-1

PRI[0]

Pulse n

PRI[1]

Pulse n+1

PRI[2]

Pulse n+2

t=0 t=PRI[0] t=PRI[0]+PRI[1] time (seconds)

Iljxuh 915= Wkh �SxovhVhqgWlph�
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Wkhuh duh wzr fdvhv=

41 SUI lv frqvwdqw=

8�or|��,re ' Ui�* E�5�6�|�7|@o| � SUI� +915,

u@r|��,re ' �LLh E�5�6�|�.?_ � SUI� +916,

51 Xvhu0gh�qhg SULv= Wkh ixqfwlrq lv pruh frpsolfdwhg1 Wkh voljkwo| prgl0

�hg +iru fodulw| uhdvrqv, vrxufh frgh lv jlyhq khuh=

orqj l>
22 xvhu ghilqhg SUL
grxeoh VxpSUL@3> 22 vxp ri doo ghilqhg SUL*v
22 ilqg vxp ri doo SUL*v ghilqhg +l1h1 SUL3.SUL4.SUL5 hwf1,
iru +l@3>l?q>l..,
VxpSUL .@ SULDuud|^l`>
22 hvwlpdwh zkdw qxpehu wkh iluvw sxovh zloo kdyh
IluvwSxovh @ +iorru++WlphVwduw 2 VxpSUL,.URXQGHUURU,-q,04>
22 dqg qrz ilqg wkh h{dfw rqh
zkloh +IlqgSxovhVhqgWlph+IluvwSxovh, ? WlphVwduw,
~
IluvwSxovh..>
�
OdvwSxovh @ +iorru++WlphHqg 2 VxpSUL,.URXQGHUURU,-q,04>
zkloh +IlqgSxovhVhqgWlph+OdvwSxovh, ? WlphHqg,
�
OdvwSxovh..>
�
22 ryhuvkrw e| rqh/ vr vxewudfw rqh djdlq
li +-OdvwSxovh A 3, +-OdvwSxovh,00>

91516 IlqgSodwirupSrvlwlrq

Wklv ixqfwlrq �qgv wkh sodwirup srvlwlrq dw d jlyh wlph |1

91517 IlqgSodwirupYhorflw|

Wklv ixqfwlrq �qgv wkh sodwirup yhorflw| dw d jlyh wlph |1

91518 IlqgSodwirupUrwdwlrq

Wklv ixqfwlrq �qgv wkh sodwirup urwdwlrq dw d jlyh wlph |1
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91519 Wkh iuhtxhqf| ri hdfk sxovh

Vlqjoh iuhtxhqf| fdvh=

��,re8oe^d��Jo ' vshfl�hg lq UDGDU gldorj 4 +917,

Vwhsshg iuhtxhqf| fdvh=

��,re8oe^d��Jo ' 7|@o|8oe^

n s,JJo Es6J_

�
��J

8oe^7|eRr � ��,rer�eo8oe^ c �
�

� 8oe^7|eRrn-�L�(.--�-� � 7|eR7�5e +918,

Qrwh wkdw-�L�(.--�- +d vpdoo qxpehu, qhhghg wr eh lqfoxghg wr ryhufrph

urxqglqj sureohpv/ iru h{dpsoh vrphwlphv �2
S
zrxog jlyh 41<<<<<<hwf zklfk lv

lqfruuhfwo| urxqghg wr �1

Xvhu0gh�qhg fdvh=

��,re8oe^d��Jo ' (@|@�oo@+ds6J_d��Joc @oo@+r�5eo +919,

9151: Wkh wlph zkhq hdfk sxovh lv wudqvplwwhg

Frqvwdqw SUI=
��,re7e?_A �6ed��Jo '

��J

�-8
+91:,

Xvhu0gh�qhg SULv=

��,re7e?_A �6ed��Jo ' vhh vrxufh frgh +91;,

9151; Udqjh ghod|

-@?}e(e,@+dA�Jod��Jo '
2 � A@o}e|(�r|

OLJKWbVSHHG � A@o}e|-@_�@,T e,dA�Jod��Jo
+91<,

8<



9151< FdofJhrphwu| Ixqfwlrq

Wklv ixqfwlrq fdofxodwhv wkh vljqdo dpsolwxgh dqg udqjh ghod| iru wkh uhwxuq ri

doo sxovhv dqg srlqw wdujhwv ri lqwhuhvw frqwdlqhg lq wkh vlpxodwlrq zlqgrz1

� Ilqg Iluvwsxovh dqg OdvwSxovh e| xvlqj ixqfwlrq

8�?_��,rerU?-@?}eE�5�6�|�7|@o|c �5�6�|�.?_�

� Fdofxodwh wkh qxpehu ri sxovhv zklfk qhhg wr eh fdofxodwhg=

��,re�J ' Eu@r|��,re� 8�or|��,re� n � +9143,

� Fuhdwh duud| zklfk frqwdlqv wkh wlphv iru zklfk hdfk sxovh lv vhqw=

��,re7e?_A �6ed��Jo ' 8�?_��,re7e?_A �6eE��Jn 8�or|��,re�

+9144,

� Fuhdwh 5G duud|v zklfk frqwdlq wkh srvlwlrq/ yhorflw| dqg urwdwlrq iru doo

sodwirupv iru doo sxovhv=

SodwirupSrv^SIQr`^SQr` ' IlqgS odwirupSrvlwlrq+SIQr/SxovhVhqgW lph^SQr`,

SodwirupYho^SIQr`^SQr` ' IlqgS odwirupYhor flw|+SIQr/SxovhVhqgW lph^SQr`, +9145,

SodwirupUrw^SIQr`^SQr` ' IlqgS odwirupUrwdwlrq+SIQr/SxovhVhqgW lph^SQr`,

� Frpsxwh wkh uhwxuq jdlq idfwru lqghshqghqw ri wlph=

C@�?8@S|Jo '
S

-@_@o3:7|@o|8oe^
� s-@_@o� : �J�eo��|R�|

Ee � Z���D � s-@_@o� : uJrrer
+9146,

zlwk Udgdu0:VwduwIuht ehlqj wkh fhqwuh iuhtxhqf| jlyhq lq K}/ Udgdu0:SrzhuRxwsxw

jlyhq lq Zdww dqg Udgdu0:Orvvhv jlyhq dv d xqlwohvv idfwru1

� Iru d vlqxvrlgdo dqwhqqd wkh jdlq iru d fhuwdlq r�vhw dqjoh fdq eh fdofxodwhg

xvlqj ixqfwlrq 7�?�?|e??@C@�?1
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� Wkh frpelqhg dqwhqqd jdlq lv jlyhq e|
s
�?|e??@C@�?A � �?|e??@C@�?-

zkhuh �?|e??@C@�?A lv wudqvplwwhu dqwhqqd jdlq dqg �?|e??@C@�?- lv

wkh uhfhlyhu dqwhqqd jdlq zklfk fdq eh fdofxodwhg iurp=

DqwhqqdJdlqW @

;A?
A=

4 iru lvrwurs lf dqwhqqdv

V lqDqwhqqdJdlq+R�vhwD}l/D} lE hdpZ lgwkW,

� VlqDqwhqqdJdlq+R� vhwH ohy /H ohyEhdpZ lgwkW , iru vlqxvr lgdo dqwhqqdv

+9147,

� Wkh uhwxuq dpsolwxgh fdq eh fdofxodwhg zlwk wkh irupxod

-e|�o?�6RdA�Jod��Jo '
C@�?8@S|Jo � �?|e??@C@�? � s-�7

A@o}e|(�r|2
+9148,

915143 FdofRqhSxovh Ixqfwlrq

Fklus Prgxodwlrq

Wkh fklus udwh +@ Ghod|Vorsh/ K}2v, lv fdofxodwhg dv iroorzv=

(e,@+7,JRe '
���oR�@?_`�_|�

��,re`�_|�
+9149,

Prqrfkurph Prgxodwlrq

Iru prqrfkurph sxovhv wkh Ghod|Vorsh zrxog eh }hur1

(e,@+7,JRe ' f +914:,

Wkh udqjh ghod| lv wkh wlph +lq vhfrqgv, qhhghg iru wkh sxovh wudyhoolqj iruwk dqg

edfn wr wkh srlqw wdujhw dqg lv jlyhq e|=

-@?}e(e,@+ '
2 � _
S

+914;,

zkhuh _ lv wkh glvwdqfh wr wkh wdujhw lq phwhuv dqg S lv wkh vshhg ri oljkw

+@ 5<<:<5833 p2v,1
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Wkh srvlwlrq ri wkh sxovh uhodwlyh wr wkh wdujhw lv vshfl�hg e|

��,re�e?|oe '

+
f li wkh sxovh lv dw wkh e hjlqq lqj r i wkh s rlqw wdujhw

��,re`�_|�
2

li wkh sxovh lv dw wkh fhqwuh r i wkh s rlqw wdujhw

+914<,

dqg h{sodlqhg lq Iljxuh 9161 Iru uhdo udgduv |rx zrxog uhfhlyh wkh sxovh �diwhu�

wkh srlqw wdujhw orfdwlrq/ krzhyhu iru vlpxodwlrqv lw lv vrphwlphv pruh frqyhqlhqw

wr kdyh wkh srlqw wdujhw lq wkh fhqwuh1 Doo lw uhdoo| phdqv lv wkdw wkh rxwsxw duud|

zloo eh vkliwhg e| kdoi d sxovhzlgwk lq udqjh1

Magnitude

Range

Pulse

PT

Magnitude

Range

Pulse

PT

Iljxuh 916= Srlqw wdujhw dw wkh vwduw ri wkh sxovh dqg dw wkh fhqwuh ri wkh sxovh

Iru wkh iroorzlqj fdofxodwlrqv lw lv dvvxphg wkdw wkh srlqw wdujhw srvlwlrq fru0

uhvsrqgv wr wkh ehjlqqlqj ri wkh sxovh1 D fhuwdlq wlph udqjh qhhgv wr eh vdp0

sohg ghqrwhg e| 7,@?|7|@o|A �6e dqg 7,@?|7|@o|.?_/ erwk phdvxuhg lq vhf0

rqgv1 Wkh vdpsolqj iuhtxhqf| lv sr1 Wkh sxovh lv vlwxdwhg iurp -@?}e(e,@+ wr

-@?}e(e,@+ n ��,re��_|�/ erwk yduldeohv jlyhq lq vhfrqgv1 Wkh wlph d{lv lv

vkliwhg e| dq dprxqw ri
�
-@?}e(e,@+ � �

2
��,re��_|�

�
dv vkrzq lq Iljxuh 917/

vxfk wkdw wkh yduldeoh | jrhv iurp ��
2
��,re��_|� wr n�

2
��,re��_|� ryhu wkh

sxovh udqjh1

Wkh iuhtxhqf| prgxodwlrq +fklus udwh iru fklus sxovhv, fdq eh fdofxodwhg dv=

�J_ ' (e,@+7,JRe � �
2
� |2 +9153,

Iru prqrfkurph sxovhv wklv ydoxh zrxog eh }hur +Ghod|Vorsh @ f,1
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Magnitude

RangeDelay

Pulse

PT
time (s)

SlantStartTime RangeDelay+Pulsewidth

Pulsewidth

-1/2 Pulsewidth +1/2 Pulsewidth

t(s)

0

1/fs

t=(time-RangeDelay)-1/2 Pulsewidth

SlantEndTime

Iljxuh 917= Srvlwlrqlqj ri sxovh lq udqjh

Wkh lqvwdqwdqhrxv iuhtxhqf| ri wkh uhwxuqhg sxovh dw vrph srlqw | +| ' f dw

ehjlqqlqj ri sxovh dv vkrzq lq Iljxuh 917, lv=

8oe^E|� '(e,@+7,JRe � |� ~} �
Prgxodwlrq

�2 �-@_T e,
S

� E8oe^ n(e,@+7,JRe � |�� ~} �
Iuhtxhqf| vkliw gxh wr Grssohu

+9154,

Wkh skdvh ri wkh uhwxuqhg sxovh lv wkh lqwhjudo zlwk uhvshfw wr wlph ri wkh iuh0

txhqf| dqg fdq eh fdofxodwhg dv iroorzv=

��@reE|� ' 2�Z�E �J_�~}�
prgxodwlrq

� E��,re8oe^ �-@?}e(e,@+�� ~} �
skdvh vkliw gxh wr udqjh

�2 �-@_T e,
S

� E8oe^ � |n�J_�� ~} �
skdvh vkliw gxh wr Grssohu

+9155,

8oe^ vwdqgv iru wkh ��,re8oe^d��JodA�Jo dqg vshfl�hv wkh fhqwuh iuhtxhqf| ri

wkdw vshfl�f sxovh vhqw rxw/ -@?}e(e,@+ lv gh�qhg deryh dqg -@_T e, vshfl�hv

wkh udgldo yhorflw| ri wkh wdujhw1

Iurp khuh wkh lqskdvh dqg txdgudwxuh ydoxhv duh fdofxodwhg vlpso| e|=

UE|� ' -e|�o?�6R � ULt E��@reE|�� +9156,

'E|� ' -e|�o?�6R � t�? E��@reE|�� +9157,
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Fkdswhu :

H{dpsoh Ilohv

Ydulrxv h{dpsohv iru gl�huhqw dssolfdwlrqv zloo eh ghvfulehg lq wklv fkdswhu1 Wkh

vfulsw �ohv iru doo h{dpsohv duh dydlodeoh lq wkh H[DPSOHV vxegluhfwru|1

:14 D w|slfdo F0edqg VDU Dssolfdwlrq

Iru wklv VDU dssolfdwlrq d sodqh lv  |lqj lq d vwudljkw olqh dw vrph khljkw ryhu

dq duhd/ zklfk kdv wr eh lqyhvwljdwhg1 Wkh udgdu lv prxqwhg rq wkh sodqh zlwk

d vlghzd|v orrnlqj ehdp1 Wkh vlpxodwlrq �oh fdq eh irxqg dv �vdubu1vfu** lq
wkh �h{dpsohv** gluhfwru|1

Wklv h{dpsoh zloo prgho wkh iroorzlqj vfhqdulr=

D sodqh lv  |lqj dw 2ffp2v sdudooho wr wkh +0d{lv dw d khljkw ri 2fff phwhuv dqg

�f np krul}rqwdo glvwdqfh iurp wkh duhd ri lqwhuhvw dv vkrzq lq Iljxuh :141

D vlghorrnlqj udgdu lv prxqwhg rq wkh sodqh/ wkh ghsuhvvlrq dqjoh ri wkh ehdp lv

���� ghjuhhv1 Wkhuh kdyh ehhq 2e srlqw wdujhwv sodfhg lq dq �U� vkdsh/ h{whqglqj

ryhu 2ff {effp dv vkrzq lq Iljxuh :151

Wkh udgdu sdudphwhuv duh jlyhq lq Wdeoh :141

Iluvw wkh SODQH sodwirup lv fuhdwhg1 Wklv lv grqh e| fuhdwlqj d qhz sodwirup
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a

X

Y

Z

10 km

2 km

200 m/s

Area of
Interest

Iljxuh :14= Jhrphwu| vhwxs

sxovh zdyhirup fklus sxovh

� 433 PK}

sS 816 JK}

AR ;33 qv

SUI 633 K}

�|% 4 nZ

orvvhv qrqh

qrlvh qrqh

ehdpzlgwk 63 ghjuhhv

Wdeoh :14= Udgdu Sdudphwhuv

zlwk wkh qdph �SODQH� dqg gh�qlqj d wudmhfwru| iru lw1 Wkh %0frruglqdwh

ghfuhdvhv olqhduo| e| 2ffp2v/ wkh +0frruglqdwh vwd|v frqvwdqw dw ��ffffp dqg

wkh 50frruglqdwh vwd|v frqvwdqw dw 2fffp1 Wkhuhiruh zh gh�qh wkh iroorzlqj=

� Srvlwlrq % ' �ffp dw wlph @ f v

� Srvlwlrq % ' ��ffp dw wlph @ � v

� Srvlwlrq + ' ��ffffp dw wlph @ f v +rqh srlqw vx!fhv,

� Srvlwlrq 5 ' 2fffp dw wlph @ f v +rqh srlqw vx!fhv,

Wkh sodqh zloo pryh 2ff phwhuv lq � vhfrqg/ ehlqj forvhvw wr wkh hduwk ruljlq dw

f�D vhfrqgv1
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Iljxuh :15= Srlqw wdujhw vhwxs

Wkh qh{w vwhs lv wr fuhdwh wkh udgdu rq wkh SODQH sodwirup/ wkh jlyhq sdudph0

whuv qhhg wr eh hqwhuhg lq wkh gldorjv1

Wkh odvw vwhs zrxog eh wr fuhdwh wkh srlqw wdujhw vhwxs dv vkrzq lq Iljxuh :151 Iru

wklv vhwxs d vlpxodwlrq kdv ehhq vwruhg douhdg| dqg fdq eh uhfdoohg e| vhohfwlqj

Vlpxodwlrq 2 Suhylrxv1 Wkh zlqgrz vkrzq lq Iljxuh :16 zloo dsshdu1

Ehfdxvh wkh uhwxuq vljqdov ri wkh srlqw wdujhwv lqwhuihuh zlwk hdfk rwkhu/ wkh

ruljlqdo U0vkdsh fdqqrw eh vhhq1 Krzhyhu diwhu vdylqj wklv vlpxodwlrq zlqgrz

dqg shuiruplqj udqjh dqg d}lpxwk frpsuhvvlrq rq lw +lq wklv vshfl�f h{dpsoh

wkh Fklus Vfdolqj Dojrulwkp kdv ehhq dssolhg,/ wkh lpdjh fdq eh uhvwruhg dv

vkrzq lq Iljxuh :171 Vrph duwlidfwv dsshdu rq wkh xsshu dqg orzhu erughu gxh

wr wkh idfw wkdw wkh d}lpxwk udqjh vkrxog kdyh fryhuhg pruh wlph1

Wkh vlpxodwlrq vfulsw �oh zloo orrn dv vkrzq lq Iljxuh :181
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Iljxuh :16= Vlpxodwlrq zlqgrz

Iljxuh :17= Lpdjh diwhu surfhvvlqj
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! Radar Simulator SARSIM version B28 (c) 1997 R.L.

EARTH
STATIONARY
0 ! (m) X-Position
0 ! (m) Y-Position
0 ! (m) Z-Position
0 ! (deg) X-axis Rotation
0 ! (deg) Y-axis Rotation
0 ! (deg) Z-axis Rotation
STDDEV
0 ! (m) X-Position standard deviation
0 ! (m) Y-Position standard deviation
0 ! (m) Z-Position standard deviation
STDDEV
0 ! (deg) X-axis Rotation standard deviation
0 ! (deg) Y-axis Rotation standard deviation
0 ! (deg) Z-axis Rotation standard deviation

PLANE
TRAJECTORY
CUBIC
CUBIC
CUBIC
INLINE
2 ! Number of samples for Position X (m) vs Time (s)
0, 100 1, -100
1 ! Number of samples for Position Y (m) vs Time (s)
0, -10000
1 ! Number of samples for Position Z (m) vs Time (s)
0, 2000
NOT_ALIGNED
0 ! (deg) X-axis Rotation
0 ! (deg) Y-axis Rotation
0 ! (deg) Z-axis Rotation
STDDEV
0 ! (m) X-Position standard deviation
0 ! (m) Y-Position standard deviation
0 ! (m) Z-Position standard deviation
STDDEV
0 ! (deg) X-axis Rotation standard deviation
0 ! (deg) Y-axis Rotation standard deviation
0 ! (deg) Z-axis Rotation standard deviation

$PLATFORM

$PLATFORM

$TARGET

$RADAR

$SIMULATION

EARTH ! Platform
0, -100, 0 ! Position X,Y,Z (m)
0, 0, 0 ! Position standard deviation X,Y,Z (m)
1, 0 ! Radar cross section (m*m), RCS std. dev. (m*m)
ISOTROPIC

RADAR1 ! Name of radar
PLANE ! Platform name of radar
CHIRP
0.1 ! (GHz) Chirp bandwidth
800 ! (ns) zero to zero Pulse width
RECT ! Rectangular envelope
CONSTANT ! Constant PRI
300 ! (Hz) Pulse repetition frequency
SINGLE ! Constant frequency
5.3 ! (GHz) Center frequency
1 ! (kW) Power output
0 ! (dB) Total system losses
0 ! (K) Noise temperature
SINX ! Simple sin(x)/x transmitter antenna
30 ! (deg) Elevation beam width
30 ! (deg) Azimuth beam width
SAME ! Same as transmitter antenna
FIXED ! Fixed antenna direction
-11.3 ! (deg) Beam-direction - Elevation
0 ! (deg) Beam-direction - Azimuth
RECT ! Rectangular MF window
NO_STC ! no STC

RADAR1 ! Name of radar
10010 ! (m) Slant range start
10510 ! (m) Slant range end
-0.5 ! (s) Azimuth range start
1.499 ! (s) Azimuth range end
8 ! A/D bit accuracy
0.15 ! (GHz) Sample frequency
1.68257E-07 ! (mV) Least Significant Bit value
ASCII ! Save file format
RAW ! Processing
SIM1.ASC ! File Name of output file

! Size : 600 (Azimuth) x 250 (Slant Range)
BEGIN ! Point Target position relative to pulse

(Many more PTs omitted here .....)

Iljxuh :18= Vkruwhqhg vfulsw �oh iru F0edqg VDU h{dpsoh
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Fkdswhu ;

Frqfoxvlrqv

Wkh udgdu vlpxodwru ghvfulehg lq wklv glvvhuwdwlrq kdv suryhq wr eh h{wuhpho|

xvhixo lq surylglqj vlpxodwhg gdwd xvhg iru VDU surfhvvlqj dssolfdwlrqv/ iru

vwhsshg0iuhtxhqf| surfhvvlqj dssolfdwlrqv dqg dovr iru dlufudiw dqg vkls uhfrjql0

wlrq dqdo|vlv1 Wkh judsklfdo xvhu0lqwhuidfh pdnhv lw hdv| wr xvh/ vlqfh rqh fdq vhh

dqg dqdo|vh wkh uhwxuqhg zdyhirupv ehiruh zulwlqj wkhp wr glvn1 Ixuwkhupruh/

gxh wr h!flhqw surjudpplqj/ lw lv h{wuhpho| idvw/ vlqfh rqo| wkh dssursuldwh

frpsxwdwlrqv +fruuhvsrqglqj wr wkh fxuuhqw vfuhhq uhvroxwlrq, duh h{hfxwhg1

;14 Ixwxuh zrun

Dv zlwk dq| vriwzduh ghyhorshg/ wkhuh lv dozd|v vfrsh iru lpsuryhphqw1 Wkh

iroorzlqj lwhpv duh vxjjhvwlrqv iru ixwxuh zrun=

� Lpsohphqwdwlrq ri vxuidfhv1 Dw wkh prphqw rqo| srlqw wdujhw vlpxodwlrqv

duh srvvleoh/ krzhyhu iru surshu VDU dqg Lqwhuihurphwulf VDU dssolfdwlrqv

lw zrxog eh ri juhdw ehqh�w wr lpsohphqw surshu vxuidfh vlpxodwlrqv1

� Edqgolplwlqj ri uhwxuqhg +dqg wudqvplwwhg, zdyhirupv wr uhgxfh doldvlqj1

Wkhruhwlfdo udgdu sxovhv duh qhyhu wuxo| edqgolplwhg/ gxh wr wkh vkdus
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fxwr�v dw wkh vljqdo erxqgdulhv1 Wklv fdq ohdg wr doldvlqj sureohpv/ hyhq

li wkh uhwxuqhg zdyhirup lv vdpsohg zhoo deryh wkh Q|txlvw udwh1

� Orrnlqj dw d MDYD lpsohphqwdwlrq/ lq rughu wr eh deoh wr glvwulexwh d odujh

vlpxodwlrq ryhu d qxpehu ri pdfklqhv/ dqg wr pdnh wkh vlpxodwru sodwirup

lqghshqghqw/ l1h1 wkh judsklfdo lqwhuidfh lq sduwlfxodu1

� Lqfoxglqj vdwhoolwh hskhphulv sodwirup wudmhfwrulhv/ wr idflolwdwh vsdfheruqh

VDU vlpxodwlrq1

� Vhsdudwh prwlrq vfhqdulr jhqhudwru/ wr surylgh prwlrq �ohv iru udgdu dqg

wdujhwv lq frpsoh{ dlueruqh udgdu hqylurqphqwv1
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Dsshqgl{ D

H{dpsohv iru Vduvlp LL

D14 Lqwurgxfwlrq

Wkh glvfuhwh dqdo|vlv ri udgdu vljqdov/ zklfk duh qrwklqj hovh wkdq hohfwurpdjqhwlf

zdyhv vhqw lq d vshfl�f sdwwhuq/ ghpdqgv yhu| srzhuixo frpsxwhuv1 Wr xqghuwdnh

wkh wdvn ri zulwlqj d vlpxodwru lv dozd|v d frpsurplvh ehwzhhq dffxudf| dqg

h{hfxwlrq wlph1 Pdq| vlpxodwruv kdyh ehhq zulwwhq wr prgho wkh uhwxuq ri

frpsoh{ remhfwv olnh dlufudiw ru vklsv e| dssur{lpdwlqj wkhp e| d odujh qxpehu ri

vxuidfhv1 Dowkrxjk wkhvh vlpxodwlrqv +wdnlqj pxowlsoh uh hfwlrqv lqwr dffrxqw,

jlyh idluo| uhdvrqdeoh dssur{lpdwlrqv iru vlpsoh erglhv/ fdofxodwlrq wlphv duh

xvxdoo| phdvxuhg lq krxuv1

D vkruw ghvfulswlrq ri wkh phwkrgv xvhg lq wklv fdvh zloo eh jlyhq=

Wkh vlpxodwru xvhg khuh prghov wkh uh hfwlyh vxuidfh e| phdqv ri yhu| vpdoo

shuihfw cpluuruv* fdoohg srlqw wdujhwv1 Lq wkhru|/ hyhu|wklqj frxog eh prghoohg e|

dq h{wuhpho| odujh qxpehu ri wkhvh srlqw wdujhwv dqg wkh uh hfwhg vljqdo zrxog

mxvw eh d olqhdu frpelqdwlrq ri wkhvh1 Krzhyhu iru prvw vlpxodwlrq sxusrvhv d

vpdoo qxpehu ri srlqw wdujhwv zloo eh xvhg wr jhw d fohdu slfwxuh ri zkdw wkh

h�hfwv ri fkdqjlqj fhuwdlq frqglwlrqv hqwdlo1

D udgdu lv frqvlghuhg wr eh wkh wudqvplwwhu dqg uhfhlyhu ri hohfwurpdjqhwlf sxovhv1
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Xvxdoo| vkruw exuvwv ri hqhuj| duh wudqvplwwhg lq uhjxodu lqwhuydov dw d fhuwdlq

fduulhu iuhtxhqf|1 Vrphwlphv wkh sxovh lv qrw prgxodwhg +prqrfkurph sxovh,/

krzhyhu pruh riwhq lw lv1 D yhu| frpprq olqhdu iuhtxhqf| prgxodwlrq lv fdoohg

cfklus*1 Wkh sxusrvh ri prgxodwlrq lv wr lqfuhdvh wkh sxovh ohqjwk +ohvv shdn

srzhu uhtxluhg, zlwkrxw vdful�flqj uhvroxwlrq1 Diwhu uhfhswlrq wkh vljqdov duh

pl{hg wr edvhedqg/ lq rwkhu zrugv wkh fduulhu iuhtxhqf| frpsrqhqw lv uhpryhg1

Iru wkh sxusrvh ri wklv vlpxodwru/ wkh rxwsxw zloo dozd|v eh dw edvhedqg/ gxh wr

wkh vlpsoh uhdvrq wkdw vdpsolqj dw w|slfdo fduulhu iuhtxhqflhv zrxog uhtxluh dq

hqruprxv qxpehu ri vdpsohv1 +Lq sudfwlfh wkh vljqdo zrxog eh pl{hg wr vrph

lqwhuphgldwh iuhtxhqf|,1 Wkh vlpxodwru wkhuhiruh fdq rqo| gr vlpxodwlrqv zklfk

uhtxluh edvhedqg vljqdov1

Dv wkh uh hfwhg sxovh zloo eh d uhsolfd ri wkh wudqvplwwhg sxovh +dowkrxjk vfdohg

lq dpsolwxgh dqg vkliwhg lq skdvh,/ wkh vlpxodwru grhv d udwkhu vlpsoh wdvn1 Lw

fdofxodwhv wkh glvwdqfh dqg wkh uhodwlyh udgldo yhorflw| ri doo jlyhq srlqw wdujhwv

dqg frqvwuxfwv d vdpsohg uhwxuq duud| e| dgglqj csxovhv* dw fdofxodwhg srvl0

wlrqv zlwklq wkh duud|1 Srzhu orvvhv lqwurgxfhg e| udqjh dqg dqwhqqd jdlqv duh

wdnhq lqwr dffrxqw1 H�hfwlyho| wkh vlpxodwru wdnhv wkh exughq ri fdofxodwlqj wkh

jhrphwu| vhwxs dw dq| jlyhq wlph1 Iru yhu| vlpsoh vlpxodwlrqv/ wklv pljkw eh

wulyldo/ krzhyhu iru qrq0olqhdu prylqj wdujhwv ru vshfldo dqwhqqd jdlq sdwwhuqv

iru h{dpsoh/ d frpsxwhu vlpxodwlrq lv wkh rqo| sudfwlfdo rswlrq1

Wkh iroorzlqj sdjhv zloo ghvfuleh vlpsoh vfhqdulrv zklfk zloo eh vlpxodwhg1 Wkh

uhvxowv zloo eh yhul�hg e| dssolfdeoh irupxodv1

Wkh qh{w vhfwlrq zloo ghvfuleh wkh xvh ri H{fho/ Pdwode dqg LGO wr ylhz wkh

vlpxodwlrq uhvxowv vdyhg lq wkh DVFLL �ohv1
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D1414 Vlpxodwlrq uhvxowv rq H{fho

Zkhq wkh vlpxodwlrq lv uxq/ wkh udz uhwxuq zloo glvsod| wkh dfwxdo zdyhirup

sxovh dv vkrzq lq Iljxuh D141 Wr vhh wkh lqglylgxdo sxovhv/ hglw wkh udqjh dqg

d}lpxwk ydoxhv lq wkh zlqgrz er{1 Lq wklv h{dpsoh/ wkh vodqw udqjh lv iurp 3 wr

5333 p dqg wkh d}lpxwk udqjh lv iurp 3 wr 418 pv1

Wr ylhz wkh judsk rq Plfurvriw H{fho/ iroorz wkh vwhsv ehorz=

� Vdyh �oh lq DVFLL irupdw +iru wklv h{dpsoh/ wkh OVEzdv 419:8:5��f3SpY,1

� Rshq �oh lq H{fho1 Wkh cWh{w Lpsruw Zl}dug* zlqgrz zloo dsshdu1

� Vhohfw rswlrq cgholplwhg* lq wkh gldorj er{1

� Folfn cQh{w* dqg vhohfw cWde* dqg cVsdfh* lq wkh cGholplwhuv* zlqgrz1

� Folfn cIlqlvk*1

Iljxuh D14= Udz Uhwxuq Zlqgrz
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Iljxuh D15 vkrzv vrph ri wkh ydoxhv rewdlqhg iurp wkh vlpxodwlrq1

Iljxuh D15= H{fho Zrunvkhhw iru Vlpxodwlrq

Wkh vsuhdgvkhhw zloo jlyh d vhulhv ri L dqg T ydoxhv1 Wkh qxpehu ri ydoxhv zloo

ghshqg rq wkh vdpsolqj iuhtxhqf| dqg wkh vodqw udqjh xvhg1 Iru wklv h{dpsoh/

wkh vdpsolqj iuhtxhqf| zdv 53 wlphv wkh Q|txlvw udwh +315 PK}, dqg wkh vodqw

udqjh zdv iurp 3 wr 5333p1 Wkh qxpehu ri ydoxhv rewdlqhg iru rqh vlqjoh sxovh

zdv 861 Wkh pdjqlwxgh/ skdvh dqg vodqw udqjh fdq eh fdofxodwhg iurp wkhvh

ydoxhv dv iroorzv=

Pdjqlwxgh '
s
L2 nT2 +D14,

Skdvh '
�
@|@?

�
T
L

�
� 4;3

Z

�
	 ?Z zkhuh q lv dq lqwhjhu +D15,

Vodqw udqjh '
f
ir

+D16,
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Iljxuh D16 glvsod|v wkh judskv ri Pdjqlwxgh dqg Skdvh djdlqvw Vodqw Udqjh1

Iljxuh D16= Judsk ri Pdjqlwxgh dqg Skdvh djdlqvw Vodqw Udqjh

D1415 Vlpxodwlrq Uhvxowv lq Pdwode

Wkh surjudp wr ylhz wkh pdjqlwxgh ri wkh sxovh lv jlyhq ehorz=

ordg I=_ilohqdph1dvf (ordgv wkh L dqg T ydoxhv iurp wkh DVFLL iloh lqwr d

(pdwul{ fdoohg cilohqdph*

[ @ ilohqdph +=/4,> ([ lv d yhfwru uhsuhvhqwlqj wkh L ydoxhv ri *ilohqdph*

\ @ ilohqdph +=/5,> (\ lv wkh yhfwru uhsuhvhqwlqj wkh T ydoxhv ri

(cilohqdph*

] @ [ . l-\> (] lv d yhfwru ri frpsoh{ qxpehuv

E @ dev+],> (E lv d yhfwru uhsuhvhqwlqj wkh pdjqlwxgh ri ]

n @ ohqjwk+E,> (dvvljqv wkh ohqjwk ri wkh yhfwru wr d yduldeoh n

:8



g@4=n>

Z@+5<<:<58332;H9,-g> (frqyhuwv iurp qxpehu ri sxovhv wr udqjh lq phwhuv

sorw+E+4=n,, (sorwv wkh judsk ri E djdlqvw Z

wlwoh+cJudsk ri Pdjqlwxgh djdlqvw Vodqw Udqjh*, (wlwoh ri judsk

{odeho+cVodqw Udqjh +p,*, (odehoolqj ri {0d{lv

|odeho+cPdjqlwxgh +pY,*, (odehoolqj ri |0d{lv

Wkh judsk lv vkrzq lq Iljxuh D171

Iljxuh D17= Judsk ri Pdjqlwxgh djdlqvw Vodqw Udqjh
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D1416 Vlpxodwlrq Uhvxowv lq LGO

Wkh surjudp wr ylhz wkh Pdjqlwxgh dqg wkh Skdvh ri wkh sxovh lv jlyhq ehorz=

ilohqdph @ *vlp441dvf*

duuohqjwk @ 86 >dvvljqv wkh qxpehu ri ydoxhv lq wkh iloh wr d

>yduldeoh fdoohg duuohqjwk

D @ frpsoh{duu+duuohqjwk, >fuhdwhv dq duud| ri frpsoh{ qxpehuv ri vl}h 86

[ @ iowduu+87, >fuhdwhv dq duud| ri iordwlqj0srlqw qxpehuv

olqh @ cc >fuhdwhv d vwulqj fdoohg *olqh*

uhdosduw @ 313 >lqlwldol}hv wkh uhdo sduw ri wkh frpsoh{ duud|

lpdjsduw @ 313 >lqlwldol}hv wkh lpdjlqdu| sduw ri wkh frpsoh{ duud

Rshqu/ 4/ ilohqdph >rshqv wkh iloh *ilohqdph* iru uhdglqj rqo|

Iru l @ 3/+duuohqjwk 0 4, Gr Ehjlq

uhdgi/ 4/ olqh >uhdgv hdfk olqh ri wkh iloh ilohqdph lqwr wkh

>vwulqj fdoohg *olqh*

uhdgv/ olqh/ uhdosduw/ lpdjsduw >wkh frpsrqhqwv ri wkh olqh lv uhdg lqwr

>yduldeohv *uhdosduw* dqg *lpdjsduw*

D+l, @ frpsoh{+uhdosduw/ lpdjsduw,>vwruhv wkh ydoxhv lqwr wkh frpsoh{ duud|

Hqgiru

Forvh/ 4 >forvhv wkh iloh *ilohqdph*

E @ dev+D, >uhwxuqv wkh pdjqlwxgh

F @ dwdq+lpdjlqdu|+D,/ iordw+D,,>uhwxuqv wkh skdvh

G @ F-8:16 >frqyhuwv wkh skdvh iurp udgldqv wr ghjuhhv

Iru m @ 3/+duuohqjwk, Gr Ehjlq

[+m, @ +5<<:<58332;H9,-m >frqyhuwv wkh qxpehu ri sxovhv lqwr

>udqjh+p,dqg vwruhv wkhp lqwr dq duud|

Hqgiru

::



>Urxwlqh wr sorw wkh judskv ri Pdjqlwxgh dqg Skdvh djdlqvw Vodqw Udqjh

>Lq rughu wr sorw wkh wzr judskv/ zklfk kdyh gliihuhqw plq ydoxhv dqg

>pd{ ydoxhv/ wkh Rsorw dqg \udqjh surfhgxuhv duh xvhg1

Sorw/[/E/\udqjh @ ^0453/483`/ ' >sorwv wkh judsk ri Pdjqlwxgh djdlqvw

>Vodqw Udqjh zlwk wkh udqjh ri wkh \0d{lv

>ehwzhhq +0453/483,

Wlwoh@*Judsk ri Pdjqlwxgh dqg Skdvh djdlqvw Vodqw Udqjh*/' >wlwoh ri wkh judsk

[wlwoh @ *Vodqw Udqjh +p,* >wlwoh iru wkh [0d{lv

\wlwoh @ *Pdjqlwxgh +pY, dqg Skdvh +Ghjuhhv, >wlwoh iru wkh \0d{lv

Rsorw/[/G >sorwv wkh judsk ri Skdvh djdlqvw Vodqw

>Udqjh rq wkh vdph d{hv dv wkh suhylrxv judsk

Hqg

Wkh judsk lv vkrzq lq Iljxuh D181

Iljxuh D18= Judsk ri Pdjqlwxgh dqg Skdvh djdlqvw Vodqw Udqjh
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D15 D vwdwlrqdu| srlqw wdujhw

Wkh sxusrvh ri wklv vlpxodwlrq lv wr ghprqvwudwh=

� wkh skdvh vkliw ri wkh uh hfwhg sxovh gxh wr udqjh ghod|/

� srzhu orvv gxh wr glvwdqfh/

� dqg sxovh frpsuhvvlrq e| xvlqj pdwfkhg �owhuv1

D1514 Vhwxs

Wklv yhu| vlpsoh h{dpsoh frqvlvwv ri d udgdu orfdwhg dw wkh ruljlq dqg d vwdwlrqdu|

srlqw wdujhw rq wkh %0d{lv dw d glvwdqfh ri 4 nlorphwuh11

Wkh udgdu sdudphwhuv duh dv iroorzv=

� Udgdu Srvlwlrq= ruljlq ri wkh cHduwk* frruglqdwh v|vwhp

� Sxovh W|sh= prqrfkurph

� Sxovhzlgwk= AR ' Dfff qv

� Sxovh Uhshwlwlrq Iuhtxhqf|= 4333 K}

� Fduulhu Iuhtxhqf|= 4 JK}

� Rxwsxw Srzhu= 4 nZ

� Wdujhw furvv0vhfwlrq= 4 p2

:<



Iljxuh D19 vkrzv wkh jhrphwulfdo vhwxs ri wkh udgdu dqg wkh srlqw wdujhw1

Iljxuh D19= Jhrphwu| Vhwxs

D1515 Uhvxowv

D w|slfdo vlpxodwlrq zlqgrz lv vkrzq lq Iljxuh D1:1 Vorz wlph +d}lpxwk, lv

suhvhqwhg rq wkh +0d{lv +lqfuhdvlqj iurp erwwrp wr wrs,/ zkloh idvw wlph +vkrzq

dv vodqw udqjh, lv glvsod|hg rq wkh %0d{lv1

Vhyhudo idfwv fdq eh revhuyhg iurp Iljxuh D1:1 Wkh wdujhw lv vwdwlrqdu|/ srvl0

wlrqhg dw 4 np dv vshfl�hg1 Wkh sxovh h{whqgv ryhu :83 p lq udqjh1 Wkh dfwxdo

sxovh ohqjwk lv wzlfh wkdw +S � A� ' �Dff p,/ wkh glvfuhsdqf| lv gxh wr wkh idfw

wkdw wkh udqjh dqg qrw wkh udqjh ghod| lv vkrzq rq wkh %0d{lv1 Lq rwkhu zrugv

wkh wlph vfdoh kdv ehhq glylghg e| d idfwru ri wzr/ dv wkh sxovh kdv wr wudyho edfn

dqg iruwk1 Wkh sxovh uhshwlwlrq lqwhuydo +SUL, lv 4 pv1

Diwhu vdylqj wkh gdwd wkh skdvh dqg pdjqlwxgh ri wkh sxovh fdq eh ghwhuplqhg1

Xvxdoo| gdwd lv vdpsohg zlwk ; elw ru 45 elw dffxudf|1 Iru wklv h{dpsoh ; elwv

zloo eh xvhg1 Wkh ohdvw vljql�fdqw elw ydoxh lv fkrvhq vxfk wkdw wkh vljqdo pdnhv

rswlpxp xvh ri wkh g|qdplf udqjh zlwkrxw vdwxudwlrq rffxuulqj1 +Lq uhdolw|

wkhuh zloo dozd|v eh vrph vdwxudwlrq rffxuulqj gxh wr qrlvh1,

;3



Iljxuh D1:= Pdjqlwxgh djdlqvw Vodqw Udqjh iru Udz Uhwxuq

Iru wkh jlyhq gdwd wkh iroorzlqj ydoxhv zhuh rewdlqhg=

Ohdvw vljql�fdqw elw ydoxh @ ��S.D. � �f3S pY

U ' �2e ' E�2e� �2.� � ��S.D. � �f3S pY @ 0586 >Y +lq0skdvh frpsrqhqw,

' ' ��2� ' E��2���2.����S.D.��f3S pY@ 074819 >Y +txdgudwxuh frpsrqhqw,

Li wkh gdwd lv vdyhg lq elqdu| irupdw dq r�vhw ri E2?3� � �� lv dgghg/ zkhuh ?

vshfl�hv wkh qxpehu ri elwv xvhg1

D1516 Dqdo|vlv

Vdpsolqj vsdflqj

Lq wklv vshfl�f vlpxodwlrq wkh gdwd kdv ehhq vdpsohg dw 53 wlphv wkh Q|txlvw

udwh/ wkhuhiruh sr ' 2f � 2 � �
A�

' H PK}1
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Iru wkh jlyhq udqjh zlqgrz ri 5 np vkrzq lq Iljxuh D1:/ 86 vdpsohv zhuh wdnhq1

Hdfk vdpsoh fruuhvsrqgv wr S
2sr

phwhuv lq udqjh/ zkhuh S ' 2bb.b2Dff p
v
1

Srzhu orvv

Dowkrxjk wkh uhwxuq sxovh lv ri wkh vdph vkdsh dv wkh udgldwhg rqh/ wkh pdjqlwxgh

lv vljql�fdqwo| ohvv wkdq wkh udgldwhg sxovh1 Wkh uhfhlyhg srzhu lv jlyhq e| wkh

iroorzlqj htxdwlrq=

SoeSe��e_ '
S|o@?r6�||e_ �C2 � b2 � j

Ee � Z�� �-e
+D17,

zkhuh

� j ' wdujhw furvv0vhfwlrq

� b ' zdyhohqjwk ri sxovh

� - ' glvwdqfh wr wdujhw

� C ' Dqwhqqd jdlq

Iru wkh jlyhq vfhqdulr wkh uhfhlyhg srzhu zrxog eh=

SoeSe��e_ '
S|o@?r6�||e_ �C2 � b2 � j

Ee � Z�� �-e
+D18,

'
�fff � � � f�2bbH2 � �

Ee � Z�� � �fffe +D19,

' eD�2b�2Sb � �f3�D Z +D1:,

zklfk jlyhv d fruuhvsrqglqj dpsolwxgh +dvvxplqj wkh xeltxlwrxv 4 l uhvlvwru,

ri=

Pdjqlwxgh '
s
SoeSe��e_ ' 2��2H2 � �f3e pY +D1;,
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Wkh vlpxodwhg ydoxh jlyhv d pdjqlwxgh ri
s
U2 n'2 ' 2��2H � �f3e pY/ zklfk

djuhhv zlwk wkh deryh uhvxow1

Skdvh vkliw

Wkh skdvh ri wkh uhwxuq sxovh lv ghwhuplqhg e| wkh zdyhohqjwk dqg wkh glvwdqfh

wr wkh udgdu dqg lv jlyhq e|=

Skdvh ' 2 � Z �
�
�2 � _ � s

S

�
+D1<,

zkhuh S lv wkh yhorflw| ri oljkw dqg _ lv wkh udgdu0wdujhw glvwdqfh1 Dv wkh skdvh

zudsv durxqg hyhu| 5Z udgldqv/ rqo| wkh uhpdlqghu fdq eh ghwhuplqhg1 Iru d

srlqw wdujhw dw d glvwdqfh ri 4333 p=

Skdvh ' 4L_

�
2 � Z �

�
�2 � _ � s

S

�
c 2 � Z

�
+D143,

' 4L_

�
2 � Z �

�
�2 � �fff � �fb

2bb.b2Dff

�
c 2 � Z

�
+D144,

' ���.SD� +D145,

' �f���D _i} +D146,

Wkh vlpxodwlrq ydoxhv jlyh wkh vdph ydoxh= Skdvh ' �Z
2
� @hU|@?E 32e

3�2�
� '

��f��22 _i}1 Wkh voljkw glvfuhsdqf| lv gxh wr wkh ; elw txdqwlvdwlrq ri wkh

vdpsohv1

Udqjh Frpsuhvvlrq

Lq sxovh frpsuhvvlrq/ wkh uhwxuq sxovh iurp wkh udz uhwxuq lv frpsuhvvhg1Wklv

lv dfklhyhg e| xvlqj d pdwfkhg �owhu1 Wkh frqfhsw ri udqjh frpsuhvvlrq zloo eh

h{sodlqhg lq pruh ghwdlo lq wkh iroorzlqj vhfwlrq1
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Wkh fkrlfh ri d udgdu zdyhirup zloo d�hfw udgdu shuirupdqfh lq whupv ri udqjh/

Grssohu/ dqg dqjoh phdvxuhphqwv/ dv zhoo dv wkh v|vwhp*v ghwhfwlrq shuirupdqfh1

Iru h{dpsoh/ d vkruw prqrfkurpdwlf sxovh ri wlphohqjwk |R zloo doorz d uhvroxwlrq

ri

Ur '
S � |R
2

+D147,

Wkhuhiruh/ wdujhwv wkdw duh forvhu lq glvwdqfh wkdq Ur fdqqrw eh hdvlo| �uhvroyhg�

ru vhsdudwhg/ ehfdxvh wkh uhwxuqv zloo ryhuods1 Wkh lpsruwdqw sdudphwhu iru

udqjh uhvroxwlrq lv edqgzlgwk> wkxv/ d prqrfkurph sxovh kdv dq h�hfwlyh edqg0

zlgwk ER ' �
|R
1 Wkh h�hfwlyh edqgzlgwk iru d prqrfkurph sxovh zdyhirup lv

wkh edqgzlgwk ri wkh sxovh vshfwuxp1 E| pdnlqj d sxovh vkruwhu/ ru wkh h�hfwlyh

edqgzlgwk odujhu/ udqjh uhvroxwlrq lv lpsuryhg1 Krzhyhu/ wkh dprxqw ri hqhuj|

frqwdlqhg lq wkh sxovh glplqlvkhv dv wkh sxovh vkruwhqv1

Lpsuryhg ghwhfwlrq lv dfklhyhg e| surshu �owhulqj ru surfhvvlqj ri wkh uhfhlyhg

vljqdo1 Wkh xvh ri d pdwfkhg �owhu rswlplvhv shuirupdqfh lq wkh suhvhqfh ri

zklwh/ Jdxvvldq qrlvh1 Wkh uhwxuq sxovh lv frqyroyhg zlwk d frqmxjdwh uhsolfd ri

lwvhoi1 Vlqfh wkh sxovh lv uhfwdqjxodu lq vkdsh/ d frqyroxwlrq zlwk lwvhoi zloo jlyh

d wuldqjxodu sxovh1

Dv fdq eh vhhq iurp Iljxuh D1;/ wkh uhvxowdqw sxovh lv wuldqjxodu lq vkdsh1 Vlqfh

udqjh0frpsuhvvlrq lv frpsxwdwlrqdoo| lqwhqvlyh/ wkh vdpsolqj udwh fdq eh vhw1

Xvlqj orz ydoxhv iru wkh vdpsolqj udwh +ohvv wkdq wkh Q|txlvw iuhtxhqf|, vkrxog

eh dyrlghg gxh wr doldvlqj1 Lq wklv h{dpsoh/ wkh vdpsolqj udwh xvhg lv d kxqguhg

+433, wlphv wkh Q|txlvw iuhtxhqf|1 Lw lv wr eh qrwhg wkdw qhlwkhu wkh pdjqlwxgh

qru wkh skdvh fkdqjhv zkhq wkh uhwxuq sxovh lv udqjh frpsuhvvhg1

Wkh lpsruwdqfh ri sxovh frpsuhvvlrq zloo eh ghprqvwudwhg lq pruh ghwdlo lq wkh

qh{w h{dpsoh1
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Iljxuh D1;= Pdjqlwxgh djdlqvw Vodqw Udqjh iru Udqjh Frpsuhvvlrq

D16 D prylqj srlqw wdujhw

Wkh suhylrxv vlpxodwlrq ghprqvwudwhg �{hg srlqw wdujhwv1 Iru wklv vlpxodwlrq

wkh wdujhw zloo pryh uhodwlyh wr wkh udgdu1 Wkh sxusrvh lv wr ghprqvwudwh=

� prylqj srlqw wdujhwv

� fklus prgxodwlrq

� pdwfkhg �owhuv

� udqjh uhvroxwlrq

� Grssohu iuhtxhqf| vkliw

� dqg wkh frqfhsw ri prylqj sodwirupv1

D sodwirup lv d frqyhqlhqw zd| ri jurxslqj wdujhwv/ zklfk duh qrw prylqj uhodwlyh

wr hdfk rwkhu/ wrjhwkhu1 Wkhlu srvlwlrq dqg yhorflw| fdq wkhq eh vhw e| mxvw

gh�qlqj wkh wudmhfwru| ri wkdw vshfl�f sodwirup1
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D1614 Vhwxs

Wkh udgdu sdudphwhuv duh dv iroorzv=

� Udgdu srvlwlrq= ruljlq ri wkh cHduwk* frruglqdwh v|vwhp

� Sxovh W|sh= fklus

� Edqgzlgwk= 314 JK}

� Sxovhzlgwk/ AR= 5833 qv

� Sxovh Uhshwlwlrq Iuhtxhqf|= 4 nK}

� Fduulhu Iuhtxhqf|= 318 JK}

� Rxwsxw srzhu= 4 nZ

� Wdujhw Furvv0vhfwlrq= 4 p2

Wkhuh duh wzr wdujhwv wkdw duh ; phwhuv dsduw1 Wkh| kdyh ehhq jurxshg rq d

sodwirup dqg wkh sdudphwhuv iru wkh sodwirup duh=

� % @ 633 p dqg prylqj dw d vshhg ri 83 pv3� lq wkh %0gluhfwlrq

� + @ 3

� 5 @ 31

Wkh jhrphwulfdo vhwxs lv jlyhq lq Iljxuh D1<1

D1615 Uhvxowv

Udz Uhwxuq

Wkh sxovh w|sh xvhg lq wklv h{dpsoh lv d fklus sxovh1 Iru fklus zdyhirupv/ wkh

iuhtxhqf| if lv qrw nhsw frqvwdqw wkurxjkrxw wkh sxovh/ exw lv olqhduo| prgxodwhg

iurp if wr Eif n{i�1 {i fdq eh srvlwlyh +xs fklus, ru qhjdwlyh +grzq fklus,1
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Iljxuh D1<= Jhrphwu| Vhwxs

Wkh uhvxow lv d zdyhirup zklfk kdv d edqgzlgwk wkdw lv lqghshqghqw ri wkh sxovh

ohqjwk WR1 Wkxv/ d sxovh zlwk odujh WR dqg odujh � fdq eh frqvwuxfwhg1 Wkh

uhdvrq iru xvlqj d fklus zdyhirup/ lv wr kdyh d kljk hqhuj| sxovh zklfk lqfuhdvhv

wkh udqjh uhvroxwlrq fdsdelolw| ri wkh udgdu1 Wkh wudqvplw zdyhirup lv jhqhudwhg

zlwk d iuhtxhqf| yhuvxv wlph grpdlq zdyhirup dv vkrzq lq Iljxuh D1431

Iljxuh D143= Iuhtxhqf| djdlqvw wlph grpdlq zdyhirup
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Iljxuh D144 vkrzv wkh udz uhwxuq iru wkh vlpxodwlrq +rqo| rqh sxovh lv vkrzq khuh

iru fodulw|,1 Gxh wr wkh idfw wkdw wkhuh duh wzr wdujhwv wkdw duh forvh wrjhwkhu/ lw

lv yhu| gl!fxow wr vhsdudwh wkh wzr wdujhwv iurp hdfk rwkhu1 Wkh uhfhlyhg sxovh

frqvlvwv ri wkh uhwxuq sxovh iurp wkh wzr wdujhwv lqwhuihulqj zlwk hdfk rwkhu1

Iljxuh D144= Vlpxodwlrq Zlqgrz iru Uhdo Sduw ri Udz Uhwxuq

Udqjh Frpsuhvvlrq

Lq rughu wr eh deoh wr glvwlqjxlvk ehwzhhq wkh wzr wdujhwv/ udqjh frpsuhvvlrq lv

xvhg1 Wklv lv vkrzq lq Iljxuh D1451 Iurp wkh �jxuh/ lw fdq eh vhhq wkdw wkh �uvw

wdujhw lv dw 633 p dqg wkh vhfrqg rqh lv dw 63; p1

Wkh wkhruhwlfdo uhvroxwlrq ri wkh udgdu lv ghwhuplqhg e| wkh xvlqj wkh iroorzlqj

htxdwlrq=

{-r '
S

2 �� +D148,

zkhuh � @ edqgzlgwk ri wkh fklus sxovh1

Iru wkh jlyhq edqgzlgwk ri 433 PK}/ wkh uhvroxwlrq zloo eh 418 phwhuv1

;;



Iljxuh D145= Pdjqlwxgh ri Vljqdo diwhu Udqjh Frpsuhvvlrq

Skdvh Vkliw

Wkh �uvw uhwxuq ri wkh �uvw < sxovhv +wkh �uvw sxovh lv vhqw dw wlph | ' f vhfrqgv,

zhuh vdpsohg +diwhu udqjh frpsuhvvlrq,/ dqg wkh fruuhvsrqglqj skdvh ydoxhv duh

vkrzq lq Iljxuh D1461 Dv wkh sodwirup lv prylqj lqwr srvlwlyh %0gluhfwlrq/ wklv

zloo lqwurgxfh d skdvh vkliw ri wkh uhwxuq duud| iru hyhu| sxovh1 Wkh SUI @ 4

nK}/ wkhuhiruh wkh wdujhw zloo pryh 3138 p2sxovh1 Wklv fruuhvsrqgv wr d skdvh

vkliw ri 2 � Z �32u_
b

�
' ���fe.2 udgldqv/ dv yhul�hg lq Iljxuh D1461 Srlqw wdujhwv

4 dqg 5 duh srvlwlrqhg dw 633 p dqg 63; p uhvshfwlyho| dw wlph | ' f vhfrqgv1

D17 Vhdufk Udgdu

Wklv h{dpsoh frqvlvwv ri d urwdwlqj dqwhqqd ehdp zlwk d fhuwdlq dqwhqqd jdlq

sdwwhuq dq d vlqjoh srlqw wdujhw1 D phdvxuh ri wkh delolw| ri dq dqwhqqd wr

frqfhqwudwh hqhuj| lq d sduwlfxodu gluhfwlrq lv fdoohg wkh jdlq1 Wzr gl�huhqw/ exw

uhodwhg/ gh�qlwlrqv ri dqwhqqd jdlq duh wkh gluhfwlyh jdlq dqg wkh srzhu jdlq1

Wkh gluhfwlyh jdlq lv ghvfulswlyh ri wkh dqwhqqd sdwwhuq1

;<
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Iljxuh D146= Skdvh vkliw

Wkh gluhfwlyh jdlq ri d wudqvplwwlqj dqwhqqd lv gh�qhg dv wkh udwlr

C( '
pd{lpxp udgldwlrq lqwhqvlw|
dyhudjh udgldwlrq lqwhqvlw|

+D149,

Wkh udgldwlrq lqwhqvlw| lv wkh srzhu shu xqlw vrolg dqjoh lq wkh gluhfwlrq +#c ", dqg

lv ghqrwhg e| S+#c ",1 Wkh wzr0dqjoh frruglqdwhv frpprqo| xvhg zlwk jurxqg0

edvhg dqwhqqdv duh d}lpxwk dqjoh # dqg hohydwlrq dqjoh "1

D vlpsoh dssur{lpdwlrq wr w|slfdo dqwhqqd jdlq sdwwhuqv lv wkh t�?E%�
%

vkdsh1 Wklv

fdq eh dqdo|wlfdoo| fdofxodwhg e| frqvlghulqj wkh fxuuhqw glvwulexwlrqv dfurvv d

flufxodu dshuwxuh1 Wkh srzhu udgldwlrq sdwwhuq lv d
�

t�?E%�
%

�2

sdwwhuq1 Ilj0

xuh D147 vkrzv dq h{dpsoh iru d ehdpzlgwk ri 43 ghjuhhv1

Wkh kdoi0srzhu srlqwv zrxog eh dw dq r�vhw ri 8 ghjuhhv r� wkh ehdp fhqwuh1

Wkh dpsolwxgh jdlq lv fdofxodwhg e|=

Jdlq '
t�?E%�

%
c % ' f�HH � Z � vlqEw�

Ehdpzlgwk
+D14:,
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Iljxuh D147= Pdjqlwxgh jdlq sdwwhuq iru d ehdpzlgwk ri 43 ghjuhhv

D1714 Vhwxs

Wklv h{dpsoh frqvlvwv ri d vhdufk udgdu dqg d vwdwlrqdu| srlqw wdujhw1Wkh vlpx0

odwlrq sdudphwhuv iru wkh udgdu duh dv iroorzv=

� Prqrfkurph sxovh prgxodwlrq/ sxovhzlgwk 8333 qv

� Sxovh uhshwlwlrq iuhtxhqf|= 733 K}

� Fduulhu iuhtxhqf|= 4 JK}

� Rxwsxw srzhu= 4 nZ

� t�?E%�*% wudqvplwwhu dqwhqqd jdlq/ hohydwlrq ehdpzlgwk 63 ghjuhhv/ d}0

lpxwk ehdpzlgwk 4 ghjuhhv

� Urwdwlrq udwh 57 ghj2v/ ehdp hohydwlrq dqjoh 63 ghjuhhv

� Wdujhw r�vhw = % @ 4333 p/ + @ 4333 p/ 5 @ ;49 p +glvwdqfh @ 49651:7 p,
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Iljxuh D148= Jhrphwu| vhwxs

D1715 Uhvxowv

Wkh wudqvplwwhu dqwhqqd jdlq sdwwhuq lv d vlpsoh t�?E%�
%

/ wkh srzhu udgldwlrq

sdwwhuq ri wkh uhwxuq sxovh lv d
�

t�?E%�
%

�2

1 Dv fdq eh vhhq iurp Iljxuh D149/ wkh

uhwxuq sxovh kdv d pdlqoreh dqg vlghorehv ri ghfuhdvlqj pdjqlwxgh1

Srzhu Orvv

Wkh wudqvplwwhg srzhu lv 4 nZ dqg wkh uhfhlyhg srzhu dw wkh ehdp fhqwuh lv

fdofxodwhg dv iroorzv=

SoeSe��e_ '
S|o@?r6�||e_ �C2 � b2 � j

Ee � Z�� �-e
+D14;,

'
�fff � � � f�2bbH2 � �
Ee � Z�� � E�S�2�.eD�e +D14<,

' S��.�2e � �f3�D Z +D153,

Pdjqlwxgh '
s
SoeSe��e_ ' .�bH�� � �f3D pY +D154,
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Iljxuh D149= Judsk ri Pdjqlwxgh djdlqvw Vdpsoh Qxpehu iru Udz Uhwxuq

Wkh ydoxh rewdlqhg iurp wkh vlpxodwlrq lv .�b.�.S � �f3D pY1

Skdvh Fdofxodwlrq

Wkh E%c +c 5� frruglqdwhv iru wkh wdujhw duh +4333/ 4333/ ;49,1

Wkh glvwdqfh ri wkh wdujhw iurp wkh udgdu lv _ ' �S�2�.eeb2H p/ s ' � JK} dqg

S ' 2bb.b2Dff pv3�1

��@re ' 4L_

�
2 � Z �

�
�2 � _ � s

S

�
c 2 � Z

�
+D155,

� �Z +D156,

Wkh skdvh lv ��Hf ghjuhhv dqg iurp wkh vlpxodwlrq ydoxhv/ lw fdq eh vhhq wkdw

wkh T ydoxhv duh doo }hur dqg wkh L ydoxhv duh qhjdwlyh1
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D1716 Udqjh Frpsuhvvlrq

Wkh udqjh frpsuhvvlrq uhvxow lv vkrzq lq Iljxuh D14:1 Wklv zdv rewdlqhg e|

frqyroylqj wkh udz uhwxuq sxovh zlwk d frqmxjdwh uhsolfd ri lwvhoi1

Uhvroxwlrq

Wkh wkhruhwlfdo uhvroxwlrq ri wkh udgdu lv

{-r '
S

2 �� '
2bb.b2Dff � AR

2
' .eb�D +D157,

Iljxuh D14:= Pdjqlwxgh djdlqvw Vdpsoh Qxpehu iru Udqjh Frpsuhvvlrq1

Wkh gl�huhqfh ehwzhhq wkh pdlqoreh dqg wkh �uvw vlghoreh ohyhov lv 4618 gE1 Zlwk

�owhulqj/ wkh vlghorehv fdq eh uhgxfhg dw wkh h{shqvh ri uhvroxwlrq1
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Dsshqgl{ E

Vriwzduh Vrxufh Frgh

Wkh Vduvlp5 h{hfxwdeoh dqg wkh fruuhvsrqglqj vrxufh frgh kdv ehhq zulwwhq rq

d FG dqg lv hlwkhu dwwdfkhg wr wklv glvvhuwdwlrq/ ru fdq eh rewdlqhg iurp wkh

Udgdu Uhprwh Vhqvlqj Jurxs dw XFW1
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Eleolrjudsk|

^4` V1 U1 M1 D{hovvrq1 Iuhtxhqf| dqg D}lpxwkdo Yduldwlrqv ri Udgdu Furvv Vhf0

wlrq dqg Wkhlu Lq xhqfh Xsrq Orz0Iuhtxhqf| VDU Lpdjlqj1 LHHH Wudqv0

dfwlrqv rq Jhrvflhqfh dqg Uhprwh Vhqvlqj/ 66+8,=458;�4598/ Vhswhpehu

4<<81

^5` U1 K1 Fodunh dqg M1 Eurzq1 Gl�udfwlrq Wkhru| dqg Dqwhqqdv1 Hoolv Kruzrrg

Olplwhg/ Fklfkhvwhu/ 4<;31

^6` M1 F1 Fuhvsr1 Wkh H{whqghg Fklus Vfdolqj Surfhvvru iru wkh H{shulphqwdo

VDU V|vwhp ri GOU/ H0VDU1 Lq Surf1 Hxurshdq Frqihuhqfh rq V|qwkhwlf

Dshuwxuh Udgdu/ HXVDU*<9/ sdjhv 686�689/ Nùqljvzlqwhu/ Jhupdq|/ Pdufk

4<<91 YGH0Yhuodj JPEK/ Ehuolq dqg R�hqedfk1

^7` L1 Fxpplqj/ I1 Zrqj/ dqg N1 Udqh|1 D VDU Surfhvvlqj Dojrulwkp zlwk qr

Lqwhusrodwlrq1 Lq Surf1 LHHH Jhrvfl1 Uhprwh Vhqvlqj V|ps1/ LJDUVV*<5/

sdjhv 6:9�6:</ Fohdu Odnh/ W[/ Pd| 4<<51

^8` M1 F1 Fxuodqghu dqg U1 Q1 PfGrqrxjk1 V|qwkhwlf Dshuwxuh Udgdu V|vwhpv

dqg Vljqdo Surfhvvlqj1 Mrkq Zloh| dqg Vrqv/ Qhz \run/ Fklfkhvwhu/ Eulv0

edqh/ Wrurqwr/ Vlqjdsruh/ 4<<41

^9` J1 Z1 Gdylgvrq/ I1 Zrqj/ dqg L1 Fxpplqj1 Wkh H�hfw ri Sxovh Skdvh

Huuruv rq wkh Fklus Vfdolqj VDU Surfhvvlqj Dojrulwkp1 LHHH Wudqvdfwlrqv

rq Jhrvflhqfh dqg Uhprwh Vhqvlqj/ 67+5,=7:4�7:;/ Pdufk 4<<91

^:` F1 Hodfkl1 Vsdfheruqh Udgdu Uhprwh Vhqvlqj= Dssolfdwlrqv dqg Whfkqltxhv1

Wkh Lqvwlwxwh ri Hohfwulfdo dqg Hohfwurqlfv Hqjlqhhuv/ Lqf1/ Qhz \run/ 4<;;1
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^;` M1 S1 Ilwfk1 V|qwkhwlf Dshuwxuh Udgdu1 Vsulqjhu0Yhuodj/ Qhz \run/ 4<;;1

^<` J1 V1 Jloo1 Vwhs Iuhtxhqf| Zdyhirup Ghvljq dqg Surfhvvlqj iru Ghwhfwlrq

ri Prylqj Wdujhwv lq Foxwwhu1 Lq Surfhhglqjv ri wkh LHHH 4<<8 Lqwhuqdwlrqdo

Udgdu Frqihuhqfh/ UDGDU*<8/ sdjhv 8:6�8:;/ Doh{dqguld/ Ylujlqld/ Pd|

4<<81

^43` V1 D1 Krydqhvvldq1 Udgdu V|vwhp Ghvljq dqg Dqdo|vlv1 Duwhfk Krxvh/

Qruzrrg/ PD 35395/ 4<;71

^44` \1 Kxdqj/ ]1 Pd/ dqg V1 Pdr1 Vwhsshg0iuhtxhqf| VDU V|vwhp Ghvljq

dqg Vljqdo Surfhvvlqj1 Lq Surf1 Hxurshdq Frqihuhqfh rq V|qwkhwlf Dshuwxuh

Udgdu/ HXVDU*<9/ sdjhv 898�89;/ Nùqljvzlqwhu/ Jhupdq|/ Pdufk 4<<91

YGH0Yhuodj JPEK/ Ehuolq dqg R�hqedfk1

^45` Z1 Kxjkhv/ N1 Jdxow/ dqg J1 M1 Sulqf}1 D Frpsdulvrq ri wkh Udqjh0

Grssohu dqg Fklus Vfdolqj Dojrulwkpv zlwk uhihuhqfh wr UDGDUVDW1 Lq

Surf1 LHHH Jhrvfl1 Uhprwh Vhqvlqj V|ps1/ LJDUVV*<9/ yroxph 5/ sdjhv

4554�4556/ Olqfroq/ Qheudvnd/ Mxqh 4<<91

^46` P1 U1 Lqjjv1 Wkh VDVDU YKI Vhqvru1 Lq Surf1 Hxurshdq Frqihuhqfh rq

V|qwkhwlf Dshuwxuh Udgdu/ HXVDU*<9/ sdjhv 64:�653/ Nùqljvzlqwhu/ Jhu0

pdq|/ Pdufk 4<<91 YGH0Yhuodj JPEK/ Ehuolq dqg R�hqedfk1

^47` P1 U1 Lqjjv/ M1 Kxuzlw}/ dqg D1 Odqjpdq1 V|qwkhwlf Udqjh Sur�oh Phdvxuh0

phqwv ri Dlufudiw1 Lq LHHH Surfhhglqjv ri wkh 4<<6 Vrxwk Diulfdq Frppx0

qlfdwlrqv dqg Vljqdo Surfhvvlqj V|psrvlxp/ FRPVLJ*<6/ sdjhv 537�53</

Vhswhpehu 4<<61

^48` P1 U1 Lqjjv/ D1 Nqljkw/ dqg S1 Vplw1 V|qwkhwlf Udqjh Sur�oh Phdvxuhphqwv

zlwk d Sxovh Frpsuhvvlrq Udgdu1 Lq LHHH Surfhhglqjv ri wkh 4<<5 Vrxwk

Diulfdq Frppxqlfdwlrqv dqg Vljqdo Surfhvvlqj V|psrvlxp/ FRPVLJ*<5/

sdjhv :�43/ Fdsh Wrzq/ Vrxwk Diulfd/ Vhswhpehu 4<<51

^49` P1 U1 Lqjjv dqg U1 W1 Orug1 VUS Skdvh YL Vwdwxv Uhsruw1 Whfkqlfdo uhsruw/

Xqlyhuvlw| ri Fdsh Wrzq/ Udgdu Uhprwh Vhqvlqj Jurxs/ Iheuxdu| 4<<91

<:



^4:` P1 U1 Lqjjv/ P1 Z1 ydq ]|o/ dqg D1 Nqljkw1 D Vlpxodwlrq ri V|qwkhwlf Udqjh

Sur�oh Udgdu1 Lq LHHH Surfhhglqjv ri wkh 4<<5 Vrxwk Diulfdq Frppxql0

fdwlrqv dqg Vljqdo Surfhvvlqj V|psrvlxp/ FRPVLJ*<5/ sdjhv 4�9/ Fdsh

Wrzq/ Vrxwk Diulfd/ Vhswhpehu 4<<51

^4;` M1 D1 Ohjj/ D1 J1 Erowrq/ dqg G1 D1 Jud|1 VDU Prylqj Wdujhw Ghwhf0

wlrq xvlqj d Qrqxqlirup SUL1 Lq Surf1 Hxurshdq Frqihuhqfh rq V|qwkhwlf

Dshuwxuh Udgdu/ HXVDU*<9/ sdjhv 756�759/ Nùqljvzlqwhu/ Jhupdq|/ Pdufk

4<<91 YGH0Yhuodj JPEK/ Ehuolq dqg R�hqedfk1

^4<` U1 W1 Orug dqg P1 U1 Lqjjv1 Kljk Uhvroxwlrq YKI VDU Surfhvvlqj Xvlqj

V|qwkhwlf Udqjh Sur�olqj1 Lq Surf1 LHHH Jhrvfl1 Uhprwh Vhqvlqj V|ps1/

LJDUVV*<9/ yroxph 4/ sdjhv 787�789/ Olqfroq/ Qheudvnd/ Mxqh 4<<91

^53` U1 W1 Orug dqg P1 U1 Lqjjv1 Kljk Udqjh Uhvroxwlrq Udgdu xvlqj Qduurz0

edqg Olqhdu Fklusv r�vhw lq Iuhtxhqf|1 Lq LHHH Surf1 ri wkh Vrxwk Diulfdq

V|ps1 rq Frppxqlfdwlrqv dqg Vljqdo Surfhvvlqj/ FRPVLJ*<:/ sdjhv <�45/

Judkdpvwrzq/ Vrxwk Diulfd/ Vhswhpehu 4<<:1

^54` U1 W1 Orug dqg P1 U1 Lqjjv1 Kljk Uhvroxwlrq VDU Surfhvvlqj Xv0

lqj Vwhsshg0Iuhtxhqflhv1 Lq Surf1 LHHH Jhrvfl1 Uhprwh Vhqvlqj V|ps1/

LJDUVV*<:/ yroxph 4/ sdjhv 7<3�7<5/ Vlqjdsruh/ Dxjxvw 4<<:1

^55` M1 Plwwhupd|hu/ U1 Vfkhlehu/ dqg D1 Pruhlud1 Wkh H{whqghg Fklus Vfdolqj

Dojrulwkp iru VfdqVDU Gdwd Surfhvvlqj1 Lq Surf1 Hxurshdq Frqihuhqfh rq

V|qwkhwlf Dshuwxuh Udgdu/ HXVDU*<9/ sdjhv 84:�853/ Nùqljvzlqwhu/ Jhu0

pdq|/ Pdufk 4<<91 YGH0Yhuodj JPEK/ Ehuolq dqg R�hqedfk1

^56` V1 Preoh| dqg P1 Pdlhu1 V|qwkhwlf Dshuwxuh Udgdu0V|vwhpv Surfhvvlqj

zlwk d Qrq0Xqlirup Sxovh Uhshwlwlrq Lqwhuydo1 Lq Surf1 Hxurshdq Frqihu0

hqfh rq V|qwkhwlf Dshuwxuh Udgdu/ HXVDU*<9/ sdjhv 73:�743/ Nùqljvzlq0

whu/ Jhupdq|/ Pdufk 4<<91 YGH0Yhuodj JPEK/ Ehuolq dqg R�hqedfk1

^57` D1 Pruhlud/ M1 Plwwhupd|hu/ dqg U1 Vfkhlehu1 Surfhvvlqj ri VDU dqg

VfdqVDU Lpdjlqj Prghv xvlqj wkh H{whqghg Fklus Vfdolqj Dojrulwkp1 Lq

Surf1 Hxurshdq Frqihuhqfh rq V|qwkhwlf Dshuwxuh Udgdu/ HXVDU*<;/ sdjhv

<;



88:�893/ Iulhgulfkvkdihq/ Jhupdq|/ Pd| 4<<;1 YGH0Yhuodj JPEK/ Ehuolq

dqg R�hqedfk1

^58` D1 Y1 Rsshqkhlp1 Dssolfdwlrqv ri Gljlwdo Vljqdo Surfhvvlqj1 Suhqwlfh0Kdoo/

Hqjohzrrg Fol�v/ QM/ 4<:;1

^59` D1 G1 Urelqvrq dqg P1 U1 Lqjjv1 Fruuhodwlrq Ilowhuv Dssolhg wr V|qwkhwlf

Udqjh Sur�ohv ri Dlufudiw Wdujhwv1 Lq LHHH Surf1 ri wkh Vrxwk Diulfdq

V|ps1 rq Frppxqlfdwlrqv dqg Vljqdo Surfhvvlqj/ FRPVLJ*<7/ Rfwrehu

4<<71

^5:` K1 Uxqjh dqg U1 Edpohu1 D qryho kljk suhflvlrq VDU irfxvvlqj dojrulwkp

edvhg rq fklus vfdolqj1 Lq Surf1 LHHH Jhrvfl1 Uhprwh Vhqvlqj V|ps1/

LJDUVV*<5/ sdjhv 6:5�6:8/ Fohdu Odnh/ W[/ Pd| 4<<51

^5;` R1 Vhjhu/ P1 Khuehuwkvrq/ dqg K1 Khoovwhq1 Uhdo Wlph VDU Surfhvvlqj ri

Orz Iuhtxhqf| XowudZlgh Edqg Udgdu Gdwd1 Lq Surf1 Hxurshdq Frqihuhqfh

rq V|qwkhwlf Dshuwxuh Udgdu/ HXVDU*<;/ sdjhv 7;<�7<5/ Iulhgulfkvkdihq/

Jhupdq|/ Pd| 4<<;1 YGH0Yhuodj JPEK/ Ehuolq dqg R�hqedfk1

^5<` Y1 Vkwhlqvkohljhu/ D1 G}hqnhylfk/ J1 Plvh}kqlnry/ dqg O1 Pho*qlnry1 Rq wkh

Srvvlelolw| ri Ghvljqlqj d Kljk0Uhvroxwlrq Vsdfh0Eruqh YKI0Edqg VDU iru

Uhprwh Vhqvlqj ri wkh Hduwk1 Lq Surf1 Hxurshdq Frqihuhqfh rq V|qwkhwlf

Dshuwxuh Udgdu/ HXVDU*<9/ sdjhv 654�657/ Nùqljvzlqwhu/ Jhupdq|/ Pdufk

4<<91 YGH0Yhuodj JPEK/ Ehuolq dqg R�hqedfk1

^63` J1 Z1 Vwlpvrq1 Lqwurgxfwlrq wr Dlueruqh Udgdu1 Kxjkhv Dlufudiw Frpsdq|/

Ho Vhjxqgr/ Fdoliruqld/ 4<;61

^64` P1 Vxhvv/ P1 Yùonhu/ M1 M1 Z1 Zlovrq/ dqg F1 K1 Exfn1 Vxshuuhvroxwlrq=

Udqjh Uhvroxwlrq Lpsuryhphqw e| Frkhuhqw Frpelqdwlrq ri Uhshdw Sdvv

VDU Lpdjhv1 Lq Surf1 Hxurshdq Frqihuhqfh rq V|qwkhwlf Dshuwxuh Udgdu/

HXVDU*<;/ sdjhv 898�89</ Iulhgulfkvkdihq/ Jhupdq|/ Pd| 4<<;1 YGH0

Yhuodj JPEK/ Ehuolq dqg R�hqedfk1

^65` O1 P1 K1 Xodqghu1 Shuirupdqfh ri Vwhsshg0Iuhtxhqf| Zdyhirup iru Xowud0

Zlghedqg YKI VDU1 Lq Surf1 Hxurshdq Frqihuhqfh rq V|qwkhwlf Dshuwxuh

<<



Udgdu/ HXVDU*<;/ sdjhv 656�659/ Iulhgulfkvkdihq/ Jhupdq|/ Pd| 4<<;1

YGH0Yhuodj JPEK/ Ehuolq dqg R�hqedfk1

^66` G1 U1 Zhkqhu1 Kljk Uhvroxwlrq Udgdu1 Duwhfk Krxvh/ Qruzrrg/ PD 35395/

4<;:1
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