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Eciim u300pakeHune BbIXOUT 32 Mpejiesibl IKpPaHa, TO 00 YBeJIMYUBACTCH BpeMs
MOCTPOEHM S, JIUOO ITO MPUBOJAUT K UCKAKEHUIO KAPTUHBIL, JIH00 MPOCTO HE
JTOIyCKAIOT BBIX0/1a 32 Mpe/iesibl IKpaHa.

IlepBoe coolieHne 00 annmaparype 0TCeYeHUsl, MCIO0Jb3YIOIIeH aJIroOpuTM
OTCEUYECHU /ICJICHUEM OTPE3Ka IO0M0JaM U peajau3oBaHHOM B ycTpoucTBe Clipping

Divider, mosisusioch B 1968 r.
Robert E. Sproull and Ivan E. Sutherland. A Clipping Divider // AFIP Fall Joint

Computer Conference. San Francisco, 1968.

OTtcexkaemble OTPE3KU MOT'YT ObITh TPE€X KIIACCOB - HEJINKOM BU/INMBIC, ICJINKOM
HCBU/IUMBIC N NIEPECCKAKOIIMNE OKHO.

/IBa OCHOBHBIX THIIA AJITOPUTMOB OTCEYCHUS:

- HCNOJIL3YIIINE KOAUPOBaHNE KOHIIOB 0TPe3Ka WM BCero orpe3ka: aaropurtm Kosna-
Caszepaenga (Cohen-Sutherland, CS-anropurm) u FC-aaropurm (Fast Clipping - aaropurm),

- HCMOJIb3YIOIIHE TIApaMeTPUYeCKoe MpeCTABJICHHE 0TCEKAEMbIX OTPE3KOB U OKHA OTCEeYeHMS:
anroput™m Kupyca-beka (Curus-Beck, CB - agropurm) u 0oJiee mo3aauu ajaroputm Jinanra-
bapcku (Liang-Barsky, LB-aaropurm).



Heymepnwiii ancopumm Kosna-Cazeprenoa

JTOT aNropuT™ 0codetino 3dpdexTHBen B ABYX KpaliHHX cayuasix:
* 00JILHIMHCTBO IPHMHUTHBOB COAEP/KUTCH HEJIUKOM B 00JILIIOM OKHE,

* 00JILIIMHCTBO IIPUMHUTUBOB JICKUT HECJIUKOM BHEC OTHOCUTC/IBHO MAJICHBKOI'O OKHA.

HNpes anropurMma:

OKHO OTCceYeHUs U NPUJIEerapiiue K HeMy YacTH IJIOCKOCTH BMecTe 00pa3yroT 9 odsacrei.
Kasknoii u3 ods1acteit npucBoeH 4-x pa3psaaHbiid KoA. /IBe KOHEYHbIE TOYKHU 0TPE3KA MOJLYy4Yar0T
4-x pa3psi/iHbie KOAbl, COOTBETCTBYIONIHE 00/1aCTAM, B KOTOPbIe OHM nmonajau. CMbIC pa3psaoB

KO/JA:
1 pp =1 - Touka Ha1 BEPXHUM KpaeM OKHA;

2 pp =1 - TO4YKAa O HUKHUM KPaeM OKHA;

3 pp=1-Touka cipaBa OT MPABOI0 KPasi OKHA;
4 pp =1 - TouKka cj1eBa OT JIEBOI'0 KPasi OKHA.
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OnpeaeneHue TOro JeKUT JJU OTPE30K HEJUKOM BHYTPH OKHA WM HEJIMKOM BHE OKHA
BBIIOJIHACTCH CJIEXYIOIIMM 00pa3oMm:

- eCJIM KOJbI 000MX KOHIIOB OTpPe3Ka paBHbI (), TO OTPE30K LEJIMKOM BHYTPH OKHA, OTCEUEHHE He
HYKHO, OTPE30K NPUHUMAETCH KAK TPUBUAJIBHO BUAUMbIN (0Tpe30K AB);

- eCJIM JIoTHYecKoe & KOA0B 000MX KOHIIOB 0TPE3Ka He PABHO HYJII0, TO OTPE30K LEJIMKOM BHE
OKHA, OTCEYEeHHE He HY’KHO, OTPE30K 0TOpachiBaeTcs KaK TPMBHAJbHO HEBUIUMBbIN (0TPe30K
KL);

- €CJIM JIOTHYECKOe & KOJT0B 000MX KOHIIOB OTPE3KA K
PABHO HYJII0, TO OTPE30K MOA03PUTEIbHbIN, OH MOKET R‘«
ObITh YacTUHUHO BUAUMBIM (oTpe3ku CD, EF, GH) - _ o \\ -
WM HeJIMKOM HeBUAUMBIM (oTpe3ok 1J); nuist Hero
HY2KHO OIIpeAe/IUThL KOOPAMHATHI NepeceyeHnil co
CTOPOHAMU OKHA U ISl KAK/I0M MOJTYYCHHON YaCTH C *
onpeneJuTh TPUBUAIBbHYI0 BUAUMOCTb MJIM o
HeBUAMMOCTD. [Ipu 3Tom nuist orpe3kos CD u 1J E-—T -
norpedyercs BbIYMC/IECHHE OJJHOTO NMepecedyeHus, Jjaa v -
ocrajbHbIX (EF u GH) - nByXx. , (-
|
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Cxema asgropurma Kosna-CazepJiienaa:

1.

PaccunTarh KOJbI KOHEYHBIX TOUEK 0TCEKAEeMOro oTpe3ka. B nukie
MOBTOPSATH MYHKTHI 2-6.

Ecau jgoruueckoe I K010B KOHEYHBIX TOYEK He paBHO (), TO OTPE30K LEJTUKOM
BHe OKHAa. OH oTOpachIBaeTcs M OTCEYEHUE 3AKOHUYEHO.

Eciu 00a koxa paBubl 0, TO 0Tpe30K neJuKkoM BUAUM. OH NIPUHUMACTCH U
OTCeYeHHe 3aKOHYEHO.

Eciu HayaibHAsl TOUKA BHYTPH OKHA, TO OHA MEHSIEeTCHA MeCTAMHU ¢ KOHEYHOU
TOYKOM.

AHaJU3UPYeTCsl KOJ HAYAJIbHOM TOUYKH JJIsl ONpe/ie/ieHUsi CTOPOHBI OKHA, C
KOTOPOii ecTh NMepecevyeHne U BbINOJIHAETCS pacyeT nepecedenusi. [Ipu aTrom
BBIYHCJIEHHAS TOYKA NepeceuyeHuss 3aMeHsieT HAYaAJIbHYI0 TOUKY.

Omnpejesienne HOBOT0 KO HAYAJIbLHOM TOYKH.



Heymepuwviu FC-anzopumm

/ =
B 1987 r. CooxoB, llocnumm u SIar npepioxuiau FC-anropurm (Fast Clipping).

IIpocTpancTBO pa3ouBaercsa Ha 9 HenmepekpbIBawIUXcH odjacreil. Koabl, Ha3HaAaYaeMble KOHIIAM
OTPE3KO0B, MONABIIUX B Ty WJIH HHYIO 00J1aCTh.

OTpe30ok BUANM TOJBKO B 00J1aCTH 5, T.€. 0TPE30K, KOOPAMHATHI KOTOPOT0 YAOBJIETBOPSIOT
yeaoBusaM: XuieB<X<XmnpaB u YHu3 <Y <YBepx.

Kaxnas koHeuHasi Touka orpe3ka VOV1 okaskercsi ¢ ogHo# 13 3TUX 00gacTeil. KomOMHamus
KO/I0B KOHIIOB OTPE3Ka, HA3bIBaeMas KOIOM JIUHHH, UCIIOJIb3YeTCs ISl ONpe/IeIeHI s
BO3MO’KHbIX BADMAHTOB PacClo0JIOKEeHHUsI OTPe3Ka M, CJIeI0BATEJIbHO, OTCEYCHHUS.

Ko iuauu popMupyercs U3 KOJ0B KOHLIOB OTPe3Ka
CJIeyIOInM 00pa3om:

LineCode (VO,V1) = (Code(V0) x 16) + Code (V1), ol 1000, 1010

. Oxf . (OxB | IxA
3nech Code(V1) 0003HauaeT KO KOHeYHO TOYKH V1, 1! 9 a
Code(V0) X 16 o3Ha4aeT CABUI KOJA HAYAJLHOMW TOYKHM ~  ~~~~—~F——F----- - Yeepx
V0 BJieBo Ha 4 pa3psiia. ({1 EEE {010
Tak Kak Ka:KIbIA KOI MOKET I 9 fxl fhd) {2

PHHHMATH OJHO W3

3HAYEHU U, TO Bcero umeercs 81 BO3MOKHbIN BAPUAHT 4 K é
pacnoJioxkenust orpeska. Ho, eciim Code(V0) paBen ool om0 oitn Y HO3
Code(V1), o LineCode(V0,V1) pasen LineCode(V1,V0). AR ot
Hmeercsa Beero 9 Takmx cayyaes: 1-1, 2-2, ... 9-9, T ' i 9
Ci1e10BaTE/ILHO, YHCJIO PA3JIHYHBIX CJIYYAEB N R Xnpas

YMEHbIIAeTCs 10 72.
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Kaxawiii LineCode Tpe0dyeTt cBoero Hadopa BbIMUCICHUI JJIM1 ONpe/ie/IeHUs 0TCEYCHUA 0TPe3Ka
3a MUHHUMaJIbHOe BpeMsi. O003HaYeHUSA:
*  HaYAJbHasl TOYKA OTpe3Ka cuuTaercsi Touko Homep 0 (VO0),
*  KOHEYHas TOYKAa OTpPe3Ka cuurTaercs Toukoit Homep 1 (V1),
* ClipA_B 0003Ha4aeT aJIrOPUTM pacuera nepeMenieHuss KOHEYHOM TOYKU HOMep A Ha
CTOPOHY OKHa B.

Bceroumeercsi 8 0CHOBHBIX CJIyYaeB OTCEYEHMSI:

1. HayajgpbHasi 1 KOHeYHasi TOYKH OTpPe3Ka o0e B 00Ji1acTH
5 (orpe3ok JK).

2. HauyajibHasi M KOHEYHasl TOUKH OTpPe3Ka 00e B 00J1acTH
4 (oTpe3ok LA).

3. HayaabHasi Touka B 00J1acTH 4, KOHe4YHad - B 00J1acTu 1
(orpe3ok LB). 1

4. HayaibHas TO4YKa B 00J1acTH 4, KOHe4YHas1 - Bo0j1acTu 2 R
(orpe3ku LC u LD). OTpe3xku siBHO nepecexkaer XJieB, /
TAK YTO BHa4aJjie HA/I0 ONpeaeJuTh COOTBETCTBYIONIY K __

o 0
02

KOOPAUHATY, ucnoJab3ys ajaroputm Clip0 Xleft. T
otpe3ka LC 310 naer V0y > YBepx, Tak 4T0 0Tpe30K

N0JIzKeH ObITH 0TOpomeH. OTpe3ok LD BXoAMT B OKHO A

C JIEBOM CTOPOHBI U MOKET BBIXOJAUTH Yepe3 Bepx. 4
CuieoBateiibHO, ciIeyiollee OTCeYeHHE T0IKHO ObITh i
Clipl Top, mociie KOTOPOro OTPE30K MPUHUMAETCH.
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5. HayagbHas Touka B 00J1actu 4, koHeuHad - B 3 (orpe3ku LE, LF u LG). OTpe3ku iBHO
nepecexarT XieB. Tak ke kak u 14 ciaydas 4 Buayase npumensiercs Clip0_ Xleft n

oTpe3ok LE orOpaceiBaercs, eciaim VOy > YBepx. Ecin ke mosryuaem V0y < YBepx, To
OTPE30K JI0JI2KeH BBINTH U3 00J1aCTH BUAMMOCTH Yepe3 BepXHee UM mpaBoe pedopo.
IIpumensiem orcedenue Clipl Top u cpaBHuBaeM HOBoOe 3HAYeHHUE X-KOOPIAMHATHI
KOHe4YHOoI ToukH - V1x ¢ Xnpas. Ecan V1x < Xnpas, 1o otpe3ok (LF) npoxoaut 4epe3
BEPXHIOI0 CTOPOHY, 0Tpe30K npuHuMaercsa. Mnaue orpe3ok (LG) npoxoauT 4yepes npaByo

cropony u Tpedyercst orceuenue Clipl Right.

6. HauasbHas Touka B 00J1acT 4, KoHe4Hasi - B 6 (orpe3ok LH). /laHHBIN 0TPE30K BUAUM.

BuauvaJjie ucnosnndyem Clip0_Xleft, 3arem Clipl Right u npunnmaem oTpe3ox.

1  ~2 B3
7. HauanbHAs TOYKA B 00,1aCTH 4, KOHCYHAS - B B I C |
5 (otpe3ok LI). /laHHBIi 0TPE30K BUAMM. | D | P
Hpocro ucnoan3yem Clip0 Xleft u npuHuMaem / - G
OTpE30K. — ﬂ______,d;:u—-——*—‘:—
L
1 H
A K
4 5 6
i 8 9
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8. HavaabHas Touka VO (R, S, T wum U) B o0s1acTu 7, koneynasi rouka V1 (W, X, Y uin
Z) - B o0aactu 3. B 3TOM ciiydyae MOryT ObITh OTOPOLICHBI TOJBKO ABA TUIIA OTPE3KOB.
Jast MuHuMu3anuu BorunciaeHu ucnoabdyeM Clip0 Xleft. Ecau V0y > YBepx, T0 310
nepBbii ciayyai oropaceiBanusd (oTpe3ok RW). Clipl Xright u nposepka V1y < YHu3s
3aJ1a10T BTOPOM ciaydai orOpacbiBanust (0Tpe3ok UZ). Bce npyrue oTpe3ku J0KHBI OBITh
BUIUMBI.
Ecan VOy < Yuus, torna VO =T, unave VO = S. Eciin VOy < Ynus, Tto Clipl _Ybottom
pact Touky V0 Ha peOpe okHa. AHAJIOTHYHO, eciiu V1y > YBepx, To V1=X u 31eCh
Tpeodyercs Clipl Ytop nepea npuemom orpeska. Ecim V1y < YBepx, torna V1 =Y.

| | w

N3 31X BOCBMHU CJ1y4aeB JIETKO CHMMETPUYHO 1 2 3
CICHEepPUPOBATH BCE OCTAJIbHbIE. | |
I'naBuoe oriimune FC-aaropurma ot ajropurma
Kosna-Ca3sepJienaa coCTOMT B YHOPSIAOYMBAHUHI
AEeMCTBMH 110 0TCEYeHU 0. JPPEeKTUBHOCTH T 7
ajaroputma Kosna-CasepJiieH1a orpaHu4MBaeTCs
IOCJIeI0BATEIbHbIM XaPAKTEPOM U (UKCHUPOBAHHBIM
NOPAAKOM e cTBUM N0 oTceyeHuro. Kpome stroro, A
noBbieHuI0 3¢ PpexrtuBnoctu FC-anropurma no R S /
cpaBHeHN1I0 ¢ CS-aJIropuTMoOM €crocoo0CTByeT T
OTCYTCTBHE HEHYKHBIX IUKJIOB M, CJIeJ0BATEIbHO,
NnepeBbIYUCICHUH KOI0B KOHEYHBIX TOYEK. 4

oo
w
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B 1982 r. Jluanr u bapcku npeasioxuIn aJropuTMbl 0TCEYEHHsI NPAMOYI0JbHbIM OKHOM C
HCIO0JIb30BAHUEM MMAPAMETPUYECKOI0 NPeACTABJICHUS AJIS ABYX, TPEeX H YeThbIPeXMEePHOIo
OTCEeYCHUS.

IIpoao/IKUM Ka:KIYI0 U3 YeThIpeX IPAHMI OKHA /10 0eCKOHEeYHbIX NpsAMbIX. Kaxaasa u3 Takux
NPAMBIX JIeJIAT MJIOCKOCTb Ha 2 00/1aCTH: BUAUMYI0O M HEBUAMMYIO YaCTH IJIOCKOCTH. Takum
00pa3oM, OKHO OTCEYEeHHSI MOKeT ObITh ONpeIe/IeHO KAK 00J1aCTh, KOTOPAs HAXOAUTCS HA
BHYTPEHHEH CTOPOHE BCeX JIMHUM IPaHMLL.

IycTh KOHeUHBbIC TOYKHU OTPe3Ka ecTb V0 u
V1 ¢ koopannaramu (x0,y0) u (x1,y1). Y
Torna mapamerpuyeckoe nMpeacTaBJIeHUAE

JIMHUH MOKET ObITh 32JaHO YPABHCHUSMM: -] 1
x=x0+dxt,y=y0+dy-t, 1V |

rae dx =x1 - x0, dy =yl - y0. - f,ﬂ”f |

Hau B 0011€eM BHE: v ——— ——
V(t)= V0 + (V1 -V0) - t. ph V3
IoacraBisiss napamMmeTpuyecKoe P - 14
NpeiCTABJICHHE B HEPABEHCTBA OKHA, ——
MOy 4HM: 11 9 #5314 1 3|56 T 9
-dx-t <x0 - Xures u dx-t < Xnpas - x0, Vo~ Vg ]

-dy't<y0-Yuu3z u dy-t<YBepx-y0. —F+—————
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HepaBencrBa umeroT oquHaxkoByio ¢gopmy Piit < Qi gas i =1,2,3,4, rae P1 =-dx; Q1 =x0 - XJeB;
P2 = dx; Q2 = Xmpas -x0;P3 = -dy; Q3 = y0 -Ynu3; P4 = dy; Q4 = YBepx -y0.

Kasxnoe U3 HepaBeHCTB COOTBETCTBYET OJJHOM U3 TPAHUYHBIX JIUHUH (JIeBOU, IPAaBOH, HUKHEH U
BEpPXHeEl) ¥ ONUCHIBACT €¢ BUAMMYIO CTOPOHY.

Yaauaum VOV1 B 6eckoHeuHYI0 IPsAMYI0. Toraa kaxaoe HepaBeHCTBO 3a/1aeT AUANa30H
3HAYCHU U mapaMerpa t, 1Jisi KOTOPBIX 3TA YIJIMHEHHAs JUHUS HAXOAUTCH HA BUAUMOM
CTOPOHE COOTBETCTBYKIIECH JMHUN IPAaHULIbL. boJiee TOro, KOHKpeTHOE 3HAYEeHH e apaMeTpa
t 1J1 TOUKM nepecevenus ectb t = Qi/Pi. [Ipuuem, eciiu Qi > 0, Torna VO Haxoaures Ha
BH/IMMOM CTOPOHE JINHUY I'PAaHMIBI, BKJIKOYas U ee. Ecam ke Qi< 0, Torna V0 HaxoguTces: HA

HEBHU/IMMOW CTOPOHE.

ﬁc.lm Pi<( Tor&an%ogTBeTCTB%/(%ﬂge HepaBeHCTBO cTaHOBHUTCH t = Qi / Pi.
2

Hala3oH 3Hau JJIS KO
YAJIMHEHHAS] JIMHUS HAXOJAUTCS HA
BHIMMOM CTOPOHE COOTBETCTBYIOLIECH
TPAHUYHON JIUHUM, UMEeeT MUHUMYM B
TOUYKeE IMepecevyeHusi HANPABJIEHHOU
YAJIMHEHHOW JTMHUHU, 3aJaHHOW
BekTOpOoM VOV1 u maymen ¢
HEBHIMMOI HA BUAMMYI0 CTOPOHY
TPAHUYHOM JIMHUM (TAK KaK TOJbKO HA
rpanuue t pasuo Qi /Pi, a B ocTajabHOI
4YacTH BUAMMOM CTOPOHBI 00JIbIIIE).

h =x0—X (=X —xl)
Pi=x0—x1 <0 Po=x1—x:0 <0
0 xl oo b oxl o x0)
{-1] 1.1: X mHdE—--— oo - e eee—e- -::--1: X {-}‘E < ]
) 1 xl x1 1 x0)
(h =0 ----- —— - - - e - ——-- - <D
b x0 xl 1 x0
(AN e e T Q20
Xien AIIpaE
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AHajiornuHo, ecau Pi > (0, Torga coorBercTByI0IIee HepaBeHCTBO cTaHoBHTCS t < Qi / Pi.
h =x0—X (=X —xi
Tak Kak 3HAYEHHUs APaMeTPa t TOJILKO Ha Pp=x0—x1=0 Pp=x1—x0>0
rpanune pasubl Qi/Pi, a B ocTanbHOM ¥ |
BUAUMOI yactu menbuie Qi/Pi, To 3HaueHue 0y < n'ﬂ x”-JL ------- - e JL-x” Xl =D
napaMerpa t uMeeT MAKCUMYM HA rPaHHILE. €l X0 x1
h =0 ----- —— - = mmee- - - - =0
Haxkomnen, eciu Pi = 0, Toraa vxl ) X0 xl1
2l 1= % TOM Oy =0 ------ ST S s >0
COOTBETCTBYIOLIECE HEPABEHCTBO N ::
npeBpamiaercs B 0 < Qi. L .
Xier Npas

3ameTum, UTO 3/1eCh HEeT 3aBUCUMOCTH OT t,
T.e. HEPABEHCTBO BHINOJIHSIETCS /51 BCeX ¢,
ecan Qi > 0 u He mmeer pemrenus npu Qi < 0.
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