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Abstract

It is the well-known fact for engineers in the field of computer graphics that there exists
the necessity of solving the three-dimensional hidden-line problem completely.
Since 1960’s, many men have tried to solve the problem and to give the complete algorithm
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Ior enmination oI maden-lines. 10ey nave partally solved tne€ probiem Dy compuling nidaen-

lines point-by-point, and we discussed the approximate solution of the problem in the particle
[2] using the point-by-point method. However remains the difficulty that any method discussed

needs long computing time.

In this paper, we give the way of computing hidden-lines line-by-line under the condition

that every surface treated here is triangular and the set of hidden-lines is the set of linear

lines.

give the algorithm of solving the inequalities.

titioning them to many points.
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Hidden-Line ®OEM%%25% 3 ¢ &%, Computer
Graphics OAFILBY ZEELHBO—DTH3C
EBEREDY ShTHOSALL. WANBIRRED,
EEIShTEN, bhbhd, B, WEEHE
ZLBWTHTLEEATO point-by-point DFEH:
ERIELTEL?. LhL, 338050 ETIE,
visible 724, EHAD, BED L S5 BEFRICH
3T &iE, 9, bvIiIwv. $1bb, visible 73
B, —DOBSERRTEEEITHIINDOTH
%. ZDi¥d, point-by-point {Z, hidden-line DI
REHET 201, DELBEVHS, line-by-line

HESERxN 2.
P.P. Loutrel {2, D XS KHFAANEMSI—DD
FEEGRE U eds®, F7, point-by-point DEHE L

AT, BLTWEWD. 22 ToXRE LT
Bid, §T, BRT, HEREDLCOERTNT, F
HTHD2bDTHE. 2DLH%, BARKOBEHEL

* About the Three-Dimensional “Hidden-Line” Problem II,
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Then we show that solving the problem is reduced to solving some inequalities, and

Thus we compute hidden-lines without par-

e
Yy, ZOBEOREDRE~I b, BDES 200
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FHORETH, BREEET IS EEAVT,
invisible 7SR EEETEHDTH - 12,

DhbhRERXTRERIZIBEEDLS, el
line-by-line D EEEEZ 3. 772U, JARE=H
FiLiz-Th 3, EEOMTO=ZALELS, &
KAETHEEnDANE, TOT&it, HRRE
Z, METZENILDS, LA, IEATEHDT
5.

PFCid, st5EY, BRoLes, 2wEROM
YRERREFE CLERH B L L E2BRT, %
NEMR BIRBIIS 73" X4 L, invisible 72 HIRD
TR AR5,

2. MERE

MNRLET 2 3RTEHAOYRIR, i m Bo=
A A4 (1<r<m) T, EfEh:-HETHIATH
2bDLETE. LKL, BEAK 4 OBX Y ik

Y=Arwt+Bt+C 0<w, t<1 (2-1)
THb&hz. coLs, WARAOEES T 13

Y={X|Xed, 2r, 1<r<m} 2-2)
tEbINS.
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BALLD ET 5413, WEF n2 HORR L(1Lr
<m) DEHTH3ET5. SHEHKE L OBX Y it

Y=Dp+E 0<p<l (2-3)
T, kbahztd3. zoLx, BETRIADE
4 K i3

K={X|XeLr, or, 1<r<ns} (2-4)
LELEXNS.

BHROFHRE ABEL oML E, KX W5
BROBER Y %

Y=As+X s>0 (2-5)
EELL, BAPBEZONLEDEA X 2BEHR
B PXOEX Y %

Y=(X-P)s+P
EEbT T LILT 3.

XT, HED XeK %2+ 5TET

SHX)=PXn {3~ {X}-(P})

RUE3. T3, AX DS KBETEOX¥DLSN
visibility 3, EHTX 32.

E B

L, I¥X)x0 1o, A X1, I kLT
invisible ThH 2 &5, L, I*X)=0 115,
A X1, 3 rBLT, visible Ths LS.

ETAT

Y=4"U4%U---udn
5} ')f:i)”;

IHX)=4"(X)U 4MX)U - U 4"HX)
Eits. o EhS, 4%X) OWEEFESBC
LT, IMX) OMEEREC LEMICILEC &
Bbhhb.

bhbhiz, BEIZVBENAEOEREED4%X)
O BpELERABTALTY X LERE LKL FL
T, WHRBOHEAZFTEOLWTTOHERE, /i1
U7z UL, £C27TR, BT E& (point-by-point) @
HEEREEZBICEE T 2TV,

bhbhiz, ATEDHEEZTE>ROYIC, L'C
Kz tic, 2T & (line-by-line) OWEEEEZL S C
LEEZD. RAROERYE, ERALLEEELT,
4 O, ZARIKREC LiCT 3.

3. visibility O$)E & EIRER
ZARK 47 OBEFRH
Y=Aot+Bt+C 0<o, t<1 (3-1)

THbEh, A P B5I150T, RETERD
HEEMER L OERELT

0<s<1 (2-6)
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X=Dp+E 0<7<1 (3-2)
THEPENTVEdDETE. zDEx, BHEPXD
BHi

Y=(X—-P)s+P
EFELEIhZED,

W, (3-1), (3-2), G- AHILXE D &

(Dy+E~P)s+P=Awt+Bt+C

0<s,0, ¢, 7<1 (3-4)
RBBUHERRZBEONSE. COFBIAFROBOM
(s,0,t,7) OFE&% H ELT

H={(s,0,t,7)|s, 0,87 i3 (-4 REHc T}
BlE o7& &, HXO 1351F, HBR(B-2) kiZ, in
visible 72 EAMEEL, H=0 13 51T, HEH#H(3-2) kiz,
4T visible TH 3.
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F={p|n 3, G-4)REHKT}
’Z‘ﬁcf:c‘:%

L= {X|X=Dy+E, 7 ¢ F}
i1, B-2)RTHZ ShBHEMO invisible LI ES
EWE. CDEEE

LioL
Hhid, B L2, invisible TH o7z E08Hn 3.

G-DRMATH 255, L bOFERICES. L
¥-7T, F b, BEBORTT, $3% o,81c&-T

F={p|0<a<n<p<1}

s, F R, —EHICHRET 5, 7203,
TH2T &It 5.

bnbhiz, F 2RET3. a8 %(3-1), (3-2),
(B-3) DADEMPOIDBC LAEFEZ .

0<s<1 (3-3)

F=0

B-)X%, REXORUEMEALT, s b0 D
WTHEL &

s=C'/|J|

[ t=(D'p+E")/|J| (38-5)

o=(F'n+G")(D'n+E’)
E18B, KL

|J|=A'"p+B'x0

D, —A —-B
A'=|D; —A: —B:

lDa —As —3B
E,\—P —-A -B
E;—P; —A: —B:
Es—P; —As —Bs

B=

E 1 Y=(P-X)s+X 0<s<1 20TV, G-3)X0FM
FPF.
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ICi—P —A1 —Bif WG REREHETRERALT, G10)%Es50,01K2
C'=\|Co—P; —Az —B: WTHEL &
Ca—Pa _A3 —B3 s=(B/__AI77)/IJ|
Dr -4 Gi—h t=(D'—=C'p)/|J| (8-11)
D'=|D; —Az C—P: o=(F' —E'p)(D'—C'p)
Dy —4s Co=Fy &85 2L
E.—-p —-A G—h A —A —-B
E'=\Ey—P; —4Az Co—P |J|=|42 —Az —Bz|%0
|Es—Ps —As C3—Ps IAa —As —Bsl
D: Ci—P —B D1 —A —-B:
F'=|D2 C:—P: —B: Al=|Ds —As —B
Ds C3—P; —Bs Ds —As —Bs
Ex—P Gi—PA —B Ci—E1 —-A —B:
G'= Ez—Pz Cz—Pz —Bz (3—6) B = Cz—Ez -—Az _B2
Es—Ps Co—Py —Bs Cs—Es —As —Bs
ThH3E2. choORphd. F={n 2Rb3&, M —A Dy
G- HOROREREZEH» S C'=|{d42 —A: D:
c’ As —As Ds
OSAW]—I-B'Sl A1 —A1 Ci—E:
D'p+E’ D'=|A; —Az Co—E:
ZUTE
0<amp = (3-7) As —As Cs—Es
F'n+G’ A Di —B
—l——<1
<D B E'=|f2 D: —B:
(071 As D3 —Bs
AT 0, F OEFRLEILS. A Ci—E; —B:
E-NE/EXMABL F'=\/A: Co—E: —B: (3-12)
C’(A’??—{—B’)ZO /13 Ca—Ez —B3|
(A'n+B')A'n+B' —C")>0 THLHEI.
J(A'+Bf7’)(D’7;+E’)20 T, REREHEANS &
' (A'p+B')(A'—D"p-+B —E')>0 (3-8) | J|(B— A'7)=0
(D'p+E'YF'n+G')>0 L[ TI(D"—C'9)=0
‘ (D'n+EN(D'—F'yn+E'—G')>0 |J|(C'p+|J|—D")>0 (3-13)
| 127>0 (D'—C'p)F'—E'p)>0

E133.
LT, F 2kH51213, B-8)D 2k AREXNE%E
I E T &bt
A PORDbYIC, AR A BEZShEE
i2, @3RI
Y=A4s5+X s=>0
», BAINS.
coEx, (3-1),(3-2), G-HREHILEHS &
As+Dp+E=Awt+Bt+C
s>0, 0<7p, o, t<1

(3-9)

(3-10)

FE2 A'=0, B=0 Ot Xxi3, oD 47 IkB$ 3 visibility i3,
plottability i3 & ¥ EWEHILLVDT, visible TH3EH
UTH &L

(D'—C'p)(E'—C")p+D'—F")>0
1>7>0

Aot OBELH, CDBEAR, F AERTSC
Lhtbhhb.

BmE LT, (3-3), BG-9DOWThOREANTS,
B 2 RAERROMOWMBEERT 5 LITFEEN
e Ehthn B,

4, HIXEROMEEE invisible 245

41 BIRFAOQE

(3-8) b, 7 HAMERKMICRD 2 ¢ L EEXLT
HED.

%3 |JI=0 0L, 2 LRAUEET, visible EHLLTHEL.
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(B-8) D% i (i=1,2,--,6) XEifT » OEBE
ﬁ"iu‘):{U]aiia)S’]Sb'.i(l)}
ELED. 7KL, #()=0,1 Ths. CDLx
Fiyiy={nla';,<n<bl;0}, 0<9<1
=f‘;<;>ﬂ {r]o<n<1}
EBIE, @8)EMiT » OES F iz
6 6
F=nluFi,.}=unFiu (4-1)
i=11(i) Fjayi=1
EELING. 4 BMKTH -7 S, F 13B—H
BThdd», i3, EThH3. £-T
F={7]0<a<n<b<1)
ERBEND ), F=0 TH3. D iz, a'u
BLY by 05, a BLU b —BEHICkT B C
EEBEFLTVAE.
3T, BHEE a'ian by i3, 2E¥FDLSICLTH
Hohsd G RoFH i R (1=1) i1
ay(s—pB1)>0
18544 70FRERTH3. coLx
a'=-1, bot=—1
&, T3. =LT
(i) a>0 D& x
L, Ai<0 51T, a'=0, bil=1
L, 1280 251, ail=h, bl=1
HL, Bi>1 1551F, al=—1, bil=—1
(i) a=0 DLtx a'=0, bil=1
(i) <0 DL
L, Ai<0 5L, aill=—1, bil=—1
L, 1>6>0 o, ai'=0, bhil=5
L, Al 55, ai'=0, bil=1
&, RHSNB.
(B-8)ADE i R (1=2,3,-,6) iF
ai(s—Bi)s—7:)>0 Bi<7:
22584 7ORERTH%. £¢T
(i) ;>0 D&
@i-1)
bL, Bi<0 55, a’=—1, bi=—1
HL, 128:20 1251, a'=0, bo'=8;
bL, 8i>1 1251, a'=0, bo'=
(i-2)
HL, 7:<0 85T, ait==1, bl=—1
L, 1=>7:>0 1251, a'=7,, bil=1
5L, 7:>1 85, all=—1, bi'=—1
(ii) a;=0 n&x

a’=—1, b'=—1, ai’=0, bi=1
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(i) a;<0 D& a'=—1, bo'=-—1

HL, Bi>l 551, ait=—1, bil=—

HL, 7:<0 5, ait=—1, bir=—1

HL, 0KB:<7:<1 55E, a'=0i, bii=71,

HL, B:<0L1LKy: 1251, aif=0, bif=7,

bL, 0<8:<1<y: o, arr=p4:; bif=1

HL, Bi<0, 1<y 55, ar*=0, bi=1
tEyvons.

LT, -1 RAKFEEBOLY, iz, Fiu
BEEATHZCEERTHOT, EHEAZRIC

O=}p|-1<p<—1]

EEFHLT, BOFORT LT 500, FETH 3.

ZDEHITLT, BOBODF i, i, 524I1CER
Ehicc Enbhr 3.

4-2 fER O LR

4-1)Ri2, BoFERTH 3. 2L T 25=64 HD
MERLIE ->TW5B. LAY, FfOERLSbh
3L, 12D Fiiu O35, I OMEKD,
BERATHIC LD 5. B, EEATEL. F
ERDIOCDTHEnS, HEOEBERS T20,
Fi;o(=0) 253 KFIBTHC LN, EETns.

Wi
; =1 it a'ji=-—1
‘"%=o it a'jn¥—1
183 ¢y ZEELLD. T
di=cd'+crf
5% dEEELED.

LDEE, =110, Fiyu,Za8UHEIZ, T
NT, @ &i3h, di=2 123 4 BEETHE, Fi
@ rizzz iz BEICHBAT 3.

XoILdL, FRTDA M, 0, 71, 1 Thh
W, F 3, BEREETROARUENES. £C7T, T
NTODd s, 0, T3, 1 THEERICODNTEZ
BrEitLES. cDEEES F i3

F{nFrnin{u n Fi,) (4-2)
dr=1 i) di=0

()=0,1
7()=0,1

crjry=0

LY. cokSicEBThE, KORMEBRE LT

B, 2 B EHOThORE. DED, B0
FHOHBEEAEMT I bbb s, L, TxT
D 7 ILDOVT d'%2 DEADH.

2T, FOLREER, Fiu 0EDEHS, Hhicit
B AR Ehibhrs. —F, Fii, H—HE
BTHELEBREINTNEDE DS, FREES
TR, KHE—D2DEDAD, ZEELETIHIT.
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TbbL, BEATRVWER, B4 1EBTHI &
bird. O LR, BEATEROWHEEZRD I,
zh?, F ZobDTHBC EERLTNS.
L7cdi->T, HROMAERDZ C Lid, BETEL,
BTOAT F ZRDBZCENBTEZENbDISB. X
»C, TLTR, 220B—RBROKOMEHICOD
T, BRBC LT 3.
g,
Fl={p]a'<y<dY}
F={p]|a*<n< b
3220848 FL,F? o F*
F3={y]a®<n<b%
ARDEZTATYXLEERLED. FhiT
L, ax<bz<ai<bh 715iZ, as=—1, by=—1
HL, ax<ai<b:<b 13513, as=ar, bs=b2
L, @x<ai<hi<b: 13513, as=a1, bs=b
HL, aia<b:<b 5, as=az, bi=b:
L, aia<h<b: 12513, az=az, bi=b
HL, aa<h<a:<b: 1351, as=—1, by=—1
EEr»ohb.
zhick -7, (4-2)i3, MEICHETX 3.
4-3 X |2B8¢ 3 invisible Z:$AIR%
B OZHERIc LD, 47 icET 3 L O invisible 13
S Fo,” 5RkE -7, L, LP 0 I KBT3
invisible 738K F, 12

i 4
\}d

I\

m
F(:)': U F(’)(r) (4-3)
r=1

EELEhENS, Fuyid, B—HERTHZ LIRS
B, Fo, OhOFHIIHE—ERO¥E No, LT3
&
0N, <m
B, BIRERILLTWS. £-T, (¢-3)Ri, m AL
TOHOMTEXRbINBCEKIEE. BEm I,
102~10% iIcd K3 L, 4712, WohEEL
T, HMEZEE->TWVAOMEFLOT, & L@
DY OHBE, TDOHIZ, 10~10° OWEEEIN
3, +8Thr5. c0Xk37, FHEDD ETII,
F, OHIZ, (-3)DEEDER, &4, 10~10° @
DHiIcE EHOhE. FRLELTIE, &4 10~100 F
DEDOM L3 EEZZNHE, THoTRIEVLEEZT
NaHs, 12, KERLT, BHLDTIRIL.
(4-3)p F, 12, BARTH 255
F,,'”={pl0<a, ' <7<b,s <1}
&, ELIhTWARTTHY, Fu i3,
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N@)
F(u‘—;=z;a E»f
b, EbEIRTTHS. KL
Ei )= {n|0<a;<n<Bi<L1}
TH3. bhbhds, ar b b, ai,bi 2—EW
KEkpzc ENTEhE, L L0 Y B9 3 in-
visible 7fHIR For RRF -2 &L 3.
F,, 378ob, an b 8, BAohkc&s,
E.y OREEFHFTIFEREEFZZ0ECLKI.
(1) #HREDIEE
al)=-1, p1)=-1,
B(2)=2, N=2
(1) a2)=0, A(2)=1 175, (vi)~
(i) abr(1<r<m) 2523, D&%
a(n)<a,s<La(n+1) N=n>1
B(m)<bsr<p(m+1) N=m>1
Z#Hicd n,m OFERDB.
(iv) o B ROEH
(iv-1) ar<p(n), br<a(m+1) DL

a(2)=2,

a(n+i)—a(m+i) 1<i<N-m
Bln+i)ep(m+1i) 1<i<N-—-m
B(n)<b.r
NeN—-m+n

(iv-2) ar<f(n), br2a(lm+1) DL X
o(n+i)—a(m+i+1) 1<i<N—-m-—1
B(n+i)B(m+i+1) 1<i<N-—-m-—1
B(n)—pB(m+1)

NeN—m+n—1
(iv-3) a">pn), b <a(m+1) D& &

aAn+i+1)—a(m+i) 1<i<N-—m
Bln+i+1)<B(m+1) 1<i<N-—m
a(n+1)ea,”
B(n+1)<b,"

NeN—m+n+1
(iv-4) a.>B(n), br=zam+1) DL &

a(n+i+1)y—a(m+i+1) 1<i<N—m—1
Bln+i+1)B(m+i+1) 1<i<N—m—1
a(n+1)e<a,"

A(n+1)-f(m+1)

NeN—m+n

(v) r=m+1 T, rer+1 LT, (i)Y
3. r=m+1 D& x(vi)~

(vi) o B DRIIFTHRL ..

#2070, EROFEEOmL 3. (vi) DR
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Fi= U {7lat)<n<AG)

LRpOND B, LihioT, visible 5ER F, it
. N-2
Fo= U, ol gl <ati+D)

U - {7]0<7<a(2)}
U ¢- {n] AAN-1)<7<1}
E1B. #272L
1 if @)%0
“’:[o i a2)=0
¢={1 if AIN—1)%1
0 if AN-1)=1
TH3.

cokSiELT, bhbhid, F. %, RAHICR
BB ENTEH, o BFHOEFIL, HE/ICP
WTH3.

%7, (V-3)iLBWT, n=m THhiL, RIZED
HEEA—OHMEEZDT, cOLED, HROES
DOEFIL, EEEIL > TH (REXHZ. THhbDL,
P AREVENDS, NS H~ZELEEDD alk)
B(k) AERT BRERHLCLTHS.

5 € ¥ U

4,13, (3-8)RoMEICDNT, FEBRL A, (3-13)
ROMBICONTH, £2<ALEZLT, WU TE3.
ERICELT, BAMER, aN),AN) oROX
XXA COBEICE -0 X 0D EVIHETSHS.
N ORKER, 4" o m, THbb, F—2 0K
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i, RELEETS. Lal, Aplcdf~aieks

i, 10~102 QB BADIE, +ATHEODHEELS.
point-by-point QFEHEICH~T, BRI C LG,
scan ¥§EFICB3{%R7: {, hidden-line D EICET 25§

Mkt sc T, GEEOHEIRR, T3,
point-by-point DB TiZ, scan FKEH 2 {EICIEh
{$, hidden-line DB, 25 d->Tik.

F1, KRXOFER, X#(4)LabEs s, &
AMEE=AK &4 554 O line-by-line DFtEHEE
RIZTLICELTNS.

AB/XOFHE, hidden-line DF BRI, KiB
13, WEAEZ260EEZONE 06, T4, EA
HEDHEHDEEFEESNS.

W HFEHEZPD LT IMAEDS 4 ICRH T
5.
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