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Computer Graphics
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«[1poekummn»



[Iman nexkuuu

Knaccudukaums npoexkumn

LleHTpanbHble NpoeKkunm

[lapannenbHbie NpoeKkuun

OpToroHasbHble NpoeKUnm

AKCOHOMETpUS

[1psAMOYrosibHble U KOCOYrOJfibHble MPOoeKLnm



IIpoeknuu

e [IpeobpazoBaHmne ToUEK N3 KOOPANHATHOM CUCTEMDI
PA3MEPHOCTU /7 B TOYKU B KOOPANHATHOWN CUCTEME
PA3MEPHOCTUN MEHbLLE /.

e [1poeKLUMs CTPOUTCS C MOMOLLbIO NPSAMbIX JIMHUM
Ha3bIBAEMbIX /1POEKTOPaM NNOO JIyYaMu ripOEKLIMM.

o [1pOeKTOopbl UCXOAAT U3 L/EHTPA IMPOEKLIMU MPOXOAAT
yepes Kaxayt ToUKy obbekTa 1 nepecekatoT
[1/IOCKOCTb I1poeKLimv (B cry4Yae rnocTtpoenmns 2D
NpoeKkunn).



IIpoeknuu

e B rpacduke Mbl onepmpyem TObKO C MIOCKUMMU
NPOEKLMSAMU — T.€. MOBEPXHOCTb MPOEKLINU ECTb
NI0CKOCTb.

— BonbLUMHCTBO KaMep B KayecTBe MIOCKOCTM NpOoeKLnK
MCMOSb3YHOT NMNEHKY MO0 MaTpuLly.

— OAHako... ceTyaTKa rnasa He naockas!

e Takxe B rpadmke NCnonb3ytoT TOMbKO
reoMeTpUYECKUE MPOEKLIMMN — TE€ B KOTOPbIX
NMPOEKTOPbI ABNSAOTCSA NPAMbIMU TyYaMM.

— OpHako B KapTorpadun NCnonb3yrTcs MHOMMe NpoeKkLUum
KOTOpble NMB0 He ABNAKTCS NJIOCKUMU, MMOO He ABNSAIOTCS
reoMeTpuyYecKuMn,

e [ckntoveHne — Image-based rendering.



IIpoeknuu

e [lanee Bce noa npoekumamm 6yaemMm noapasyMeBaTb
TOJIbKO FrEOMETPUYECKME nockne 2D npoekumm.

e /[1Ba rnaBHbIX Kfacca NpoeKLuum :
— LleHTpanbHble (nepcnekTuBHble — Perspective).

— [lMapannencHble (Parallel).
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Knaccudukamus npoekum

[MPOEKLINI
[MapannenbHbie NpoeKkunn LieHTpanbHble Npoekumm
& *0JHOTOYEYHbIE
OpToroHanbHble e [IBYXTOUEUHbIE

AKCOHOMETpuUeckue  *TPEXTOYEYHblE

'4 \

NPSIMOYrOJibHbIE KOCOYroJibHble
*/I30METPUS ep30MeTpus (Cavalier)
*IMMETPUS onnmeTpus (Cabinet)

*TPUMETPUS



Knaccudukanms mpoeKiuim
(y 3apyOeKHBIX KOJIJIET)

Planar Geometric Projections
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LlenTpanbHbIE IPOEKIIUA

OI'IpELI,eJ'IFI}OTCFI NJIOCKOCTbIO NMpoeKunn n LEHTPOM MNpoeKLUnNn.

BuayanbHbin 3 dEKT, Ha3blBAETCA NEPCNEKTUBHBIM
NCKaxxeHueM (perspective foreshortening) nian npocTo
[1EDCIIEKTHUBO.

— Pa3mep npoekumn 06bEKTOB CLIEHBI BapbUpyeTcs 06paTHO

MNPONOPLIMOHANBHO PACCTOSHUIO MEX Y OObEKTOM U LIEHTPOM
NPOEKLIMN.

— W306paxkeHne noxoxe Ha POTO — CMOTPUTCS peanncTnyHo!
LieHTpanbHast NPoeKLmMs He NCNONb3YETCSA AN U3MEPEHUN.

— B uenom, napannenbHble NMMHUM HE SIBNSKOTCS
napannenbHbIMKU B IaHHOM NPOEKLMMW.

— YINbl MOTYT COXPaHATLCA TOMbKO HA MIOCKOCTSX,
NapannenbHbIX NIOCKOCTU NMPOEKLMN.

— PaccToaHua He coxXpaHAoTCA.



IlepcriexTuBa - Perspective

[MepBoe n3obpaxkeHune ¢
NepCcrnekTUBOW.

The first ever painting (Trinity
with the Virgin, St. John and
Donors) done in perspective by
Masaccio, in 1427.




LlenTpanbHbIE IPOEKIIUN

° Ha60p J'IVIHVIVI, HE Actual viewed edges
napannenbHbIX NJI0CKOCTU i £
MPOEeKLNM, CXOAMTCA B - Cuidelines
McYe3atoLLEN TOYKE
(vanishing point).

e MoxeT 6bITb OnpeaeneHa B
3D cny4yae, kak npoekuus
TOYKM 6ECKOHEYHOCT!.

e B ogHOpPOAHbIX
KoopauHaTax umeetw = 0

(x,y,0)

HORIZOMN




LlenTpanbHbIE NPOECKIIUH
(Perspective projections)

e JIMHUM NapannenbHbl FNaBHOM OCU YXOASLLEN B
MCYE3AIOLLYYIO TOYKY.

— LleHTpanbHble NPOeKLMM KnaccubuLmpyoT B 3aBUCMMOCTU
OT KOJINYECTBA TaKMX TOYEK.

— KonuyecTtBo ocelt nepecekatolmx NPoeKkLmto, TaK Xe
COOTBETCTBYET KOMMMYECTBY AAHHbIX TOYEK — LIEHTPOB
NpOEeKLMMN. LY
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1-ToueuHas MpoeKIUs

Actual viewed edges
Hidden edges

MnocKkoCTb NpoeKLMH Mool T Cuidelines
nepecekaeTcs
TOJIbKO C OZIHOU OCbHO.




1-ToueuyHas MPoEKIM
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A painting (The Piazza of St. Mark, Venice) done by Canaletto in
1735-45 in one-point perspective.



2-X TOYE€YHAsI OPOCKIUS

A
Hidden edges
— Guidelines
——  Actual viewed edges /\i(

[1noCKOCTb npoeKkuumn



2-X TOYE€YHAsI IPOCKIUS

Painting in two point perspective by Edward Hopper
The Mansard Roof 1923 (240 Kb);
Watercolor on paper, 13 3/4 x 19 inches; The Brooklyn Museum, New York



2-X TOYCYHAsI OPOCKIUS

{Vanishing

b ) A S e Vanishing
Point Left) Bli= = Point Right




LlenTpaabHbIE NPOECKIIUH

1- TOoueyHas

3-X ToYeyHas

2-X To4yeyHasd




3-X TOUE€YHAas1 IPOCKIHS

A painting (City
Night, 1926) by
Georgia O'Keefe,
that is
approximately in
three-point
perspective.

[1710CKOCTb NMpoeKunm




IlapannenbHbIe IPOCKIIUU

& |

AKcoHoMeTpuyeckas (axonometric) OpTtoroHanbHas (orthographic)

.

KocoyronsHas (ceBobogHast — oblique)




OpTOroHajabHbIE IIPOCKIIUU

e [lpocTenwmnmn cnyyam cpeamn BCeX NPOeKLnK, CTPOUTCS
NnapannenbHbIM NPoOeLMpPOBaHNEM Ha NNIOCKOCTb OTOOBpaXkeHws.

e OO6bIYHO NIOCKOCTb OTOOpPAKEHNSA ABUFAETCA MO OAHOU U3 OCen
(4aLle Bcero MMeeT koopanHaty z=0)

viewing directio
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MHOXeCTBEHHBIE IPOEKIIUH
(Multiple Projections)

e OpTOroHanbHbIE MPOEKLINN YACTO UCMONb3YIOTCA ASIS

MOCTPOEHUSI MHOXXECTBEHHbIX MPOEKLIMA 06bEKTA

— 06bl4HO: BMA cBepxy (plan (top) view), dpoHTanbHbIN BUA,
(front & left or right elevation (side) view) n Bua cnesa.

Perspective

Front




AKCOHOMETPUYECKUE MPOCKINHU

Pe3ynbTaT ABNSETCA OPTOroHaibHOW MPOEKLUMNEN, ECNIN OJHA N3 OCEN
BbIPOXAAETCA B TOUKY, a ABE ApYyrve npuHaanexar (Mnm
napannenbHbl) MIOCKOCTU NpoeKkumn. KHaue 3To —
aKCoOHoMeTpuyeckas (axonometric) npoekuus.

Ecnu nnockoCTb NpoeKkunmn nepecekaeT ocn Ha OAHOM PacCTOSIHUU OT
LIeHTpa KOOPANHAT, TO 3Ta NMPOEKLMS ABNSETCA N30OMETPUYECKON
(/sometric). )

srojection plane



AKCOHOMETPUYECKUE MPOCKIINN

[110CKOCTb MPOEKLMN HE NEPNEHANKYNSAPHA HNU OHOM
U3 OCEN CUCTEMbI KOOPAMHAT.

OOHOBPEMEHHO BUAHbI HECKO/IbKO MOBEPXHOCTEN
obbekTa.

[MapannenbHOCTb TMHUMN COXPAHSAETCS.
Yrnbl — HE COXPaHAIOTCA.

PaccTosstHMa MOryT U3MepsiTbCsa No tobon n3 ocen (C
YYETOM MacCITabupyroLwmx KoadPuULIMEHTOB).



AKCOHOMETPUYECKUE MPOCKIINN

AKCOHOMeTpuYyeckmne npoekumn bbiBatoT:

*[1IPsIMOYrosibHbIMKU (eCnn Npu NapaniebHOM
NPoeLMpPOBaHNK Ny4n NepneHanKyIspHbl NIOCKOCTU
npoeKkuunmn)

*KOCOYroSIbHbIMKU (€CNN NTyYn COCTaBASAOT C NNOCKOCTbIO
npoekumn yron ao 90 )

OTHOLWEeHNe eaUHUYHbIX OTPE3KOB Ha
AKCOHOMETPUYECKUX OCAX K €ANHUYHbLIM OTPEe3KaM Ha
KOOPAMHATHbLIX OCSX Ha3blBaeTCA KO3MMOULMEHTOM
NcKaxxeHns (KoadduumneHToM MacliTabrupoBaHus) no
AKCOHOMETPUNYECKNM OCSM.



AKCOHOMETPUYECKUE MPOCKIINN

KoadbdUUNEHTbI UCKAXKEHUS:

KX: XO/LX:p/ + L,
K, =Lyp/L, =q,
/(Z:LZO/LZ:/;

AMHO)XECTBO BapHnaHTOB akco-

HOMETPUHECKUX ﬂpOEKL/MI/Z OT/INYaroLynXxcs
HaripaB/IeEHNAMU aKCOHOMETPUYHECKUX OC en u BESTNYIH
UCKa>KeHWA 10 4AaHHBIM OCAM.



Teopema lloabke

Teopema: «3 orpeska rnpon3BO/IbHOU A/IMHBI, JIEXALYNE
B 1-1 M/IOCKOCTU U BbIXOASLYNE U3 OLHOU TOYKU 104
[1POU3BOJIbHBIMU VITIaMu APYr K APYry MPEeACTaB/soT
cobov rapasieibHyr MPOEKLMIO 3-X PaBHbIX OTPE3KOB,

OT/IOXKEHHbIX HA MPSMOYIO/IbHBIX OCSX KOOPAMHAT OT
Hayvasaa KoopANHaT.

A/kz/ "



AKCOHOMETPUYECKUE MPOCKIINN

Ecnu Koa@. UCKa)eHns no BCeEM TPEM OCSIM He paBHbI
p£G # I, TO NPOEKUNS HA3bIBAETCHA TOUMETPUYECKOM.

Ecnu ko3d. nckaxkeHms no ABYM OCSIM paBHbI
p=@ , TO NPOEKLMS Ha3bIBAETCA JMMETPUYECKOM.

Ecnu Koad. NCKa)eHns No BCEM TPEM OCSIM PaBHbI
p=qg=r, TO NPOEKUNS ABNSAETCA M30METPUYECKON.

Hawnbonbliee pacnpocTpaHeHne B MALLMHOCTPOEHUN NOYy4YNIN
creayroLme rnpoeKkuUnun: npsMoyrosibHas n3oMeTpus,
npsMoyrofibHasa aumeTpus (p=r, g= 1/2p), KocoyronbHas
(poHTanbLHas AnMMeTpus (BCe oHWM CTaHAapTM3upoasBHbl [OCToM).



H3omMmeTpryeckas IpsMOYyTroJIbHAS IPOCKIHS

Hanbonee pacnpocTtpaHeHHbIN Cyyau
aKCOHOMETPUYECKNX NPOEKLINNA.

Hopmarnb NNockoCcTn Npoekummn obpa3syeT paBHbIE Yribl
C KaXXA0WN U3 KOOPAMHATHbIX OCEMN.

T.e. HopMasb onucbiBaeTca BeKTopoM: (d,, d,,d,), rae
/a/ = la,/=/d,/

COOTBETCTBEHHO, KO3(MPMOULIMEHTbI MaCLLTabnUpoBaHUS
no ocsM 6yayT oAMHAKOBbLIMU: p=g=/, T.e. N3mMepeHus
MOXXHO NPOBOAUTb MO BCEM OCSIM C OAMHAKOBbLIM

KO3 MULIMEHTOM — OTCIOAa N Ha3BaHWe (U30MeTpUs).

CyLLecTBYEeT BCero 8 HarnpasieHUI, yAOBIETBOPSAOLLMNX
NAHHbLIM YC/IOBUSIM.



HM3omeTpudeckas npsiMOyroJibHas MPOCKIIUs

[OX], [OpY], [OpZ] -
OTPE3KM Ha
aKCOHOMETPUYECKUX OCSIX.

0. }"|
|0 x| 0]

=cos §=4 ||l:;':||=l:us r=r (1)

oy, By, Y1 — AONOSTHNTENbHbIE
Yrbl.

[l0 TeOpeMe KOCUHYCOB:

'COSZ o +COS2 +COS2 =1
1 1 Y1
%

sinZ o +sin? B +sin?y =1
sin? o, =1-C0S? a.

1-cos?a+1-cos?B+1-cos?y =1



HM3omeTpudeckas npssMOyroJibHas IMPOEKIIUs

[0X], [OgY], [OyZ] — OTpe3kn Ha akCOHOMETPUYECKNX OCHX.

COS2 o, +C0S?% B +cos? y =2

Taknum 06pa3om, N3 COOTHOLIEHUS 1 BUOHO, YTO: p?+q2+r?=2

Ona npaMOyronbHOM akKCOHOMEeTpuM CyMMa KBaApaToB
KO3((PULMEeHTOB UCKAXKEeHUNS paBHa 2.

YCTaHOBUM YMCNEHHbIE 3HAYEHNS KOIPPULIMEHTOB UCKAXKEHWUS NS
NPSAMOYrO/IbHbIX U30METPUN U AUMETPUN.

Ans npsaMoyronbHOn n3omMeTpumn: p=q=r; 3p2=2; p=q=r==0.82

Ans npamoyronbHon aumetpun: p=r; q=0.5p; 2p2+p2/4=2;
p=0.94; g=0.47



HM3omMmeTrprueckas npsiMOyToJIbHAs IMIPOCKIIUS

Yron mexxay BbICOTaMu B
PABHOCTOPOHHEM
TpeyronbHuke paseH 120 .

OcCb zZ NpUHATO pacnonaraTtb
BEPTUKa/bHO.




HM3omMmeTrprueckas npsiMOyToJIbHAs IMIPOCKIIUS

p=r=q=0.82(1)

[ns NpoCTOTbl MOCTPOEHN
[OCT 2317-69 npepnaraet
NoSIb30BaTbCS
npnBeaEHHbLIMA

KO3 duLMeHTaMm
NCKaXKEHUS:

p=r=q=1(2)

B 3TOM cnyyae nony4vaercs
He HaTypasibHas
aKCOHOMeTpu4yeckas
NpoeKuUUs, a NpoeKums,
yBenn4yeHHaa B 1.22 pasa




Jlumerpuueckas npAMOyTroJibHas IPOESKITHA

p=r=2q; [XY]=[YZ],
cnegoBaTenbHO,
TpeyronbHUK crneaoB
paBHOOEOPEHHbIN.

|OZ|=|OX|=1;
IXZ|=1.41; [XM|=0.71:
IXO,|=p=0.94

sin(®/2)=0.75;
® =97°10";
tg7°10'=1/8;
tg 41°25'=7/8




Jlumerpuueckas npAMOyTroJibHas IPOESKITHA

B1cnyyaep=r=0.94; q
=0.5p =0.47

Bo2cnyyaep=r=1;q=
0.5 (B cooTBeTCTBUM C
[OCTom).

Bo BTOpom cny4yae
aKCOHOMeTpuyeckas
NpoeKuuna nonyyaertcd
yBenM4YeHHOW o
CPaBHEHMUIO C
HaTypanbHOW BENUYNHON B
1.06 pa3sa.




Kocoyroasnsie (0Oblique) mpoekmun

Hopmanb mmockoctt 1\
[MapannenbHa ocn X |\ ey
\\ ﬂ

[110CcKOCTb \

npoekLuuu z




KocoyroapHas (h)poHTalIbHAS JUMETPUS
(Cabinet)

p=r=Lmq=QEB=VE |
=135; a =90 =

BonbLuag ocb 217MNCa
=1.06d;

Manas oCb an1mnca
=0.35d B nnockoctax H n
W: B nnockoctn V -
OKPY>KHOCTb. ONSNNCLI B
nnockoctax H u W
KOHIPYSHTHObI.




KocoyroapHas (h)poHTalIbHAS JUMETPUS
(Cabinet)

P=r=1.0,9g=0.5pB=y
=135; o =90

BonbLuag ocb 217MNCa
=1.06d;

Manas oCb an1mnca
=0.35d B nnockoctax H n
W: B nnockoctn V -
OKPY>KHOCTb. ONSNNCLI B
nnockoctax H u W
KOHIPYSHTHObI.




KocoyroyibHasg ropu30HTaIbHASA U30METPUS
(Cavalier)

p=r=q=1.0;
B=1v =135; a =90

BonbLuag ocb 2naunca
=1.06d;

Manas oCb an1mnca
=0.35d B nnockocTtax H u
W: B nnockoctn V -
OKPY>KHOCTb. ONSNNCLI B
nnockoctax H u W
KOHIPY3HTHBbI.




KocoyrosibHbIE IPOEKIUN

Hopmasnb NNOCKOCTU NPOEKLMMN HE COBMAAAET C
Hanpas/feHneM npoeumpyrowmx nyden ObbIYHO
NJI0OCKOCTb NPOEKLMMN NEPNEHANKYNSIPHA OAHOM U3 OCeu
KOOpAMHaT.

— Pe3ynbTaT NpoeumpoBaHns GpoHTASIbHOW
NJI0CKOCTN 06bEKTA NO3BOJISET NPOBOAUTD
N3MEPEHUS YI/I0B U PACCTOSAHUN 63 UCKaXKEHUMN.

— Mo npoeKkuMaM Apyrmx MI0CKOCTEN MOXHO
N3MepSATb PaCcCTOAHUSA (C YYETOM KOIPPULIMEHTA
NCKaXXeHWsl, ec/in OH eCTb), HO He yr/oB!

— YacTo Ucnonb3yeTcst B KOMbIOTEPHbIX Urpax
CTpaTernsix — 1erko pucoBaThb.



AKCOHOMETPHUYECKHUE MPOCKIUH B
OJHOPOIHBIX KOOPAMHATAX

AKCOHOMETpUYecKme npoekumn B oblliem Bnae MoryT 6biTb
peann3oBaHbl C MOMOLLbLIO 2-X MOBOPOTOB N NepeHoca:

a) NOBOPOT OTHOCUTENbHO OAHOWN OCH,
6) NOBOPOT OTHOCUTE/IbHO APYron OCK
B) napannenbHas (OpToroHanbHas) NpoeKuns BAOAb TPETbEN OCH.

(1 0 0 O cosp 0 sing O
0 cosd -sinéd O 0 1 0 O
R, (0) = . R(@)=| .
0 singd coséd O —sinp 0 cosep O
0 0 0 1] 0 0 0 1] 7
M

orth .

o O O
o o —~ O
o O O O

= O O O




AKCOHOMETPHUYECKHUE MPOCKIUH B
OJHOPOIHBIX KOOPAMHATAX

epemMHOXeHne MaTpuy R R,

(cosp  singsing®  —sinpcosd 0]
0 cosé sin & 0
R.R, =] . ) A
Y sihp —cospsinéd cospcosd O Y
I 0 0 0 1_ —I_‘ .
EanHnyHbi BekTop OX -> [1001], ecnu Yy "—"
€ro NOoBEepPHYTb, TO MOJTyYMUM: 5?.(,“xy ‘
fosgp sinpsing —sinpcosd 1 a " a2

[JVHa NpoeKuun BEKTOpPA Ha MNOCKOCTb:

X = \/X"ierY"iw = Jcos? p +sin? psin 2@




AKCOHOMETPHUYECKHUE MPOCKIUH B
OJHOPOIHBIX KOOPAMHATAX

epemMHOXeHne MaTpuy R R,

0
0

(cosp  singsing®  —sinpcosd 0]
0 cosé sin &
RR =| . _
Y sihp —cosepsinéd cosgcosé
| 0 0 0

EanHnyHbii BekTop OY -> [0101], ecnu
€ro NOoBEepPHYTb, TO MOJTyYMUM:

P cosé sing 1

[JVHa NpoeKuun BEKTOpPA Ha MNOCKOCTb:

1

% =\/X'§W+Y'§y — 0% +cos2 @

’
e

S

......
.....
''''

.
.
T, o
.
LR .
.
‘e .*
g




AKCOHOMETPHUYECKHUE MPOCKIUH B
OJHOPOIHBIX KOOPAMHATAX

[ns N30MeTpun u AMMETPUM CNpPaBeaIMBO P=r:

C0S° @ = cos” @ +sin” psin* 6

A

EanvHnyHbIM BekTop OZ (ans aMMeTpun) -> Y . X' =
““““““““ Xy~

-2 2 ain 2 2

Sin“ @ +cos” psin“ 8 =(1/2) I

Xy

COOTBETCTBEHHO: P sin2 o

Sln — SR 1 N

1-sin°6 a = an

8sin“&—-9sin“H+1=0
sin“@=1/8,0 =20,705° ¢ = 22,208°— dumempus



AKCOHOMETPHUYECKHUE MPOCKIUH B
OJHOPOIHBIX KOOPAMHATAX

[na nomeTpun:

sin “ @ + cos® @sin “ @ = cos’ @
sin @ =1/~/3,0 = 35,26439°

sin“ o 1/3

Sin @ = = =1/2
gp 1-sin“@ 1-1/3

@ = 45° —uzomempus



KocoyrosibHbIE IPOEKIUN

L.sino

P=(0,0,1)

L.cosa

X

[110CKOCTb NMpoeKLuMM coBnagaeT C
)(0)¢
L=1/tan(p)

B- yron mexay HopMaJsibo NM10CKOCTU
MNPOEKLMN N HAMNPaB/IEHWEM NYYEN

- onpenensieT TMN NpPoeKLnn.
oL ONpPeAENseT ropu3oHTaNbHbIN Yron.

Onpenenus xenaemble L n o,
HanpaBneHue npoeunpoBaHms
3a[aeTcA:

(Lcosa, Lsina,-1)



KocoyrosibHbIE IPOEKIUN

Touka P=(0,0,1) 6byaeT npoeumpoBaTbCs B TOUKY:
P’=(lcosa, Isina, 0) Ha nnockoctn XOY,
a P(xy,z) B P(X,Y,0) roe

X, =X+z(lcosa)

y, =Yy+z(lsin a)

MaTpuua KOCOyrosibHOro
npoeLUnpoBaHns

(B popmaTe BeKTopa-
ctonbua):




KocoyrosibHbIE IPOEKIUN

TaknM 06pa3oM, MaTpuLia aKCOHOMETPUYECKON KOCOYrOIbHOM
NpoeKkunn ansg cnyyas npoeumpoBaHms B NIockocTb Z = 0,
BbINOJTHAET cneaytollee:

— BHayane nsjocKoCcTn C 3alaHHON KOOpAMHATON Z, NepeHOCATCS
BAOMb ocn X Ha Z,"L*cosa 1 BAonb ocn Y Ha Z, L sina,

— 3aTeM NpPoM3BOAUTCS NMPOELMpoBaHMe B niockoctb Z = 0.

Pa3nuyHble BapuaHTbl NapannenbHbIX NPoekumMn hopMUPYIOTCS U3
NO/ly4EHHOM MOACTAHOBKOW 3HayeHMn L wn yrnoB o u p. B
YaCTHOCTK, AN POHTANbHOM KOCOYronbHOW ammMeTpun L = 1/2,
CnefoBaTenbHO, Yron [ Mexay npoekTopaMuM W MI0CKOCTbIO
npoeumpoBaHns paBeH arctan2 = 63.4°. Yron xe o paBeH 45" Ho
MO>XHO BblbupaTtb 1 30 n 60°.



[{lenTpansHBIC (PErspective) mpoexinu

LleHTpanbHble npoekunn 6onee croxHble. [TOMMMO pakypca u
NepcnekTuBbl A1 X NOCTPOEHUS AO/MKEH YUMTLIBATLCA TaK Xe N 00bEM
BMAMMOCTU (B BUAE yCEYEHHON nNupamuabl) nnm yron ob3opa (No ABYM
KoopAMHaTaMm).

[lapaMeTpbl:

— LleHTp npoekumn
(centre of projection -COP)

— Yrnel 0630pa (q, f)

— HanpasneHue npoeunpoBaHus
(HopMarsib K NI0CKOCTU NPOoeKLnK)

— BepTukanb napannenbHas
NNOCKOCTU NPOeKLnm
(up direction)

projection pla.ne-h“"""'




Perspective Projections

Consider a perspective projection with the viewpoint at the origin
and a viewing direction oriented along the positive -z axis and the

view-plane located at z = -d

Y _Yp y
_ = — :> -
1 d z/d
a similar construction for X,
—
— - I X ] —_— — —
Xp z/—d X 1 0
Ye| | YV Y | 0 1
. = < =
}f Zp Z/d — 17 0O O
projection 1 —d 2d| |0 o
plane T 1 - /\ ~

divide by homogenous ordinate to
map back to 3D space

o O o o

N < X




Perspective Projections Detalls

X 1 0 0 Ofx
y 01 0 Ofy
~z| |0 0 -1 0]z
1] (00 0 01

Flip z to transform to a left handed co-ordinate
system = increasing z values mean increasing
distance from the viewer.



Perspective Projection

Depending on the application we can use different
mechanisms to specify a perspective view.

Example: the field of view angles may be derived if
the distance to the viewing plane is known.

Example: the viewing direction may be obtained if a
point in the scene is identified that we wish to look
at.
OpenGL supports this by providing different methods
of specifying the perspective view:
— gluLookAt, glFrustrum and
gluPerspective




Perspective Projections

glFrustrum(xmin, xmax, ymin, ymax, zmin, zmax);

(xmin, ymin, -zmin) -

near clipping plane




glFrustrum

Note that all points on the line defined by (xmin, ymin, -
zmin) and COP are mapped to the /ower /eft point on the

viewport.

Also all points on the line defined by (xmax, ymax, -zmin) and

COP are mapped to the upper right corner of the viewport.

The viewing direction is always parallel to -z

It is not necessary to have a symmetric frustrum like:
glFrustrum(-1.0, 1.0, -1.0, 1.0, 5.0, 50.0);

Non symmetric frustrums introduce obligueness into the
projection.
zmin and zmax are specified as positive distances along -z



Perspective Projections

gluPerspective (fov, aspect, near, far);

2
near

:tan9:>h:2neartang



gluPerspective

A utility function to simplify the specification
of perspective views.

Only allows creation of symmetric frustrums.

Viewpoint is at the origin and the viewing
direction is the -z axis.

The field of view angle, fov, must be in the
range [0..180]

. apect allows the creation of a view frustrum
that matches the aspect ratio of the viewport
to eliminate distortion.



Perspective Projections

¢ laree fov (or small near small fov (or laree near



Lens Configurations

10mm Lens (fov = 122°) 20mm Lens (fov = 84°)

35mm Lens (fov = 54°) 200mm Lens (fov = 10°)



Parallel projections

J Specified by a direction to the centre of
projection, rather than a point.
— Centre of projection at infinity.

e Orthographic

— The normal to the projection plane is the same as
the direction to the centre of projection.

e Oblique

— Directions are different.



Parallel Projections in OpenGL®

glOrtho (xmin, xmax, ymin, ymax, zmin, Zzmax)

far clipping plane (at z=-zmax)
) (¥max, ymax, —zmax)

(xmin, ymin, -zmin)

near clipping plane (at z=-zmin

resulting image

Note: we always view in -z direction need to transform world in order to view
in other arbitrary directions.



Isometric projection

- \y
Normal 120° | | | 120°
ADO
— x Z X
Prgjlection All 3 axes equally foreshortened
ane 7 - measurements can be made

- Hence the name I1so-metric




Mathematics of Viewing

' We need to generate the
transformation matrices for perspective
and parallel projections.

e They should be 4x4 matrices to allow
general concatenation.

e And there’s still 3D clipping and more
viewing stuff to look at.



Perspective projection — simplest case

Centre of projection at the origin,

Projection plane at z=d. Projection
y Plane

P(x.y.2)

Pp(Xpiypid)




P@rspective projection — simplest case

From similar triangles :

P(x.y.2)

Po(Xp:Yp,d)




Perspective projection

The transformation can be represented as a 4x4 matrix :

0O 0 O
0 O

1
0
0



Perspective projection

Represent the general projected point P, = K Y Z W'

0O 0 O
0
1




Perspective projection

P=k vy z z/d’

Trouble with this formulation :

Centre of projection fixed at
the origin.

Dropping W to come back to 3D :

X Y E)_L
w' w' w) (z/d’



Finding vanishing points

. For this formulatio n:
o Il{ecall : An axis

vanishing point is the 0
point where the axis 0
intercepts the projection 1
plane - point at infinity. e

E.g to find x axis vanishing point,
multiply by the point :

Ppo=0 0 d_
So we have a1 point perspective.

pvpx:l 0 0 Oi



Alternative formulation

d

Projection plane at z = 0 From similar triangles :

Centre of projection at XN _ o x Y
z=-d

Jp
z+d d

d
Multiply by d

d-x X :

X, = = , =
" z+d (z/d)+1 z+d (z/d)+1



Alternative formulation

d

Projection plane at z = 0,
Centre of projection at
z =-d

Now we can allow d—w




CTepeo MPOEKIIMU — 3TO JIBE COBMEILIEHHBIC
[IEPCICKTUBHBIC IIPOCKIIUM:

J1eBbin
rnas

[MpaBbin
rnas

Crepeo NpoeKIuH

MakcmMMarnbHbIN
3(dEKT — Ha
pacctosiHm 50cm

3KpaH

obbeKkT



Stereo Projection

E iIs the interocular separation, typically 2.5cm to 3cm.
d Is the distance of viewer from display, typically 50cm.

Let 2E = 5¢cm:
_ -1 @€E . -1 . o)
stereo angle & = tan ( 45 tan %O =5.71

A

thus: 2E :%O to preserve angle.

Left eye:




