GE

B S L




TS AT

- El&EIF= (Graphics)

s BUEAREBEUTER
» i LZ—?—U HRIHFEIR

« RA. 1R35Al. T&EE
ﬁﬂ\] }\Aw_l.l)/u I:Ill_;

R4

- WEFY, BEXREHIEIE]

[ )
Il‘r

=39

« TNV EACIEFRIINTEE
- Bz, BESHIERS




\\/

REF

s BN VEAREUTTER

- TIEFY, BXTEHFER

« BRIBTREI S pRIRIE

- A IEER,

« 1T

« =TT

 REBRY: RBFAFERIEER. (ZEIKFE
- BEHRY: ARFNIERER AR




\ | /7 A2
O .
FERY Hlumination (energy)

..’/// L\ source

(Internal) image plane

Scene element

R

ARFS

Source: A. Efros



ElNREIAZRX

chject filrm

RADPRFKIZ LT LA BRARA -
- EREWMEEAYR@
* X — NIRRT
* BN=BETAY



FrFLARIEM

cbject barrier filrm

a
—

II—EREIR L K 2R
/Xﬁ@cﬁﬂ T |
« BRERE LS EAZIR?




Camera Obscura IE#§



At 2R EE2BE?

BAN &S 18T R
LRV AR E?

Slide by A. Efros http://www.debevec.org/Pinhole/



http://www.debevec.org/Pinhole/35mm-pinhole-camera.jpg
http://www.debevec.org/Pinhole/

Rk

chject lens filrm

\*§§§§\“\¢ﬁmmma”

RARBEITH LR LIW IR
* RPEAETERR TR
© HfhERA T A B
R R F R



=5iS]

AEIEEER LUET
ST



HRES

AR DUE{A A — B4R
* Iris 4T — =l EEFL K/
+ Pupil B, — B4 KB
« REEME?
— retina f M &



Projection $28%: What You See (with Eyes) is What You Get?



Projection 125: B MAES



Miiller-Lyer lllusion

/N /N

VY
N\

https://en.wikipedia.org/wiki/Muller-Lyer illusion

N/


https://en.wikipedia.org/wiki/Müller-Lyer_illusion

Modeling projection: $Za2t<E!

* /_l_ﬁ?z‘%ab
- FEASLBYISOEI, =M RNERRE
FIBSEMR £, MR —4EE %
o F/INFL Y ELLFRIE & (Center of Projection, or
COP)

Center of Projection (COP)

« ERN-E (8 Projection Plane &5 ) L%

OIS 7 SR S
* NI TETREREGRTESZHER
* STV FRzA R R T E), AT FT{EARR

BAMERKE (BRRE) MASHEYRER
241

Image Plane



Modeling projection: $Za2t<E!

* AT
- ZH SRR H#EGYEm L from
(x,y,z) to COP
— BIl=FAF Center of Projection (COP) X,y f)
(mayaz)_}(f_af_af) e T x.y. 2
A A
- ERRYmE: >Z
£ .Y
(a:?yﬁz) — (f_n f_)
A Z
Imz;ge Plane




Homogeneous coordinates : 3F/X 4445

s WRB T ELR M TR (/2), AT ERERERRT
o fERTFRAAR

SR R AR

MFERLIREEIRE| = 4 A AR



Perspective Projection: EfRIREs

IR A TR AR AR FE TR SRR R

(1 0 O] v o

o1 0 o [Y=]u|= (L Y

0 0 1/f 0 i z/f) 2 "z
o 2 T B0 0 S E AR FR

X BRI
« EIMEREE IR



Orthographic projection: IE3ZgH®Z  Center of Projection (COP) X,y f

« —FIRRNIBEIIR T
- BR T EMRREELRIEZ

Image Plane

=y | =@y
1










» Scaled orthographic: #&HIF
HERENTIE EF T, M

IR, AIFBmEA

MAS Mo E

LA EH M1

J@,HLI ‘Weak Perspective 55iE IR

* Affine projection: {H&¢ &%ﬁ
« th“Paraperspective Y4715

|
-

| 1/d |

= (dx. dy)

Sal:REZLEN

ERIAR/N



w54 R TN (3D to 2D)

: \

Point of observation

BAMRKR T T 42
¢ WA RHLH)
c BB (KE)

Slide by A. Efros
Figures © Stephen E. Palmer, 2002



IR TERR

 Many-to-one: BRI F— £ HE MR LRPERRHE— 4

VAR

)'LE/ — =
s RO REZELER
o Qj% N Qj% Center of Projection (COP) X,y f)

- WRR (BEKL) HNESTMRA
° SLE —> M/ E]
- BRR (EKE) NEXEML%

Image Plane



THLEOARROT—R

BREFTZDMERR

=K

K &5 vanishing point

BREED Z:Eﬁl?ﬂ—/ﬂ'\zlz T BRI AB—KIE?




NS

AR (X,

>ﬁ'¥
=+
)
;

N
R
&
o=
/@

» AR AMBUAEA A9 1L
z) WE | ERBRERLY

Camera W
Yy
COP O
u
\Y;
E/\Eg E/‘] %*T ?x ot.
1. SRR 9 X

2. FEALAEER
3. E{&AER Z “The World”



RS EN

LAY 7 GELVIRES E R AL FR

Figure credit: Peter Hedman



NS

B FARFRER T y, 2) 3 E|
« 18 (x y, o) BBHLREYLRET
s BIIREREMAY

« BYINLE (HFRLERET)
« BV R (HFLIRET)

c ARTERIKTE

\

J

3

R

APRER

- FEMERNAZ

R E



NS

HEIERZ S
o HEAFEROSHFLIRRATIRT
- ERYTEEEAER
- I f, BBHPOR (c, c) BB HHE
- BEEAIES LBA NS

BE AT o l /
ST k ok k% v , o
X= [Sy| = |* * *x *k 71 = 11X J (il:r;ﬁ_ 1 ff)
S * %k k%
1

- BERBERZTHRNEIMN o
o M ESHIPEEX LT HRIFR

identity matrix

s @)1 00 0] R gL ‘/T
=0 af ¢| |0 1 0 0 {05}“‘_5 fgl} lﬂ'ﬂf” '{*}“]
0 0 1|0 0 1 of 7" b
) RZ S BE ) ke AR R

TEIF T - Y =R
* lﬁ/ﬂi/%\- :LXE/E{/_KE

BEE, ASSHENRER!

R
\



IT: gAfer it SRAR AR Y &= (%, Y, 2)
S B E®RALR (u,v) b



RO AR R, XEE A, yHiE T, Z%H @ 5

Step LT SR ALFRABI T #2 ¢




I AR R, xEE A, yElifE T, Z5HE 5

Step LR AFRRNTH -

B




LD AR, XE e A, yEE) R, Z%6 @) BY

Step LT SR MAFRA T HE ¢
Step 2: g% R

3x3 rotation matrix




gE R R & xXElE A,
vEHE T, zEH[E §Y

Center of Projection (COP) x,y, T

Image Plane

H R IRARITHE -c

Step 1.7
Step 2:

ieks R

(with extra row/column of [0 0 0 1])



BRI

&

f 0 |1 0 O

0O f ¢ |0 1 0

00 1/[0 01
K s=sssrnsng

CE)

[5G

—#kit K= [0 af ¢
0 0 1

YL (—REIBRIEAR I EEIR)
S M (—RZ0 BRIFEMGTFE SN = 8 AR
ER (—RREW/2,h/2) BRIFHILRT)

oo O

= B 2 m)

(E=%%EFF)



—RRAE R SIREL

- 2D 55T . W4 F(E

K =




=3iiS

NEIEEEE B ANERY
REY

Fredo Durand



£l

o] ASEIK

24mm 50mm

200mm

» W DU HE 7 X H



=5iS]

AEIEIENLIES
AEEESHI=E



Fredo Durand



N7 A S5EFEF CheatSheet



ERI= M [IEERERL

/1L

\I[T



ANE R THIRERANE]

B4

TAlAE=m

ZEE PN NS
TIE!

[T (8% mvERXk  KERX



http://petapixel.com/2013/01/11/how-focal-length-affects-your-subjects-apparent-weight-as-seen-with-a-

cat/
Fredo Durand


http://petapixel.com/2013/01/11/how-focal-length-affects-your-subjects-apparent-weight-as-seen-with-a-cat/

BHERE

« HIBERYEHZE HIN

XAPFIL

ource: F. Duran



BHERE

« BATME?

[m]_E R &R L RISRABYLIARE, WK EER R LR 1)
e5iky/ NulNa S ) ) £ B AR IR E R R IX A 5]

o fRRTTE: view camera (lens shifted w.r.t. film)

http://en.wikipedia.org/wiki/P
erspective correction lens

Source:; F. Durand


http://en.wikipedia.org/wiki/Perspective_correction_lens

BHERE

« R

ource: F. Duran



BHERE
o IR RE AT RRIR?




EIEE: AR



BHERE

 SMERHETFEERERX
* Problem pointed out by Da Vinc

Slide by F. Durand



https://aaronhertzmann.com/2022/02/28/how-does-perspective-work.htm|



https://aaronhertzmann.com/2022/02/28/how-does-perspective-work.html

Distortion-Free Wide-Angle Portraits on Camera Phones

YiChang Shih, Wei-Sheng Lai, and Chia-Kai Liang, Distortion-Free Wide-
Angle Portraits on Camera Phones, SIGGRAPH 2019
https://people.csail. mit.edu/yichangshih/wide angle portrait/



https://people.csail.mit.edu/yichangshih/wide_angle_portrait/

SAFIRERXR?

https://baljiahao.baidu.com/s?id=1614554646776556897&wfr=spider&for=pc



JBL

1

V.5

—J IR,

JLES




BAENSHRX

chject lens filrm

\ TR

RARBEITH LR LIW IR
* RPEAETERR TR
© HfhERA T A B
* ALY I AR EE




IRRREL . =Y TR 1T IR

/ \
s WA
- SHERPIHEGFEEL: from
(x,y,z) to COP

- H=AK
L LY
(z,y,2) = (f—, =, f)
z' "z

— HTEEMEm:

(@.y,2) = (f=. f2)

Center of Projection (COP) x,y', T

Image Plane






HENIRS:: SRS

LAY 7 GELVIRES E R AL FR

Figure credit: Peter Hedman



HINSHSIRRERRNXER

ﬁﬂﬁﬁ%ﬁﬁ

B F RO ST LIRR Y TIRT

- B TFEEEAER

C EEE 1 ERTILA (o, o), ERH PR

« BeNHNS den' Ne

BE AT

ST * ok ok ok
X= |8y = |* =*®= *x =x
5 * ok ¥ ¥

- BERBERZTHRNEIMN
o M ESHIPEEX LT HRIFR

f s ¢ | (1 0 0O
II=10 af ¢ | |0 1 0
0O 0 1] (0 0 1

) e ) 87

T SN
¢ -LH/3£/§\-

= IIX

0
0 {R:szs 03 1} [
0 01x3 0
B ek
SCHEHIIR S 2!

I3x3

identity matrix

/

T3y
O1x3 0
Ak FRAF R



N7 A S5EFEF CheatSheet



ANE R THIRERANE]

B4

TAlAE=m

ZEE PN NS
TIE!

[T (8% mvERXk  KERX



BHERE

« BATME?

[m]_E R &R L RISRABYLIARE, WK EER R LR 1)
e5iky/ NulNa S ) ) £ B AR IR E R R IX A 5]

o fRRTTE: view camera (lens shifted w.r.t. film)

http://en.wikipedia.org/wiki/P
erspective correction lens

Source:; F. Durand


http://en.wikipedia.org/wiki/Perspective_correction_lens

SAFIRERXR?

https://baljiahao.baidu.com/s?id=1614554646776556897&wfr=spider&for=pc






W RIE

Center of Projection (COP) X,y T

v Image Plane



Ames Room: 555 E A MEIRY7






\\/

REF

s BN VEAREUTTER

- TIEFY, BXTEHFER

« BRIBTREI S pRIRIE

- A IEER,

« 1T

« =TT

 REBRY: RBFAFERIEER. (ZEIKFE
- BEHRY: ARFNIERER AR




SR/ LRI

Vermeer's Music Lesson

Reconstructions by Criminisi et al.



T4 AR —RK: JHKS vanishing point




Horizon Line

' \Vanishing

Figure 23.4
A perspective view of a set of parallel lines in the plane. All of the lines converge to
a single vanishing point.
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St. Jerome in his Study, H. Steenwick

Bringing Pictorial Space to Life: Computer Techniques for the Analysis of Paintings.
Antonio Criminisi, Martin Kemp, Andrew Zisserman. 2002.
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Disparity = inverse depth

http://stereo.nypl.org/view/41729

(Or, hold a finger in front of your face and wink each eye in succession.)
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reference view neighbor views

Source: Y. Furukawa
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reference view neighbor views

Source: Y. Furukawa
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Virtual Reality Video

Anderson, et al. Jump: Virtual Reality
Video. SIGGRAPH Asia 2016.

Broxton, et al. /mmersive Light Field Video with
a Layered Mesh Representation. SIGGRAPH
2020.
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