Digied  Tmage Rimation

e An (i-d‘tn:”-,) TMAGE i3 & 2D
arcay of numbers n.frucn'\:n’
groy \evall 5 caler, disfante or sther
T\w\h'to.\ ea-tities

e Wl ms“\l cantider
Tntenriby [ Brighiwere Tanger € R‘—b R
Colar Tmagar (3-"!“])

e 2 ke&qy Trruepr!
D) Whore  will He luage F e
-_rghm f.:d‘ w.ﬁf?
Z.) How L!% ol Hhe image
4 o Sceme poidt appear?

G-e-mdﬁc Iml.,( F;(mqﬁgn

——

e 3D seeme ffnjte*.r Yo 2D image

e Wi\ asrsume:
3D Scene  conrists oF
opague and reflechve obecks

in a transparent medium (air)

with | er ware li,H‘ Jourees |

e Wn"’ o SLM: imase (i- ‘FOeu:)

= all roys cc-.h: ﬁ‘m o
single Seane  poit f
O
poishpyon ‘fhe imegt




P{u[wlt Cawisric Made!

e Fka erssechve ff°1l"-cﬁo.4 ol

“Pinholg’

Object

o For eah reeme point only

i voy con eher Camera

?inlu.\g = cewher u{ P“’i““"l

Hreugh whidh Al l\i‘,ki- posres
Piabele oo Lis = bluvring
* !i:l-:lg deo Sl = diffrachers bq:u(‘
Llurving

o Lang €xpiwre Hue neaded

Lensless Imaging Systems.
Pinhole Optics

Pinhole optics
focuses images
i without lens

i with infinite
depth of field
217 PINHOLE OPTICS, Us. D) Souree

Snal Ier the ing ray-tracing, we see that

only a small pencil of rays

H passes through a pinhole.
p| nhOI e {A) If we use a wide pinhole,
light from the source spreads
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Diffraction and Pinhole Optics

©)

218 DIFFRACTION LIMITS THE QUALITY OF PINHOLE OPTICS. These three images
of a bulb filament were made using pinholes with decreasing size. (A) When the pinhole
is relatively large, the image rays are not properly converged, and the image is blurred.
(B) Reducing the size of the pinhole improves the focus. (C) Reducing the size of the
pinhole further worsens the focus, due to diffraction. From Ruechardt, 1958.

Diffraction

| Two disadvantages to pinhole systems
i Light collecting power
i Diffraction

| Diffraction
1 When light passes through a small aperture it does not travel in a straight
line
i It is scattered in many directions
1 Processis called diffraction and is a quantum effect

I Human vision

1 At high light levels, pupil (aperture) is small and blurring is due to
diffraction

1 Atlow light levels, pupil is open and blurring is due to lens imperfections

6




Fe,r; rt hve T)f "3' hon

——

o Tueage ¢lane u‘Rquo.( ~“+
2 oxis (called opbeal axis)

o Coawwra ___‘Fra.me ovigin &
-r::i_wi _('I.v éj rf.l‘“ ‘l-\
T
o 35 scne gaiat P2OONEDY
vajeds do inege poit ?Ef_g-;v,.’g')
whare T3 (Focal leit)

-Pu(.gr‘ku of ‘&frpe‘ﬁhe aniedn‘on

OLact e changer as it drenclates
. h -% axit ! C:e-le‘e'f&d')

g
/( Y .. ,4;\
s .IA" e .-A
( ‘:‘é,— P e £
I’
|lﬂl,‘ Pl’-‘::r. !‘E.
n\ J 1 “ lj'l F
n" l‘“*. |“l‘ .'_:'-"E IE-°

=2 disfauce Mv poiats uot preserved

o As € ’n'h' Semaller, more Werld paials
jcd‘ owts Faite image plane =

ore wide dun.:ll l'nvc.
o As ¥ JdT (u,u-' mare 'hle.rc-cfc

o Linesr im 3D pni:d' Jo linesr éa 2D




?er;{c chve Proju‘kon Ceant)

& Pl.(![itt‘f\‘h ffﬂjt$au 4‘!}“&‘:};&“:

|:l?:t \

" " i
> w2 ,,,I-,f‘-n .

*

“
"

o Vanishi ol = polat in (mage
beyont whith rr-iu'[o:u of riaight
line cann oxtend

Center of

ot Projestion
Projection |

3 -

Yanishing Point

o e vanishing ot
— s
* C

A

L Fof_“s .{ Ek"urb-\ CFQ?)

(haen

\ ity spear o Mmove
4{..‘::‘,?' u". awey Frowm o fimd
'.i.ﬂ- colled FoE which is tomwmon

Voicking . Wsstt L o T e

Flane o h“!\

Coamtre, Hanslater, ‘ﬁ\ie devies

10




Octhiagemphic  frojectien

=

Object 2.

Image

o IF freme ol on a plane 2375,

¢
x=X-F = XM
20

s If rvawge of dishmaces o feame Surfacer
it swnall relatue o avarepe dithnee
frow comara  use contfunt 8 ar

erokim"n‘on.
m=l = Oﬂ\!,nfi.iq. rfoju"\'on
x:: x
J=3
s Al vays fl.u.ud +o Hie uf*l'nl PR

11

Or‘ﬂul)flf‘\“t ﬂ'bjl chow (eand)

L.
—&r—
3

Tordz = reasenable

N y
‘“f.k\ml Dw

Ewample: Telephate bewms

-t M{ .L\'u"'C-") ‘:r'- Sl
“ite Pﬂ-\e!f&( 0
and  objecH() are Swa I

o 5‘-5#" rie in  imege doer
act depand on disrtanet "

[T X 21/.%

12




wen.k PI:I‘{.! hve Pf s"ﬁﬁﬂoh

Oblect

\ z

%hugraphi:
Projection

2 Arrt.l'l'l\nl*\‘m 9‘6 ftvgr.g"\‘u‘ fr‘j.
® Mo"wm’ﬁi‘ ffojce'ﬂou + Jfeale:

. Orthegraphic pﬂ'cc‘fl'o-. oufe & f'qug_
®! Pmrz[(:fl& +o 3:-‘,; f‘lu& ot dirhance @
Pevepechve vajechom ento image ’,“'C
v T ST €
lt"(!% ® o, v =L1§"
) seale by 'F/.z-.
o Ol approvimston whem deplt Seane
pg‘:ﬁ <€C  average l{:‘hu:?‘k Camarg

e, 5‘? << 2 13

Projection

Camara. Transfonachons wsing
Hﬁm,ln!dur Gtr&‘nqﬂ!}

o Compiter visiem and compher graphies
£ u.%%'r Npﬂ.lm'l' peists Y
Hamagane sus Cosrdiaghes 3o Yot

Yranshhon  rotuBen and reale changes
are ‘tresfed in Same ey

s Cavterian covedimater 'f(a'y'g)
""C“h'f" at HG-—-JAhQIu.I‘ GQQFJQ
Pwx, wy, WT, w) fr ey reale Achr
wEO.

em D lﬂ.ﬂﬂsi}.‘qm :-.‘-‘r'
) &Exj‘f, %; ""3‘ 'Hll 3D C"Hhtn G.lf‘f

ars ('a![u, Y/, "/"')
1)
o (2,9,%%W) soe (¥, Vo, /v,
( :'a u.l‘u.l.“ *’“"'ﬂ"*\ ?*’ ‘ ﬁh"
(.x!"lg ‘l { 1




U(:-‘n, Hbmn’.nh‘o” Gerall'--*u

. M b'| C"“I‘)

¥z x-q
% y'=9-%

z'sl-c

x L 0o © o)fx
‘l: :lo & o b|{7
x 00 L ¢
' 9 0 O 11
P=TFE

o Scale Chagse " (%, f’,s.;)
x"= x5,
LAREL
T tfa
B'-‘. SP uh-\.u_

oooy
cob O

o400
»O00

15

¢ Rotution abut coordinghe aores
( connterclouwise [osleing Jewards an".‘-.)

b, 0 -]
Ev. Abeut ®-axis:
{x% xcor® - ysin@

y'c > 1m0 +ycor®
=2

= _[tes® -sm0 ©

R,5[sin8 <ces0 o

o (] N

o o o

=000

Als

k. [ © o
¥ | O cord® -5aB
[+] $tn O e B
LCh 0 o

cat® O Sin@
o L o

-si.Q o I'.Me

Lo ©o ©

r

o0
[l *) ||A000

16




o Any “anpfecachan invelving Transichien,
reale o retehen can be writhn ag
P MP
wheve M camsfructed 57 c.mfﬂh'-l,
Framofornchon mobricer

Ex.

o o )Jero s® Offe 0 O
Flb 59 cwr® o||o & ©
6 0 4] o o L|lo o 4

, [ece pria® o (s cos® - b s;na)]
)

asing Pprord  plasin® + bcord
o] o i
loh ve Commuhhve
s Tl A i

[} &.\"bl *W*M&;O— .Ld":* 5{ 'B‘“:

a, &5y Gy T

G %, 4 Ty Atine, Aam
ag A3 %3 (2 eans o7
o © o L1

17

Pfo:‘cc‘kon using Hov«gmuu Gmb

® Puin chve Projachon

)f’= 'E: ,’g :f,_
x

3

R
; "-’i ) 1
|® @Ykg 0
£ g, o
A e o

T

F [magl—

<X
o om0

® Or‘\“Lo]n,‘n'c Pﬂie Hon

x' i ¢ o ol}l/x
v'|[_.lo & o offy
¥| o 0 0 F|[?

o oo i}j1

Torttogrghic

18




® Weak (hrspective ﬂ‘aiﬁ'ﬁbn

"
oo o
coXo
00990

Y
T
i

o (W 8 X
H00

19

° '_\!:ﬁ‘- Sinee image plane & ;-F'
\:u:'u'kvn_ fr.jcd':--. ¢‘m'kuu can
be written as'

= Cawan = (inear 'roju."\‘vq_

Franrform '&on 3 'ﬂiﬂ'ﬂd&
Spree o 2D prejechive plane

o 3InY adtrix  called
Camera gevipedhua profidhen mohix

20

10



Pd -(n'omc'/*y

2 fow ‘ri_’“’ wil an inujg 'Qin't‘
agpear e

o Assume : Li?u' & e (oin‘l" depends
only on the Hy’-ﬂ'n&ﬂ‘ Y
clﬂl‘_cl‘?‘ S\#‘ﬁ“ (Qtn'k" in a.’Mv\
direchion .
(l!!'_" w.;“' :n ‘hm’n ‘N, x-v.

satellite imager fs[ é...,,t.r:;‘a.- b}

6 Tevadiance = pomr/m“. o
(I“\I-\:uo.ltv.) & tadiant @ueryy
-F-.ll:., on a Suvfuce

\\t‘/j E'-'i.‘::— (m'\h/,,;s)

e Radianca = power tmitled per
(_Lun'u\uhn.) untk ares irthe o

I | cone F umk diamitr

21

3 r&[g‘R.nr ot ’m'hru"‘:

. L e E Surface radiance
—o  imsge ircadiance

2. E % LG Surface veflectunce
functon

3 I 4 E‘= Swrica Bn‘,k“'mu'
funchen

22

11



R“ll:“tn b/w -rma’; Trradiance

amd Scene Radiance

p—— ———e—f —

paway -‘ lisk"‘ n 'l"tL llum‘('

E.(f')-; aree -‘ fn'h(. around I

J2
iT

-
-

23

e Solia Aﬂ!h

fu
LA
S = selid emgle pubhended &
e-“;‘-&w:A “n
SA cot'P

- r‘

shore SA cag W = '&"lw-‘cl
orea o JA

as rasn Faen
Seurce ,u'.a-

24

12



:Pl '&f Llov+.a‘ veodi nl!ﬂ
(o.‘:‘n Fﬁ. o .Alv::e*on 9

= SO L-Af2: ¢ces®
S U \ﬁ,'

AL = sak4 ngk -run-M by fewr

Here = 1/{ (fees avas)
l’lg (amgh)
_— e/c.,._( (.u,:.r.h:{%k

] 3
T ea.
@id-‘z = —,'*'& _;l—.‘.

25

Sl‘m""", can compute  rolid awkr

$'I cor
;ﬂ; = (-F/us-c)"

¢ FO cos €
JZ° (2/": -t)‘
R,
B f-l'!: =. r.l!o Fe }—‘E;al
=] Cc.l‘ L3
= l —_— 2')

h ST c-re

Coebineg, e x"‘

tecf$= LT (L) =

e

Y II*IJO tveadiovca ru’av‘ﬁou.f Yo feene redian

o T# d\ﬂvnul Fald of view (ie, —rwu“)
hen C"OL vary swaill and com be .Jnonl

26

13



Rcl-.","b‘on L/w TilwmindRen and
Surface Treadiance

L

A.ﬂ'unh\) PI:I\+ bt swerce Ry

" ﬁ'niﬁ

EQ = T cre: _6; (gi :E)
= X cor 9.:
Bt t0s8; = T'a
whete T and & ore walt vathets

-b o
€ = IR
whave T represaitt dieriRen

an& amourt of

intidest \\J‘u'
27

R! (l’\‘au Lﬁﬂ fur'ﬁcc T;-foﬂuuu.
m‘ -rvv‘ﬂu glih ance

e

s :0%
; >

-

L) = FR.IAY

P J«fho(r on characheriohe
Sarfute o P owd |i;l|+ ’n(u"\'c.r

o £ called Bidivechon Reflechunee
Disti bullon Funifion (BRYFD

™ ank: Lamberton sorfacer

(_fufu't' (2%

- Surfaee  sgpears  egually bri X Y
all dlree‘ﬁwsi y ?

> L -—f- Eo

¢ s called
a“-r.&b 28

14



fo' dor Lamberhion Surfiter
=T
L = f.I "
and, vhan  camers is viewed frawm
o \ony distuneq
E = e iT‘v'\

29

C amera &tr-me‘hf:

o 3 refaremce frames f Swherest ¢

I Cnlwtr'n. 'ngng
origin = ophieal ceuter
. aleq,

center of fn,"u“i‘nn
Yoariy = offieal aris

2. Im I’g 'anu.e_

T(i,j) are gixa!
in dighl image

caardinstes

3. Werld frame
Fiwed, cefetenie frame
in e 3 Steme

o (omera (uamd"ﬂ‘ wred o relste
Hiese 3 fromer

30

15



Cawera, Pacamaeters (cont)

e Extrinsic Parameter relote

camare frame wet world Fame

ﬁ"T'—""'"’ Y'-
o U

un; ) 4 '*'“f{.'hﬁ(‘.'l. JC#-OJ ‘,
(ﬁ rurmd*ﬂr: i
2D framslabion vechy T
3x3 vohtion matrie R
(QV‘KOJ.“‘[ h‘h\‘k >
Qo-l|1 3 *0‘;:)

31

° In'h’l"!j-'c, P& I'mm!‘hl\';‘ re 't.+¢

comira Jrame wrl imepe frame

D fur Pur{;c‘b\u Inejad'i‘ca

canbtra mslc\’ J‘{cm'-" .

. .A‘.I /!h,ﬂ' 'F.

o coords taange amiir aviptn
R'd‘i‘:& + 'f-'neu'{s' ‘Iﬂ'u""
5 2 parems (e, o,)

o Seale fctowr in x ad y
dire ¢l

=2 pareme (5, %)

= - (% 0u) S
1= = (e ~00)%y

L‘Ma, L “‘f‘i r‘"’
S w i,
o o e
fiomt

32

16



o If comers offiy inreduce
Sf)aiﬁ';a-"" o\i:‘f'w'ﬁ'ourl Yhea
add pqrauo‘hrr Ju  cerrech,
Hﬂi’ Comamdn +’f¢1

- Radial  dirforhan
athu |
el o“-t'i'
/ fes

Seeme
x= 2 (1+ ke lgr)
s B s )

Sy where
ceartd . rz_ Xti- L
A.:'s“"‘ftt,f =Xt
w .{"rw‘
Ky, Ky porameters 33

Camern  Parameters

m—

I-\ J‘un\mav" nud

o (o exlune comera pnnm‘hﬂ
« b ( wiue "t, ) iwfrinnie f“"-"‘d‘.‘!
("". ak; °Y| ‘a, ’Y; k‘)

BQHCIM U'F er'ﬁmnf\‘. ‘f‘e.h.
?"’""ﬂ\d‘"‘ C‘(I“ jCa /f‘ru?"u. ﬂ-‘/ﬂh

17



Tmace oY iji'l’i}d‘l‘-n

o The /image “M‘nj o Fhe jmage
rhqg can be 7"":’[,1‘ oF asr a
confinuous Ranehonm g 2 V"h“ﬂ"
'F("c‘})

& 2 isrues if '-'-f““\'nj Jg‘ bl wage
I, SAMmfLING
Qu H’ﬂ 3 Qe zm ‘F ‘F ~ta
ﬁ;:u,‘;z J‘:é {.rcu\. numbers -
called J‘lu(lu ov c‘mf:,
uN'I!L' rq\.hrl, Spaced on

o« vef n)u./gr Jri&.
3. QuArTIRATIGN
Quatize e range o f +
' d'\.w‘;th sat % veal numbers
called 3%y levels, Usually

represeited a5 nom- m’d-hn.
integers .

35

Tonn 5e S;m, I“nj

® whd' Jﬂ.‘t 3;,'. is SU‘FREI‘Q\',‘ Yo
encode om image 7 T.e,

fron a sat 4 :qu.ffe:, recon.r"ﬂ-d'
qu,d"z *h Cen"‘;nuhu

(mage
fanchan 7

M‘_ I+ d-n,ud: on imaje
content "

-If ;mn"g is nearly consYanl)
Hen few .r.....,.k: needed .

e I immapes " ‘lr:;l/, h(&ncl,
frue dehail, Vien fiue
_Q.,,/,'.:’ r.o’ufﬂ.‘_

kel freguiney combeut”

{ image

36

18



F:un' (X T\"\-nr‘/:fm

A co..‘Hnuo-.g TAnnse 'Angﬂ“ 'F("‘o!)
cam be f(/'e.rlu'l"l ar A Lum of
jnfiatte ‘nunhr of sinusoid of
form et v ke

-

e = el uyxy +

)
S owx

¢ @ - J[fend T

oo e
Townar -‘:ﬁfi;un.

—

o ftun) « [ Feane

N Wﬁ‘“‘"

\ for low .r,d‘\‘d ﬁ«"ueue:q

Ay

Llux+vy) dudy

,U) ha.u
((:'-l) Uy fe M ’f‘*'( ‘p!l-mu‘q

37

SL anvon g.dw\t Io‘fu‘ Theorew

pr—

TF F is bandliwited,
ey Fluvy=0 V¥ |ul> Ve,
[v‘?'ﬂ'/k
Huem 'F com be reconstrucled
-O.m.o'Hy from & .r‘...,ld vererom
'Fu\_'-: f(kw, 14) k4 a'n'h',cr:

]c, :
0 - Sim (1\' (Jt/ﬂ-k»
'FD':'I) = 2 z{\u T (agfw= ) '

Az
il (op=4))
I¢ ouh‘ j'ﬁ'ﬂ-( 'ﬁ:aum‘q —WT

sige < ocewnr,

Sy ling ¥
o g ok

Re-0

38

19



39

40

20



41

42

21



43

22



The Human Eye

Limitations of human
vision
i theimageis upside-
down!
i high resolution vision
only in the fovea

« only one small foveain
man

« other animals (birds,
cheetas) have different
foveal organizations

i blind spot
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Color Cameras

| Two types of color cameras

1 three builtin filters
- three images are collected through red, green and blue filters
- such cameras are 3x slower than comparable black and white
cameras
i 3 CCD arrays packed together, each sensitive to
different wavelengths of light
- more similar to human vision
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