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Digital Image Acquisition:

From Physical Image to Digital Image
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FIGURE 2.15 An example of the digital image acquisition process. (a) Energy (“illumination™) source. (b) An el-
ement of a scene. (¢) Imaging #ystem. (d) Projection of the scene onto the image plane. (e) Digitized image.
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Digital Image Acquisition:
From Physical Image to Digital Image

Generally an image cannot be
represented by an analytic function

Instead represent it as a tabulated
function

e Sampling

Process of mapping a continuous
function to discrete

NOTE: pixels are samples from physical
image

e Photoreceptors in eye

e CCD array

e Quantization
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Process of mapping continuous variable
to discrete
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Preliminaries

|£|rr(1) 5(x)dx =1

)

5(x)=0,x%0

Delta function:

Sampling function:

comb(x) = i J(x—nAx)

N=-—o0
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000
Preliminaries — Fourier Transform $se
o
1D FT {(t) - F(w)= [ f@)exp(- j2athh
1-D Inverse FT: F(a)) - f (t) = %TjiF(w)ede 2wt)da)
2-D FT: f(xy) - F(a)x,a)y): }} f(x,y) exp{— j(wxx+a)yy)]dxdy
2-D Inverse FT: F(CUX,CU ) - f X y }]: (CU ,wy)eXF{j(wxX"'wa)dwxdwy
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Fourier

Image

Fourier
Transform

‘ransform Pair - examp
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Fourier Transform Pair - example
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Fourier Transform Pair - example

Image

Fourier
Transform
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Preliminaries — Convolution
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f(x) O g(x):If()l)g(x—)l)d)l
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Image from Mark Meyer
http://www.gg.caltech.edu/~cs174ta/

Convolution f (x) [] h(x) - F (CU)H (Cu)

Theorem:

Flw)OH(w) - f(x)h(x)
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Physical - Discrete Image

Physical Image: f, (X, y)

Fnction, SO, Y) =Y Y S(x-mAx, y-nay)

sampled Image: (X, ) = f, (%, y)s(x ¥)= 5 5 f, (max, nay)a(x - max, y - nay)
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Spatial Sampling

((03) - Flo)= 2R .0)0 o)

arr Z Z 5(a)x - M, W, = na)ys)

s(x,y) - S(wx’wY): My

FS(wX’wy):AixAyJ’J’F' (a)x -a,, —,B)Z Zd(a—mwxs,ﬂ—nwys)

Fs(a)x,a)y): AixAy Z Z F (a)x -MW,, W, — na)ys)
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Recovering Original Image from Samples

Interpolation
filter 7

Fsle,ay) Fele @) «,
Y AT
AA/\/\N\A\A?C\UM «,

» Should have no spectrum overlap in fs(X, y)

« r(x,y) should be able to filter out f,(x,y) when m,nz0

fs(X’ y) > I‘(X, y) > fR(X’ Y)

N fo(x y)= Z Z f, (mAX, nAy)r (x — mAx, y — nAy) .



Recovering Original Image from Samples

Interpolation
filter Q,

Fole,

Tt vy R VA

LTy Ay .

FR(ch,ccy) = Fs(ccx,coy)R(ccx,coy)

Fr (wx’a)y)

= AxlAy R(wx,a)y); Z F (a)x - M, W, — na)ys)
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Nyquist Frequency for Sampling

A a“‘y wys _ Jl
&y, 2 Ay
AN
X
> wx
w,. _ 71
\ 2 X
\
a“XC
@, 7
Condition for Perfect W = ZS Ax< .
Reconstruction: w. -~OR- o
W, <—> Ay<—
ye Yy
2 Wy,
Nyquist Rate: Oversampling: Undersampling:
aXS = 2C(JXC wXS > 2C(JXC wXS < 26(JXC
2/5/2008 wyS - ZC()yC wys > 2C‘)yc wys < 26‘)yc 15



Problem with Undersampling 0ecsc
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Problem with Undersampling 0ecec
&, 444
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Problem with Undersampling
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Fold over
frequencies

Aliasing Error

* Not correctable with post filtering
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Aliasing

* At reconstruction
signal will be mistaken
for some simpler
signal (there is no
enough knowledge
about the signal)
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Image from Robert L. Cook, "Stochastic Sampling Bigtributed Ray Tracing", An

Introduction to Ray Tracing, Andrew Glassner, édademic Press Limited, 1989.
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Aliasing Error — Visual Perception

Original image Down-sampled

version
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Spatial Sampling Theorem

Band-limited image (X Y) ,i.e. F(a)x,a)y): 0 |w|>aw,, ‘a)y‘ >0,
Sampled uniformly on the rectangular grid at A%, AY intervals is
recoverable without error from the sample values f (mAX, nAy)

if sampling rate is greater than the Nyquist rate!

The recovered signal is given by:

fR(x, y) = ; Z f (mAx, nAy)r (x— MAX, y — nAy)

_ Kay @, sin(w, x) silj(o;yL‘y)
) = x) e, y)
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Temporal Aliasing - Video

 Strobing effect

* Flickering effect
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Zoom-in Reconstruction
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Bilinear Interpolation
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Bilinear Interpolation

f,(p) =@-p)C+ pD

(0,1 P ( o (1,1)

f (00)= A
A f (L0)=B
f (0)=C
flY=D
(0,1 P o (1,1)
q |- f(pa)=2
0 Q >
©0  p @O
f,(p) =@-p)C+pD
01 P '/ o (1,1)

q

v
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O) E (@)
0O p \ (1,0)

f,(p) =@-p)A+pB

©) | (@)
(0,0) p \ (1,0)

‘@/ f,(P) = A~ P)A+ P

f(p,a)=Qa-a)f,(p)+af,(p)
=@-q)[@- p)A+ pB] +q[(1- p)C + pD]
=@-p)d-g)A+pl-g)B+(1-p)gC+ pgD
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Quantization
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Quantization

e Continuous Valued Samples - Discrete Valued Samples

Decision levels

d, d, d, d, d, d d,;, d,
—C e IR
aL IfO r1 ri—l rJ' rJ—l aU
Reconstruction levels
e |sSsues:
o J=?

e Placement of reconstruction levels ?
e Placement of decision levels ?

e Error?

2/5/2008
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Image Histogram

foN J f(m!n)D{rO’rl’”"rk"”’rL—l}
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H
histogram
>
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Image Histogram: example
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Dark image

Bnght image

Loww-conlrast image

High-tonlrast image

EIHETE
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TABLE 8.1-1. Placement of decision and reconstruction tevels for Max quantizer

Uniform Gaussian Laplacian Raylzigh
Bits d, F “ fi d; Fi 4 i
1 —1.0000  —0.5000 — 07579 - -0.7071 (.00 1.2657
0.0000 (3. 3000 0.0000 {.7979 (3.0000 0.7071 2.0985 2973
1 {MHX) = Y 0
2 —L.ODOD  —0.7500) — —1.5104 — 0 — 18340 {.0000 Q8079
05000 —0.2500  —09816 —04528 —1.126% —04198 12545 17010
— (L0000 (.2500 (.0000 04528 00000 04198 2.1667 2.6325
05000 {1.7500 09816 1.5104 1.1269 18340 3.2465 3.8604
10000 o oo o
3 —1.0000  ~0R750 - —-21519 — — 10807 £.0000 05016
07500 06250 — 179 —1343% 2379 16725 17613 10222
—0s000  —03750  — 10800 -D7560 12527 08330 1.2594 1.4966
2500 —0.1250  —0.5005 —02451  —0.5332 02334 1.7321 19688
00000 0.1250 0.00C0 0.2451 03,0000 (.2334 2.2182 24875
.2500 03750 0.500% 0.7560 0.5332 ORI30G 21476 30277
0, 5000 {.6250 1.0500 1.3439 1.2527 1.6725 33707 37137
0.7500 08750 1.7479 21519 2.3796 30867 4.2124 47111
10000 ) o0 o
4 — 10000 —09375 — —27320 — o ~ 44311 00000 0.3057
—08750 —0812S 24008 —20690 —3.7240 30169 04606 0.6156
_07500  —06%75  —1.8435 — 16180 —235971 21773 0.7509 0(.8863
06350 05625 —1d43h1 —1.2562 —13876 — 15778 1.0130 1.1397
05000 —04375 0 10993 00423 —13444 11110 12614 13850
03750 —0.2125 07995 06368 09198 07287 1.5064 16277
02500 —01875 —0.5224  —03880 —05667 (404K 1.7499 1 8721
—0.1250 —006e25  —02582  —01284  —0.I664 — (1240 1.5970 21220
£.00000 00625 0.0000 0.1284 (.0000 0.1240 22317 23814
01230 01875 0.2582 (13880 {(1.2644 0.4043 25182 2.6550
0.2500 03125 {15224 (.6568 0.5667 0.7287 2.8021 2.0492
0.3750 04375 0.79405 0.8423 09198 11110 31110 32729
0.5000 (0.5625 1.0943 1.2562 1.3444 1.5778 34566 16403
06250 {L6873 1437 16150 18776 27T FH588 4.077?
0.7500 08125 1.8435 1.0690 2.5971 3.016% 43579 46385
08750 0.9375 24008 17326 37240 44311 3.0649 54913
{ 0000 o T ')
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o
TABLE 6.1-2, Companding quantization transformations
Probubility Density Forward Transformation Imverse Transformation
. L] r?f 'r o i =14 .
(laussian pif)=12a6")"" '¢ip—j"— :;-ieﬂ’{i} f=\2oel™" 24,
) {Iﬁl I '.'r
.\ -l
Ravleigh _f _.r oX __f_: (:i. . pxnj _"_3 IA=[ r.-'E,,;l“].-lrhrl&_ll;‘]:l_]l,‘."
aylaig purls =i P 292 g | T2 : N t
x . 1 i =1 = ' i i U
pify=Sexpl—zlfl] g=14[1—-exp| -2/} f=z0 f=—;!n,l—2;;, dz=
2 | | : P S
Laplacian 1=1"'E— g=—3%[1—expixf] =0 } —;ln,l+1-,.r. g=0

o

z "
where erf(x] = — f expl =y )y

VJ:‘!
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Luminance - Contrast
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Quantization: seee
Contouring Problem set

1-bit 2-bit 3-bit

5-bit 6-bit 7-bit 8-bit

2/5/2008 37
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Dithering

Original
(8 bits)

2/5/2008

Uniform Random
Quantization Dither
(1 bit) (1 bit)

Image from Thomas Funkhouser’s lecture in Princétoiversity.
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Dithering: Ordered vs. Random

Original Ordered
(8 bits) Dither
(1 bit)
2/5/2008 Image from Thomas Funkhouser’s lecture in Princétoiversity. 39




Half-tone

2/5/2008

Image from Thomas Funkhouser’s lecture in Princétoiversity.
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Half-tone

Newspaper Image
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From New York Times, 9/21/99

Image from Thomas Funkhouser’s lecture in Princétoiversity.
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Half-tone: how many gray -levels 2.
per block? set

0 1 2 3 4
0=1<02 0.2=|=<04 04 =[=08 DE=|<08 DE=1=1.0

7
07 =1=08

Image from Thomas Funkhouser’s lecture in Princétoiversity.

2/5/2008 42




