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Module 1:
Imaging

ProjectorI

Arduino




Image

Merriam-Webster: A visual representation of something

Imaging

Merriam-Webster: the action or the process of producing an image



Different Images




Imaging Systems in General
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(electronics, control, computing, algorithms, visualization...)
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Projection Xray




Projection Xray




Tomography

‘tomo’ - slice
‘graphy’ — to write

Assume it is not desirable to slice open leg. How
does tomography visualizes cross-sectional slices?



Sagittal Slices

From Projections

Projections
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3D Rendering from Slices




Computed Tomography

Detector array

Sinogram cross-section

O

X-ray source



Computed Tomography

http://www.youtube.com/watch?v=4gklQHM19aY &feature=related


http://www.youtube.com/watch?v=4gklQHM19aY&feature=related

Modeling Tomography

y q 1 . e_(x1+x2+xix4+x5+x6) — j\;

log{e~itatatutito)y = Jog ()

* y = —log{y}

xl+xZ+X3+X4+x5+x6:y

.... ory is the sum of x-ray attenuation coefficients along a line



Modeling Tomography

power=1

y=1-x

Unknown Measurement —
]



Modeling Tomography

power=1

y=xl+X2+X3+X4

v

Unknown Measurement 1 equation 4 unknowns!

W



Modeling Tomography

power=1

VI =X T X

Y2

X3 +X4

Unknown Measurement 2 equation 4 unknowns!

e



Modeling Tomography

power=1

Y1 =X 1 X
Yo =

Y3 =X

Y4 = %9)

X3 +X4

+ X3

Can we solve this?

Xy



Modeling Tomography

AWQ”

yl Y1 =X+ X%
Yy = X3+ Xy
Y3 = X T X3
yz Y4 = %) Xy
ys & V/2x, +1/2x,

yS %.xl +_.XZ+Z.X3 +X4
May be able to solve this!



Modeling Tomography

Possible reconstruction

Blurred version of :




All our measurements are (converted to) /inear

What does that mean? | Each variable (x) is multiplied by a scalar to
contribute to the measurement

Yi =X X
W = X3+ Xy
Y3 = X T X3

y4= +x2 +X4

V5 = \/5 Xq 4+ \/5 X, Linear Algebra is what

we nheed to solve it!




Camera Model

Lens maps image onto sensor
Each pixel is sensed separately

y' — 1 = x- All pixe|S sensed in para“el

Anatomy of an Active Pixel Sensqy

IIIII

Microlens

Amplifier

- Potential
Well

Focusing

Intensity=1




Single Pixel Scanner

* What if we had only a single sensor?
* How can we create an image?

Intensity=1




Non-moving Single Pixel Camera

* Use a projector to illuminate pixels
* Sense reflected light with a sensor

Intensity=1




Non-moving Single Pixel Camera

* Use a projector to illuminate several pixels!
» Sense reflected light with a sensor
* Make many measurements and solve the equations!

Intensity=1

yl =x1+X2+X3+X4+x5 +x6

Similar math as Tomography!



Non-moving Single Pixel Camera

* Use a projector to illuminate several pixels!
» Sense reflected light with a sensor
* Make many measurements and solve the equations!

Intensity=1
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Similar math as Tomography!



Non-moving Single Pixel Camera

* Use a projector to illuminate several pixels!
» Sense reflected light with a sensor
* Make many measurements and solve the equations!

Intensity=1
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Non-moving Single Pixel Camera

* Use a projector to illuminate several pixels!
» Sense reflected light with a sensor
* Make many measurements and solve the equations!

mey -

Similar math as Tomography!



Non-moving Single Pixel Camera

* Use a projector to illuminate several pixels!
» Sense reflected light with a sensor
* Make many measurements and solve the equations!

Intensity=1
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Similar math as Tomography!



Non-moving Single Pixel Camera

* Use a projector to illuminate several pixels!
» Sense reflected light with a sensor
* Make many measurements and solve the equations!

Intensity=1

Similar math as To saphy!



Non-moving Single Pixel Camera

* Use a projector to illuminate several pixels!
» Sense reflected light with a sensor
* Make many measurements and solve the equations!

Intensity=1

Similar math as Tomography!



Imaging Lab #1 Setup
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Imaging Lab #1

Analog Analog to Post
Sensor L . .
Circuit Digital Processing
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Non-moving Single Pixel Camera

* How many measurements do you need?
* What are the best patterns?

IntenS|ty 1
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What is linear algebra®?

* The study of linear functions and linear equations, typically using
vectors and matrices

* Linearity is not always applicable, but can be a good first-order
approximation

* There exist good fast algorithms to solve these problems



Linear Equations

* Definition:
Consider: f(x{, Xy, =+, Xy) : R" = R
f is linear if the following identity holds:
(1) Homogeneity:
flaxy, -, axy) = af(xq, . .., Xy)
(2) Super Position: if x; =y, + z,, then
JO+ 20 v+ zy) =0 0w H (2 o005 2y)
Claim: linear functions can always be expressed as:

f(x1, X5, 0, Xn) = C1 X1 + CpXy + -+ + CyXy



Proof for [R?

o f(xy, X5) R? = R is linear. Need to prove: f(xy, %) = c1x; + 6,

Trick: 2
// j‘ e

xp=1-+0-x = X| = X1V T X%

Xy = O\\ X1 + 1\\' X9 — .x2 — x1y2 + .X2Z2
Ix By

So,
Jx, %) = foy + %20, X1y, + X,2)
= X1/ (V1> Y2) + %, (21, 25)

— xlf(la()) + fo(Oal)
\ A\

Cy C,

— Clxl + CzXz



Linear Set of Equations

* Consider the set of M linear equations with N variables:
Clllxl + a12x2 + 0 + aleN — bl
a21x1 ~+ a22X2 + .- + aZN.xN — bz

ClMlxl + aM2X2 + .- + CIMNXN — bM

* Can be written compactly using augmented matrix:




Back to Tomography o+ 1ox, 401401, =4

1 -
O0-x+0-%+1-x3+1-x,=3
1'.X1+O'X2+1'X3+O'X4:2
O-xy+1-%+0-x35+1-x,=5

\/§x1+0-x2+0-x3+\/§x4=3\/§
_ _

Xg | 3

2 S 32




Back to Tomography Lox 41 5,40 x40 x, =4

O'X1+O'XZ+1'X3+1°X4:3
1'.X1+O'X2+1'x3+0°x4:2
4 O-x,+1-%+0-x3+1-x,=5

VEx 4035+ 4V/3x, = 32
3 I 0 4 ]

3

2

D

1
0
1

1
0
1
0
How do we solve it? L \/§ \/§ 3\/§

O = O O =
O O = = O




Back to Tomography

o

HH

How do we systematically
solve it?
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Algorithm for solving linear equations

* Three basic operations that don’t change a solution:
1. Multiply an equation with nonzero scalar
2. Adding a scalar constant multiple of one equation to another
3. Swapping equations



