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INTRODUCTION TO COMPUTER GRAPHICS

Image Processing & Antialiasing

. An entire subject in and of itself undergirds both
computer graphics and computer vision

. Has its own publications and conferences

— |EEE Transactions on  Image Processing (TIP)
— Image and Vision Computing
— Journal of Electronic Imaging

— IEEE International Conference on Image
Processing (ICIP)

. Once was closer to signal theory and audio
processing than to graphics

. Shares hardware with other aspects of graphics
— floating point processors (FPUs)
— digital signal processors (DSPs)
—  24-bit or 32-bit framebuffer
— scanners
— digital cameras
— color printers
— video frame grabbers/converters

1. This unit was originally created by former head TA Lars Bishop and
subsequently modified by John Hughes, former head TAs Sam Trychin and
Sascha Becker, Dan Gould, and by Andy van Dam.
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INTRODUCTION TO COMPUTER GRAPHICS

What is an Image?

For our purposes, an image is:
« A 2D domain

« With samples at regular points (almost
always a rectilinear grid)

« Whose values represent gray levels,
colors, or opacities (or tissue density in an
MRI scan)

Common image types include:
« 1 sample per point (B&W or Grayscale)
« 3 samples per point (Red, Green, Blue)

« 4 samples per point (Red, Green, Blue,
and “Alpha”, a.k.a. Opaci

e 5 samples per point (add
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INTRODUCTION TO COMPUTER GRAPHICS

Channels

Each of these planes I s a
The red channel of a 3 sample per pixel image
is @ 1 sample per pixel image, consisting of just
the red values from the original image.

3 samples per pixel

Red Channel of Image,
1 sample per pixel

A 4

Blue Channel of Image, Green Channel of Image,
1 sample per pixel 1 sample per pixel
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INTRODUCTION TO COMPUTER GRAPHICS

The Alpha Channel

Adding opacity information to pixels
- In addition to R, G, B channels of an.

image, add a fourth channel, called U
e Alpha varies between 0 and 1

— Value of 1 represents a completely opaque
pixel, one you cannot see through

— Value of 0 is a completely transparent pixel
« Useful for blending images

— image with higher alpha va
through” more

(Both squares have=0.6)
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INTRODUCTION TO COMPUTER GRAPHICS

Stages of image processing

Flowchart: stages of idealized
image processing pipeline

Image Acquisition

|

PI'{II}I'(J[:USHiIIg_ NOte: NOt a” Stages
need to be present and
R the middle two or three
stages may be
-— interlaced
Mapping

#—

i —

Postprocessing

|

Output
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INTRODUCTION TO COMPUTER GRAPHICS

Stage 1 — Image Acquisition
How do we get images?

Many techniques, two basic categories:
« Synthesis : images created in a computer

— rendered from geometry (using, for example,
Pixar’s Render Man or Autod

— painted (e.g., Corel Painter, Microsoft Paint)

— procedurally textured  computer generated
images intended to create a realistic
representation of natural elements

e Capture : |1 mages from t he real

— must be “captured” or digi
digital information instead of analog signal or
printed media

— method of digitization is partially determined by
| mage’ s original form
— common methods include:
« digital camera
« satellite data transmission
e« drum scanner
» slide scanner
« flatbed photo scanner
» video frame grabber/converter
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INTRODUCTION TO COMPUTER GRAPHICS

Stage 2 — Preprocessing

« Each source image is adjusted to fit a given
tone, size, shape, etc., to match a desired
quality or to match other images

« Can make a set of dissimilar images appear
similar (if they are to be composited later), or
make similar parts of an image appear
dissimilar (such as contrast enhancement)

« Preprocessing techniques include:

adjusting color or gray scale curve

cropping

masking (cutting out part of an image to be used
in @ composition, or to leave a hole in the
original image)

scaling up (super sampling)/down (sub sampling)
blurring and sharpening

edge detection/enhancement

filtering and antialiasing

« Notes:

blurring, sharpening, and edge detection can also
be a postprocessing techniques

some preprocessing algorithms are not followed
by mapping, others that involve resampling the
image may be interlaced with mapping: filtering
is done this way
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INTRODUCTION TO COMPUTER GRAPHICS

Stage 3 — Mapping

« Mapping is a catchall stage where several
images are combined, or geometric
transformations are applied

 Transformations include:

— rotation

— scale

— stretch

— feature based image warp (aka morphing)

« Compositing:
— basic image overlay
— smooth blending with alpha channels

For examples of the techniques mentioned, see slides 19-22 & 28-33
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INTRODUCTION TO COMPUTER GRAPHICS

Stage 4 — Postprocessing

 Creates global effects across an entire
image or selected area(s)

e Art effects

» — posterizing
— faked “aging” ei_ &
— faked -dfbotus”

— — “iIimpressionist” g

— texturizing
e Technical effects

— color remapping for contrast enhancement

— color to B&W conversion

— color separation for printing (RGB to CMYK)

— scan retouching and color/contrast balancing
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INTRODUCTION TO COMPUTER GRAPHICS

Stage 5 — Techniques for
Archive And Display

 Choice of display/archive
method may affect earlier
processing stages

— color printing accentuates certain
colors more than others

— colors on the monitor have
different gamuts and HSV values
than the colors printed out

 need a mapping
 Display Technology
— monitors
— color printers
— film/videotapes
— disk files
— texture maps for 3D renderer
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INTRODUCTION TO COMPUTER GRAPHICS

Examples

Give an idea of what is done
with image processing
« Image enhancement
— scientific filtering
— forensic science
e Multipart composition

« Computer vision
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INTRODUCTION TO COMPUTER GRAPHICS

An Application of the Edge-Detection

Filtering Technique

Some filtering techniques are designed to
make features in an image more apparent

« Done by using a filter that accentuates changes
above certain threshold
 Make specific features of an image stand out

« Can even calculate a new image based on some
function that takes an image to another image

« e.g., define an image by the magnitude of
change in the original image at each point.

— Thus, higher-valued pixels in new image are
places where original image was changing rapidly

Just an illustration, not an MRI: see the next slide
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INTRODUCTION TO COMPUTER GRAPHICS

MRI Image Enhancement

Take slice from MRI scan of canine heart, and
find boundaries between types of tissue

« Image with gray levels representing tissue density

e Using filter from previous slide, compute new
image. Again, new image brighter where MRI
image gray values changing faster

« Different densities of different types of matter will
show up with bright boundaries in between.

Original MRI Image

Edge Detection
of a Dog Heart

Image

Andries van Dam October 13, 2009 Image Proc & Antialiasing 16/37




INTRODUCTION TO COMPUTER GRAPHICS

Forensic Science Image
Enhancement

Image enhancement has been used by
forensic scientists for years to pull
information from seemingly hopeless
Images.

« We have a security camera video of the back
of a car that was used in a robbery

« The image is too dark and noisy for the
police to pull a license number

Image processing like this in the media a lot in the
last few years

« These techniques have been used to find small
features in satellite images

« Image processing for forensic science is even
spotlighted in popular entertainment, such as
the TV show CSI: Crime Scene Investigation

« Michael Black and his
class, C5296-4,
received a
commendation for
helping Virginia police
in @ homicide case.
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INTRODUCTION TO COMPUTER GRAPHICS

Image Enhancement Steps

Normally, image enhancement
uses many filtering steps, and
often no mapping at all.

Image Acquisition

Filtering

Display / Archive
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INTRODUCTION TO COMPUTER GRAPHICS

Image Enhancement (1/4)

Step One: Get the frame from the
videotape digitized with a frame-
grabber

Frame grabbing is no longer expensive —
PC video capture boards are less than $30

Though humans can often discern an image
of poor quality, filtering can make it easier
for a pattern-recognition algorithm to
decipher embedded symbols

in this case, alphanumeric characters
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INTRODUCTION TO COMPUTER GRAPHICS

Image Enhancement (2/4)

Step two: Crop out stuff that
appears to be uninteresting
(outside plate edges)

_____________________________________________________________________

_____________________________________________________________________

e This step can speed process by doing
image processing steps on fewer pixels

e Can’t al way smdayaotde abée
to tell which sections are interesting
without some processing
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INTRODUCTION TO COMPUTER GRAPHICS

Image Enhancement (3/4)

Step Three: Use edge-sharpening
filter to add contrast to plate
number

e This step enhances edges by raising
discontinuities at brightness gaps in
image
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INTRODUCTION TO COMPUTER GRAPHICS

Image Enhancement (4/4)

Step Four: Remap colors to enhance
contrast between numbers and
plate itself

This stage has truly brought out image -

mapped low-valued pixels to bright white,
and almost all others to black.

Now, can make a printout for records, or
just copy plate number down. YNN-707!
Note that final colors do not even
resemble real colors of license plate.

Enhancement techniques have seriously
distorted the colors!
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INTRODUCTION TO COMPUTER GRAPHICS

Multipart Composition

Image composition is popular in art
world, as well as in tabloid news

 Takes parts of several images and
creates single image. Hard part is
making all images fit together
naturally

o Artists can use it to create amazing
collages and multi-layered effects

 Tabloid newspaper artists can use it to
create “News Photos” of
never happened
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INTRODUCTION TO COMPUTER GRAPHICS

Multipart Composition

« Some famous examples of faked photos include:

Reuters photo of Beirut
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INTRODUCTION TO COMPUTER GRAPHICS

Our Example

Lars Bishop, former CS5123 Head
TA and primary author of these
lectures, created a news photo of
hi mself “meeting”’
Russian President Boris Yeltsin.

W |

 Needless to say, Lars Bishop never
met Mr. Yeltsin

« S0, had to get images, cut out the
parts he wanted, touch them up,
paste them together, and retouch the
end result
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INTRODUCTION TO COMPUTER GRAPHICS

Image Composition (1/4)
Step 1 — Getting the images

« The image of Boris was pulled from the internet

« The image of Lars was staged in the graphics
lab, filmed with a camcorder, and digitized live
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INTRODUCTION TO COMPUTER GRAPHICS

Step 1: The Details

For Boris, Lars did the following:

« Found image of Boris and Gorbachev
on an FTP site, transferred it to Brown

For image of Lars:

« Set up a video camera to use same
camera angle as the shot of Boris

« Wired camera to a frame digitizer
e Lars posed in front of camera
« Grabbed image

 Could have simplified process by
putting a white sheet behind himself,
but could not be found in time
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INTRODUCTION TO COMPUTER GRAPHICS

Image Composition (2/4)

Stage 2 — We must cut the pictures we
want out of the original images

e Boris is cut from the internet image

e Larsis cut from the video image
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INTRODUCTION TO COMPUTER GRAPHICS

Step 2: The Details

For Boris and Lars

 Lars brought images into Photoshop
on his Mac, and painted a region
around important parts of images
(outline of people) in white

« Continued touching up this outline
until no background at edge of people

 Used a lasso tool that could grow until
it hit the white background, thus
selecting subject

e Cut subjects out of their images
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INTRODUCTION TO COMPUTER GRAPHICS

Image Composition (3/4)

Step 3 — Filter the images to make
them appear similar, and paste
them together

 Boris is blurred and brightened, to get rid
of the halftoning lines (must have been a

magazine photo). Also scaled down to be
same size as Lars

« Lars is blurred and noise is added to
match quality of image to that of Boris
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INTRODUCTION TO COMPUTER GRAPHICS

Step 3: The Details

For Boris:
 Blurred image to remove halftoning lines
 Brightened image to fit colors of other image

e Scaled him down to be same size as other
subject

For Lars:
« Blurred image to fit blurring of Boris

« Added noise to lower quality of otherwise
clean video grab to quality of scanned image
of Boris

Then, they are composited together

e Lar s’ hand I s retouched
Bori s’ document .
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INTRODUCTION TO COMPUTER GRAPHICS

Image Composition (4/4)

Final Image (with retouching at edges)

BISHOP AND YELTSIN TALK PEACE

Bl SHOP: “ coul dn’ t under stand a
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INTRODUCTION TO COMPUTER GRAPHICS

Step 4: The Details

For this step, Lars did several
little touches to add to quality
of fake

 Created a simple, two-color
background and added noise to it to
fit rest of the image

e Placed cutout of the two subjects on
top of background

« This left a white halo about 3 pixels
wide around the subjects, so used a
“Rubber Stamp” tool to
background noise patterns over halo,
making seams appear less obvious

Step 5: Print the Image

« Additional loss of contrast and spatial
resolution due to printing process
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INTRODUCTION TO COMPUTER GRAPHICS

Computer Vision (1/2)
Image enhancement also done

to enhance images for
computer vision

« Computer must do all processing,
without human intervention

 Processing techniques must be
fast. If slow, will add to camera-
to-reaction lag (latency) in system

« Common preprocessing
techniques for computer vision
include edge enhancement, region
detection, contrast enhancement,
etc..

« Computer must do more than
enhance an image before reacting
to it. Must pull specific information
from image, such as position and
orientation of edges
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INTRODUCTION TO COMPUTER GRAPHICS

Computer Vision (2/2)

Image enhancement can also be done to enhance
images for computer vision

« Image processing makes information easier to
find

o Pattern detection and pattern recognition are
separate fields in their own right

— Pattern detection: looking for features and
describing the I mage’s c
level

— Pattern recognition: classifying collections
of features and matching them against
library of stored patterns. (e.qg.,
alphanumeric characters, types of abnormal
cells, or human features in the case of
biometrics)

— Pattern (feature) detection is one important
component of pattern recognition.

e Computer vision can be used as part of a
passive UI, as an alternative to intrusive
(tethered) gadgetry such
mi ce”, wands, and data gl

« Computational photography draws on many
techniques from vision

« For more on computer vision, check out C5143

a
0)
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INTRODUCTION TO COMPUTER GRAPHICS

The Future — 3D?

MRI scans and the like create 3D blocks of data.
As time goes by, image processing may
move further and further into 3D image
processing.

« Techniques we used in 2D often have 3D analogs
 Display becomes far more difficult: voxels replace pixels

 Data storage issues become problematic:
— 1024x1024 4 channel image = 4 megs
— 1024x1024x1024 4 channel 3D image = 4 gigs!

« Computational issues can also become problematic — N2
becomes N3

» Autostereoscopic displays in development- most work with
lenticular optics or parallax effects. Several companies are
commercializing products

—  Philips released the first 3D HDTV. Has a resolution of 2160p and 46
viewing angles.
— Hitachi has released the first 3D mobile phone

Parallax Barrier

€> Right

€> Left

H Right
i Hitachi HOO1 Philips 5206 WO\

Pixels
Wwwi3dforums:

. -IjéhtSpace Technol o-BYeépshCadbe uses 20 LCD
slices at different depths to display image

e Holographic displays are being w
Media Lab)
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