Image Segmentation

s Gray-level thresholding

= Supervised vs. unsupervised
thresholding

= Binarization using Otsu’s method
= Locally adaptive thresholding

= Maximally stable extremal regions
= Color-based segmentation VIR o
= Region labeling and counting
= Region moments
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Gray-level thresholding

How can holes be filled?

Original image Thresholded f[x.y] m[xy]
Peter f[X,y] Peter m [X,y]
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How to choose the threshold?

Background

Foreground

Gray level
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Unsupervised thresholding

= Idea: find threshold T that minimizes within-class variance of both foreground and
background (same as k-means)

o2 (T):NFgrnd(T) 2 (T)+NBgrnd(T) 2 (T)

o O O
within Fgrnd Bgrnd
N : N :

= Equivalently, maximize between-class variance
O-I%el‘ween(T)_o-2 0-2 (T)

( 1
N N N

Fgmd 2 Bernd 2 Fernd

2
= e 1)+ 1 1)

D Mol (1))

) (
J L 2 f[x’y]_”f’gm"J_NTdLNl X fxy]-i

Fgrd x,yekgrmd Bgrnd x.y€Bgrnd J

[Otsu, 1979]
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Unsupervised thresholding

= Idea: find threshold T that minimizes within-class variance of both foreground and
background (same as k-means)

(1)< Neeml?) (T)+N3gr§(T) . (r)

within T — N o o

Fgrnd Bgrnd

= Equivalently, maximize between-class variance

2 (T)zo_z_o_z (T):NFW(T)'NBW(T)(ﬂFmd(T)_yBgmd(T))z

between within

[Otsu, 1979]

Digital Image Processing: Bernd Girod, © 2013 Stanford University -- Image Segmentation 5



Unsupervised thresholding (cont.)

= Algorithm: Search for threshold T to maximize

N, \T)-N,_ (T 2
o (1) R P Mell) iy (1)
= Useful recursion for sweeping T across histogram:

N T+1)=N, . (T)+n,

N, T+1)=N, (T)-n,
(1IN, (T)+n,T

w,, (7+1)= 2o

[Otsu, 1979]
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Unsupervised thresholding (cont.)

1 - T =112
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Unsupervised thresholding (cont.)

T =56

150 200 250
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Unsupervised thresholding (cont.
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Stanford defensive lineman Jash Mauro put the pressure an USC's
Matt Barkley. Mouro wos relertleses in the sscond hal os Stanford’s
dafense completely shut down Barkley and his fouted wide receivers.

Handing out the
USC game balls

By SAM FISHER
FOOTBALL EDITOR

It all starts and
Is h \[smmd« workhorse.
Taylor was everything you could
ask for and more against USC.
provided the big plays with a
game-tying touchdown on the
ground, another score through the
air and the consistent ground-and-
pound to wear down the Trojansat
the end. His 213 lotal yards of
offense to go with a pair of T
had fans on both sides forgetting

about Andrew Luck.

‘Josh Mumwo: The backup defensive
tw most of his action at nos
tackle in the sccond half, where he
completely took over the ball-
game. Mauro dominated USC
backup center Cyrus Hobbi all
balf o pronide the key preame up
the middle from the defensive line
that kept Mau Barkley rattied
The rest of the D-line played great
in support. but Mauro weat above
and beyond the call of duty to help

Please scc AWARDS. page 15
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The winding road ahead

By SAM FISHER
FOUTBALL EDITOR

Andrew Luck may be gone.
but with Saturday night's win
over C. Stantord
Cardinal put itself in position to
achicve beyond the path paved
by number 12 You heard right
though there’s plenty of work
left o do, this 2012 Stanford
tcam showed that it is capable of
playing at a national champi-
onship level,

Though Stanford survived
one of its toughest tests in the
gauntlet  that
National Championship climi-
nator, the road to Miami 2013 is
no walk in the park. The tough-
est challenges remaining on the
schedule are games at Notre
Dame, Orcgon and UCLA. all
of whom are currently ranked in
the top 20. The next two games,
at Washington and then al home
against  Arizona, are  no
pushovers cither. And
Stanford has showed top-
ranked opponents in past
any team on the Cardinal's
schedule has the potential for a

g

tage point, there are three paths
the rest of the season could take.
Door Number One leads to The
Promiscd Land, a berth in the

S National Championship
Game. In all likelihood, because
Stanford is not named Alabama
or LSU, the Cardinal will have
1o win out to carn a trip to South
Beach, including wins at No. 3
Oregon and a potential rematch
against USC for the Pac-12 title

For Stanford to even think
about rewrning to the site of its
2011 Orange Bowl beat down of
Virginia Tech, Josh Nunes will
have o build off his fourth-
quarter success against USC 1o
play at a higher level consistent-
yard scramble on

Nunes was
good enough to win a champi-
onship. defense s
nowhere near a pushover, so
Jordan Williamson's 0-3 kicking
night is also a major concem.
With the way the Stanford
defense played against USC
aver the last 41 minmes

pionship isn't comple
the question, but it's still not the
t likely ending to 201

Waiting  behind  Door
Number Two for Stanford is a
trip to a BCS bowl for the third
straight scason. Stanford has a bit
gle room to get hack to

thanks 10 a strong
strength of schedule. However,
the path is anything but straight-
forward. One thing we do know
is that if Stanford can win the
2, the Rose Bowl becomes
the worst-case scenario. To get
thene, Stanford sl certainly
has to win at Oregon on Nov. 17
anc of the toughest tadks in il of
callege football

If Stanford can't beat the
Ducks, a BCS bowl remains a
legitimate possibility. Stanford is
still struggling to shake the rep-
utation of not having a big
enough fan base o get bowls
excited, so grabbing an at-large
selection to the BCS won't be
casy. Still, as Stanford showed in

the last two seasons, beating
everyone on the schedule except
for Oregan is probably good
cnough to warrant a top-four
BCS ranking and an automatic
bid 10 2 BCS game.

Door Number Three is the
disappointment, the sctback. the
wasted opportunity. Stanford
put itsclf in a remarkable posi-
tion with its win over the sel
ond-ranked Trojans However, if

times. It might not even lake
that bad of a performance, as
Stanford has five teums [ on
its schedule in the AP Top 25,
including road games at No. 3

more than two games, it will in
all likelihood cnd up in a sec-
ond-tier bowl game for the first
time since the 2009 season,
when Stanford lost a close game
o Oklahoma in the Sun Bowl
There is obviously tremen-
dous uncertainty as to where the
rest of the scason heads, but it

truly remarkable for Stanford to
be in the position it i in now. No
Toby Gerhart, no Jim Harbaugh
and no Andrew Luck: just Josh

ing to the top, making Door
Number One not so crazy to
think about.

Contact Sam Fisher ar safisher
at” stanford edu

¥10
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Unsupervised thresholding (cont.)
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Sometimes, a global threshold does not work
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Locally adaptive thresholding

= Slide a window over the image
= For each window position, decide whether to
perform thresholding

e Thresholding should not be performed in uniform
areas

e Use variance or other suitable criterion

= Non-uniform areas: apply Otsu’s method (based on
local histogram)

= Uniform areas: classify the entire area as
foreground or background based on mean value

Digital Image Processing: Bernd Girod, © 2013 Stanford University -- Image Segmentation 12



Locally adaptive thresholding (example
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Maximally stable extremal regions

x Extremal region: any connected region in an image with all pixel values above (or
below) a threshold

= Observations:
e Nested extremal regions result when the threshold is successively raised (or lowered).
e The nested extremal regions form a “component tree.”

s Key idea: choose thresholds 4 such that the resulting bright (or dark) extremal
regions are nearly constant when these thresholds are perturbed by +/-A

-2 “maximally stable” extremal regions (MSER)

[Matas, Chum, Urba, Pajdla, 2002]
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MSERSs: illustration

A9+A
Ag - —

AG-A

N~

AB—A B A9+A RN MSER

Local minimum of
(/)

[Matas, Chum, Urba, Pajdla, 2002]
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Level Set
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Component tree of an image
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MSER: examples

IR
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Dark MSERs, A=15 Original image Bright MSERs, A=15
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MSER: examples

POSTPAK
POSTPA

Dark MSERs, A=15 Original image Bright MSERs, A=15
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Supervised thresholding

Background

Foreground

error Gray level
probability
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Supervised thresholding

pdf *“MAP (Maximum A Posteriori) detector”
Background

Foreground

error Gray level
probability

If errors BG=2FG and FG=>BG are associated with different costs:
“Bayes minimum risk detector” is optimal.
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Multidimensional MAP detector
= Training P ERR P
e Provide labelled set of training data ":’;g‘:' SEEN
e Subdivide n-dimensional space into small bins T b.&:w-‘?%}?“
e Count frequency of occurrence for each bin and class i«-**ﬁt%ur‘y%;
in training set, label bin with most probable class - REEAN G
e (Propagate class labels to empty bins) MEL BAEE
m For test data: identify bin, look up the most
probable class
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MAP detector in RGB-space

Non-skin Samples

.
."5’:*:‘.‘: o®

& Five training images

Digital Image Processing: Bernd Girod, © 2013 Stanford University -- Image Segmentation 23


http://web.stanford.edu/class/ee368/Handouts/Lectures/Examples/6-Image-Segmentation/MAP_Skin_Detector/

8 bits

Nm

bins

P A A A
AAAALALLLLLLLAALALAAA A A VAL AL AL A A AL AL LA A VAL AL AR AN

AL A LA AL AL AL W RLALLLLLLLALAAAAAA
B e e ey

Pt

24

(o]

)
©
+—
c
(<5]
=
(@)
[<B]
w
(<B]
(@)
@©
=
>
)

IVErSI

d, © 2013 Stanford Uni

Iro

Bernd Gi

Digital Image Processing




Linear discriminant function

= To segment image with n components f;, 1=1,2,...,n ‘ il e
Into two classes, perform test : gl'"':%_y_rf-._-.;;..;;;'_;:' oo

P AR
ZWi fi +W. >0 ? f«??@'ﬁ{"a s
i R

m Categories are separated by hyperplane in n-space
= Numerous technigues to determine weights
w;, 1=0,1,2,...,n, see, e.g., [Duda, Hart, Stork, 2001]

m Can be extended to the intersection of several linear
discrimant functions

s Can be extended to multiple classes
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Chroma keying
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Landsat Image processing

Water Only
Linear Stretch

April 11,1988

San Francisco Bay
April 11, 1988

h
h,
e

Original Landsat image false color picture out Water area segmented and enhanced to show
of bands 4,5,6 sediments

Source: US Geological Survey USGS, http://sfbay.wr.usgs.gov/
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Region labeling and counting

= How many fish in this picture?

Original Fish image after thresholding

= Which pixels belong to the same object (region labeling)?
= How large is each object (region counting)?
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4-connected and 8-connected neighborhoods

= Definition: a region is a set of pixels, where each pixel can be reached from
any other pixel in the region by a finite number of steps, with each step starting
at a pixel and ending in the neighborhood of the pixel.

8-neighborhood

4-neighborhood

= Typically, either definition leads to the same regions, except when
a region is only connected across diagonally adjacent pixels.
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Region labeling algorithm (4-neighborhood)

Loop through all pixels f [x,y], left to right, top to bottom
If f [X,y]=0, do nothing.
If f [X,y]=1, distinguish 4 cases

77
7
Generate new Copy label Copy label Copy label from the left. If
region label from above from the left labels above and to the left are

different, store equivalence.

Second pass through image to replace equivalent label by the
same label.
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Region labeling example (4-neighborhood)

K
IIII 1

List of Region Labels

02020

All three labels are

equivalent, so merge
.. 2 into single label.
3 3 3
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Region labeling example (4-neighborhood)

K
IIII 1

List of Region Labels

@

| KR
Illll
1 | 1 | 1
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Example: region labeling

Thresholded image 20 labeled regions
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Region counting algorithm

m Measures the size of each region

= Initialize counter[label]=0 for all label

= Loop through all pixels f [X,y], left to right, top to bottom
o Iff [X,y]=0, do nothing.
o Iff [X,y]=1, increment counter[label[x,y]]

Digital Image Processing: Bernd Girod, © 2013 Stanford University -- Image Segmentation 34



Small region removal

= Loop through all pixels f [X,y], left to right, top to bottom
o If f [X,y]=0, do nothing.
o If f [X,y]=1 and counter[label[x,y]]<S, set f [x,y]=0

= Removes all regions smaller than S pixels
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Hole filling as dual to small region removal

After NOT operation, (background)
Mask with holes region labeling, small region removal,
and second NOT operation
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Region moments

= Raw moments M = > xPy*

X,y €Region

s Central moments

o= O, (x=X)(y-y)' with x= ::/l/llo and y =
00

X,y eRegion

I\/IOl

= Region orientation and eccentricity:
calculate eigenvectors of covariance

matrix {ﬂzo Hiq ]

Hip o Hy
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Example: Detecting bar codes

Original Image
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Example Detecting bar codes
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*
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AN

0307
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Example: Detecting bar codes

/
ENTREP

|

IV, s
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Example: Detecting bar codes

Locally adaptive
thresholding
Filtering by S
eccentricity
0

Filtering by major
axis length

- | n a
200 400
ENTREP Major Axis Length

IV, s
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Example: Detecting bar codes

Locally adaptive
thresholding

Filtering by
eccentricity

Filtering by major
axis length

IV, s
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