Image Segmentation

= Gray-level thresholding O
= Supervised vs. unsupervised . | -~ ...:::::;:::;:;.ﬁ;::;-‘:;.,;.;.o\
thresholding | ey

NN

= Binarization using Otsu’s method
= Locally adaptive thresholding

= Maximally stable extremal regions
s Color-based segmentation AN, o,
= Region labeling and counting )

= Region moments

Digital Image Processing: Bernd Girod, © 2013-2014 Stanford University -- Image Segmentation 1



Gray-level thresholding

How can holes be filled?

Original image Thresholded flxy] m|x,y]
Peter f[x,)] Peter m [x,y]
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How to choose the threshold?

Background

Foreground

Gray level
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Unsupervised thresholding

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

N T N T
a1 =22 gz, 1) Mo (1)

within

= Equivalently, maximize between-class variance

Gt?etween (T ) = 0-2 - szvithin (T )
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[Otsu, 1979]
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Unsupervised thresholding (cont.)

= Algorithm: Search for threshold T to maximize

2 (T ) _ N Fgrnd (T ) N Bgrnd (T ) ( U (T ) ~ Uy (T ))2

(0}
between 2
N

s Useful recursion for sweeping T across histogram:
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Hegrn m
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[Otsu, 1979]
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Unsupervised thresholding (cont.)

T =112
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Unsupervised thresholding (cont.)

150 200 250
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Unsupervised thresholding (cont.)

The Stanford Bailp
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SIMON WARB/ The Stanford Do

Stanford defensve lineman Josh Mauro put the pressure on USC's
Moft Barklay. Mauro was relentlasss in the second half os Stonford’s
daense completely shut down Barkley and his fouted wide recevers.

Handing out the
USC game balls

By SAM FISHER
FOOTBALL EDITOR

‘Taylor: It all starts and
h Stanford's workhorse.
thing you could
sk for and mare against USC. He
provided the big plays with a
game-tying touchdown on the
:rml:v.!. another score through the
air and the consistent ground-and-
pound to wear down the Trojans at
the end. His 213 tolal yards of
offense to go with a Ds
had fans on both sides forgetting

about Andrew Luck.

Mamro: The backup defensive
cnd saw most of his action at nose
tackle in the second half, where he
completely took over the ball-
game. Mauro dominated USC
backup center Cyrus Hobbi all
half to provide the key pressure up
the middle from the defensive linc:
that kept Matt Barkley rattled.
The rest of the D-line plas
in support. but Mauro went above
and beyond the call of duty to help

Please scc AWARDS, page 15

FOOTBALL

The winding road ahead

By SAM FISHER
FOOTBALL EDITOR

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

Though Stanford survived
onc of its toughest tests in the
gauntlet that is the BCS
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, Oregon and UCLA. all
of whom are currently ranked in
the top 20. The next two games,
at Washington and then at home
against  Arizona, are  no
pushovers either. And  a
Stanford has showed top-

cars past
any team on the Cardinal's
schedule has the potential for a
magical upsct.

From Stanford’s current van-
tage point. there are three paths
the rest of the season could take.
Door Number One leads to Th
Pmm\ud Land, a berth in the
BCS National Championship
Game. In all likelihood, because
Stanford is not named Alabama
or LSU, the Cardinal will have
1o win out to earn a trip to South
Beach, including wimz at No. 3
on and a potential tematch
st USC for the Pac-12 title.

For Stanford to even think
about returning to the site of its
e Bowl beat down of
g ch, Josh Nunes will
have to build off his fll\ll'lh'

play at a higher level consitcnt.
Iy, From the 12-yard scramble on
third-and-10 on, Nunes was
good cnough to win a champi-
onship. USC's  defense  is
nowhere near a pushover, so
Jordan Williamson’s (-3 kicking
night is also a major concern.
With the way the \lsnln[d
defense playcd against US|
over the last minutes
Sawrday night, a national cham-

out of

the BCS, thanks to a strong
strength of schedule. However.
the path is anything but straight-
forward Um thing we do know

is that if Sunford can win the
Pac 12, the Rone Bowl becomes
the worst-case scenario. To get
there. Stanford almest certainly
has to win at Oregon on Nov.
one of the toughest tasks in all of
college footal
nford can’t beat the
ucks, & BES, bawl remains
legitimate positily Stanford i
still struggling to shiake the rep-
utation of not having a big
enough fan base to get bowls
excited, 5o grabhing an at-large
10 the BCS won't be
II. s Stanford showed in

the last two seasons, beating
cveryone on the schedule except
for Oregon is probably good
cough 1o warrant a top-four
BCS ranking and an automatic
bid to a BCS game.

Door Number Three is the
dissppoinment,the etback, he

asted opportunity. Stanford
pm sclf in & remarkable posi-
tion with its win over the sec-
ond-ranked Trojans. However, if
the Card regresses to San Jose
State-game form at any point, it
is primed to be upset a few
times. It might not cven take
that bad of a_performance, as
Stanford has five teams kit o
its schedule in the AP To

including road games at To

more than two game:
all likelihood end up in a sec-
ond-tier bowl game for the first
time since the 2008 season,
when Stanford lost a close game
to Oklahoma in the Sun Bowl

There is obviously tremen-
dous uncertainty as to where the
rest of the scason heads. but it's
truly remarkable for Stanford to
be i the position it is in now. No
Toby Gerhart, no Jim Harbaugh
and no Andrew Luck: just Josh
Nunes, Stepfan Taylor, a rabid
defense and a whole bunch of
guys showing a lot of heart. The
superstar names might be gone,
but the talent left behind s ris-
ing to the top, making Door
Number One not so crazy 1o
think about.

Comact Sam Fisher ar safisher
" stanford edit.
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Stanlord defensive lineman Jash Moura put the pressure on USC's
tah Barkley: Maure was relentlesss in the second hall os Sianford's
defense comgletely shut down Barkley and his touted wide receivers

Handing out the
USC game balls

By S4M ASHER
FOKIBALL EDITOR.

Sﬂh'n;h- it all starts and
eads with Stantord’s workharse.
Taylor was everything vou could
ask for and more agalnst USC: He
provided the big plavs with a
game-tying tauchdown on the
ground. another score thraugh the
Sirand the mommsem ground-and-
pound o wear down the
the end. His
offense ta go with a pair of 10s
had fans on both sidcs torgering

about Andrew Luck.

bdamrec L e backup detensive
end saw most of s action at ose
tackle in the seocand hall where he

he key pressure o
the middle trom the defensive linc
that kept Malt Barkley r

The rest of the D-line played great
in supper. but Maure went ahove
and beyend the call of duty to help
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The winding road ahead

By SAM FISHER
FODIBALL EDITUR

Andrew Luck may be
but with Saturday night's win
aver  USC. the  Stanford
Cardinal put itself in position 1o
achicve beyond the path paved
v number 12. You heard right:
though there's plenty of work
lett to da. this 2002 Stantord
team shawed that it s capable of
plaving al a national champi-
anship level.

Though Stanford sorvived
anc of its toughest tests in the
gauntiet that is  the B{S
Mational Championship climi-
natar, the Toad to Miami 2013 is
a0 walk in the park. The twogh-
st challenges. remaining on mz

o

at \»asmnzmn and then at home

spaing Anizona, are ne
ushovers  either.  And  as
sanford has shawed top-
ranked opponents in vears past.
ey team on the Cardinal's
schiedole has the potential for a
meglel upsat.
tantord’s cument van-
{:gc point here are three prihe
the rest of the season conld take.
Door Number (ne leads to The
Fromised Land. a berih in the
BCS N

Stantord is no1 named Alabama

ar LSL). the Cardinal will have
to winL oot taearn & trip to South
Beach, including wins ai Ne. 3
Oregon and & potential rematch
apainst LS for the Pac-12 title

Far Stanford to cven think
abowt returniag to the site of iis
2411 Grange Eowl beat dosn of
Virginiz ‘lech, Jash Nuacs will
have to build off his fourth-
querer success sgainst USC o
plav at a higher level consistent-
Iy: Fram the 12-yard scramble oa
third-and-10 oo, Nunes was
zoad £nough to win a champi-
Soship. USCH  detense i
nowhere near & pushaver. 5o
Jordan Williamson s (13 Kicking

defense played againg LSC
over the last 41 minutes
Sawrday night. a national cham-
pinnship isn't completely out of
the questian. but s sull nat the
meost Jikely ending 1o 2012
vaiting hind Door

Nomber “Fao tor Sunford is &
trip toa BOX bowl for the third
straight season. Stanford has a bit
more wiggle room 1o get back to
the BCY. thanks to 3 suwong
strength af schedule. Hawever,
e path is anything but suraight-
know
is that if %wniord can win the
Pac-12. ihe Rose Howl
the worstcase scenaria. 1o get
there. Stamord almest cerlainly
has to win at Cregon on Now.
ane of the toughest tasks in all of
<allege foothall,

I Stantord can't beal the
Ducks. & BCS bowl remains &
legitimate possibility $tantord is
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utation of not having 2 big
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the last o scasons. beating
exeryone on the schedule except
For Oregon s probably gaod
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BOS ranking and an auiomatic
bid to & BCS game.
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disappointment, the sethack. the
wasted cpportunity. Staniord
put itself in 3 remarkable posi-
tion with its over the sec-
ond-ranked Trajans. Haweve:
the Card regresses to San Jose
State-gam: farm &t any point, it
is primed to be opsel 2 few
times. It might aot cven take
bad of a rformance, as
Stankord has live teams left on
its schedole in the AF Top 25,
including raad games au Na. 3
e pan 0. 11 Notre Dame and.
No 19 U( LA It Staniord loses
more than twa games it will in
all likelihood end up in a sec-
ond-ticr bowl game ior the firsu
time since the MNW season,
when Suiniard o1 a close game
to Oklahoma in the Sun Bowl.

“There is ohviously tremen-
dous uacerlainty as to where the.
rest of the season heads. but s
truly remarkable for $tantord to
be in the position it s in now. No
“loby Cierhart. no Jim Harbaugh
and no Andrew Luck: just Josh
Nunes Stepfan ‘Laylor. a rabid
detense and 3 whole bunch af
guys shawing a lot of heart. lhe
supervar namcs might be goac,
buot ihe talent Jeit behind s rie
ing to the top. making Door
Number (me not so crazy o
think about.
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Unsupervised thresholding (cont.)

o T=144

6 L
5 -
4t
TUESDAY TUESDAY
September 18, 2012 September 18, 2012
Volume 242 « Issue 1 3+ Valume 242  Issue |

INTERMISSION/18

GORDON LEVITT
TALKS LOOPER

Star chats with Daily editor

INTERMISSION/18

GORDON LEVITT
TALKS LOOPER

Star chats with Daily editor

Digital Image Processing: Bernd Girod, © 2013-2014 Stanford University -- Image Segmentation 9


http://blackhole2.stanford.edu/ee368/spring_2013/Chapter_4/Examples/chap4_Global_Thresholding/
http://blackhole2.stanford.edu/ee368/spring_2013/Chapter_4/Examples/chap4_Global_Thresholding/

Sometimes, a global threshold does not work

riginal image
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2. REVIEW OF TONE MAPPING METHODS
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Locally adaptive thresholding

= Slide a window over the image
s 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
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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 6 such that the resulting bright (or dark) extremal
regions are nearly constant when these thresholds are perturbed by +/-A

= “maximally stable” extremal regions (MSER)

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

ﬁ Ag.s ﬁ ﬁ

Local minimum of —> MSER

AH—A . AH+A
Ay

[Matas, Chum, Urba, Pajdla, 2002]
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Level sets of an image
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Image Level Set
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Component tree of an image

BEEBREREHREERRR Local minima of sequence

Al:36 AH—A_A9+A
Ay
d=A, A+1 ... > MSERS

A,=43

O,
S G

BE v
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MSER: examples

IR

PROFE e T | vmssssomnsconnusu COMPACT DISC 24x
‘ TY 650ME/788 | UNIVERS! cnmmmunssousnma 1X-
o il COMPATIBLE

COMPATIBLE

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

POST PAK
POSTPA
POST
OFFICE
\\\ Ve /_/
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=2>FG and FG=>BG are associated with different costs:
“Bayes minimum risk detector” is optimal.

Digital Image Processing: Bernd Girod, © 2013-2014 Stanford University -- Image Segmentation 20



Multidimensional MAP detector

A

= Training
e Provide labelled set of training data %3 _
e Subdivide n-dimensional space into small bins o ‘ 4 ...
e Count frequency of occurrence for each bin and class .4 “ T
In training set, label bin with most probable class ' il bl
e (Propagate class labels to empty bins) BNk Y ik
= For test data: identify bin, look up the most
probable class
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MAP detector in RGB-space

Non-skin Samples

'n".! :.u::o e o®

Five training images
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Linear discriminant function

= To segment image with n components f;, 1=1,2,...,n R
. * ALY "':. e
Into two classes, perform test L3
‘e *y . 88 }!}' . et
R i 5 oot F e
: of':': . :{g‘.'f':' . ‘\"’h'-';?ﬁ s, S
> W fi+w, >0 ? TR
; .. ".;:..'I .:

s Categories are separated by hyperplane in N-space
= Numerous technigues to determine weights
wi, 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

b,
\
\

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
n If f[x,y]=0, do nothing.
n If f[x,y]=1, distinguish 4 cases

)
72
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

|
II2I2
3 | 3 | 3

List of Region Labels

O~

All three labels are
equivalent, so merge
Into single label.
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Region labeling example (4-neighborhood)

K
IIII 1
Bk

List of Region Labels

@
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Example: region labeling

Thresholded image 20 labeled regions

Digital Image Processing: Bernd Girod, © 2013-2014 Stanford University -- Image Segmentation 31


http://blackhole2.stanford.edu/ee368/spring_2013/Chapter_4/Examples/chap4_Region_Labeling/
http://blackhole2.stanford.edu/ee368/spring_2013/Chapter_4/Examples/chap4_Region_Labeling/

Region counting algorithm

= 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
e If f[x,y]=0, do nothing.
o If f[x,y]=1, increment counter[label[x,y]]
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Small region removal

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

= Removes all regions smaller than § 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

— P4
= Rawmoments M, = > x"y
x,y€Region

s Central moments

Hpg = Z (x_f)ﬁ(y_)—/)q with )_Czj\j‘jlo and y =

x,y€Region 00

<

01

S

= Region orientation and eccentricity:
calculate eigenvectors of covariance

matrix [ﬂzo Hiy :I

Hiy Hp
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Example: Detecting bar codes

Original Image
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Example Detecting bar codes
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Example: Detecting bar codes

/
ENTREP

IO, sy
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Example: Detecting bar codes

Locally adaptive
thresholding
Filtering by
eccentricity

Filtering by major
axis length

ENTREP

IO, sy
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Example: Detecting bar codes

Locally adaptive
thresholding
Filtering by
eccentricity

o

-50 0 50
Orientation (degrees)

Filtering by major
axis length

Filtering by
orientation

IO, sy
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