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Aim: to partition an image into a collection of

set of pixels

» Meaningful regions (coherent objects)
» Linear structures (line, curve, ...)

» Shapes (circles, ellipses, ...)

Hangzhou Dianzi University v triHk School of Computer Science and Technology i+sih1s: i




Other variants: What is segmentation?

> Segmentation = partitioning » Grouping = clustering

v’ Carve dense data set into (disjoint) regions v' Gather sets of items according to some model
v" Divide image based on pixel similarity v' If items are dense, then essentially the same problem as
v" Divide spatiotemporal volume based on image left. (e.g., clustering pixels)

similarity (shot detection) v’ If items are sparse, then problem has a slightly different
v" Figure / ground separation (background flavor:

subtraction) * Collect tokens that lie on a line (robust line fitting)
v' Regions can be overlapping (layers) * Collect pixels that share the same fundamental

matrix (independent 3D rigid motion)
* Group 3D surface elements that belong to the same

surface
S. Birchfield, Clemson Univ., ECE 847, http://www.ces.clemson.edu/~sth/ece847
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http://www.ces.clemson.edu/%7Estb/ece847

Other variants: What is segmentation?

*Segmentation divides an image into groups of pixels
*Pixels are grouped because they share some local property (gray level, color, texture, motion, etc.)

LY

i L

boundaries labels pseudocolors mean colors

. - = algorithm used: Pedro F. Felzenszwalb and Daniel P. Huttenlocher,
(dlfferent Ways Of dlsplaylng the OUtPUt) Efficient Graph-Based Image Segmentation, IJCV, 59(2), 2004
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—IREE T UEEZ D His, B EREE 22X, B XIS R H bR A R B -

Low level features Higher level inference
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B3R 5 #1125 B
ST IR

Original image Range image

Segmented
image (a) Original Image (b) Ground Truth (c) Ours

Figure 8. Failure cases on NYUD?2 test set
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Segmentation
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SRS TIEN S E’Qﬁ%ﬂéé\mﬁiﬁ@

EG D E R T RN HE AR E R EEA DR, + 4 R
ZRRRE (M, GlE. EEEEERE) KI5Cm, HERDE12 —AN 20 PR e 5] 1
A AR —FEH (off-the-shelf ) 1RG4y HIFE T

Two errors:
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BR824 U5 R 3

 EG2 FIB) H br o ABATAT AR Y
“What, for example, is an object, and what makes it so special that it should be recoverable as a region in an image?

29

Is a nose an object? Is a head one? ...

-- D. Marr, 1982

“... [Automatic] object segmentation for broad domains of general images is not likely to succeed, with a possible

exception for sophisticated techniques in very narrow domains.”

--Smeulders et al, 2000

“automatic strong segmentation is hard to achieve, ..., the brittleness of strong segmentation is a mostly unsurpassable

obstacle when describing the content of images by describing the content of its object.”

-- Jain et al, 2000
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%_ﬂ:“ % % m E ﬁ 5 } %ﬂﬁ% D. Comaniciu and P. Meer, Mean Shift: A Robust Approach toward Feature
Space Analysis. IEEE Transactions On Pattern Analysis And Machine
Intelligence, 2002. 24: p. 603-619.

BN AFHECNRE. B, S08EF

The mean shift algorithm seeks modes or local maxima
of density in the feature space

Feature space

Image space (L*u*v* color values)
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BN AFHECNRE. B, S08EF

K ! A e - : : il 2 S o
GSs04 NCO05 TPO9 Qs09 GCal0 GCbl0 SLIC Fig. 1. Images segmented using SLIC into superpixels of
Fig. 7. Visual comparison of superpixels produced by various methods. The average superpixel size in the upper left of each image is 100 pixels and is 300 in the lower size 64, 256, and 1,024 piXClS (approximately).

right. Alternating rows show each segmented image followed by a detail of the center of each image.

R. Achanta, A. Shaji, K. Smith, A. Lucchi, P. Fua, and S. Siisstrunk, SLIC Superpixels Compared to State-of-the-art Superpixel Methods. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 2012. 34(11): p. 2274-2282.
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« B A5 X BN B A AL PR R B 1S
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a3 7K I 28

http://en.wikipedia.org/wiki/Watershed (image_processing)
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EIRETTE
Given: 1nitial contour (model) near desirable object

Goal: evolve the contour to fit exact object boundary

P EFNFER . Snakes

Snakes: Active contour models
M Kass, A Witkin, D Terzopoulos - International journal of computer vision, 1988 - Springer

A snake is an energy-minimizing spline guided by external constraint forces and influenced
by image forces that pull it toward features such as lines and edges. Snakes are active
contour models: they lock onto nearby edges, localizing them accurately. Scale-space ...

Yo DY #WEIRREL: 21696 MBXNE FE 47 MRA 99

JURESHRER: KTV (level set)

»From Snake to Level Set

» Classical Level Set Model [Kass, Witkin, Tracking Heart Ventricles
Terzopoulos 1988]
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(a) Initial contour  {b) Feature learning on the contour (c) Offsets

Deformation Octagon contour Extreme points

* K. Zhang, L. Zhang and H. Song, et al., Active Contours with Selective o ) ]
(b) Pipeline for instance segmentation

Local or Global Segmentation: A New Formulation and Level Set Method. Sida Peng, Wen Jiang, Huaijin Pi, Xiuli Li, Hujun Bao, Xiaowei Zhou.

Image And Vision Computing, 2010. 28: p. 668-676. Deep Snake for Real-Time Instance Segmentation. CVPR2020

Hangzhou Dianzi University v triHk School of Computer Science and Technology i+sih1s: i




LR RARNEER

(b) ©) (d)

Fig. 13. Result on Poisson matting examples. (a) Input image. (b) Bayesian matting (obtained from the Poisson matting paper). (c) Poisson matting
(obtained from the Poisson matting paper). (d) Our result. (e) Scribbles.

A. Levin, D. Lischinski and Y. Weiss, A Closed Form Solution to Natural Image Matting. IEEE Transactions On
Pattern Analysis And Machine Intelligence, 2008. 30: p. 228-242.
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F—: Open:1

Closed: %%
ﬁ%‘::ﬁ:
Open: 2,3,4,5
Closed: 1

HE%12|Opendk i Ja
=0
Open: 3,4,5,6,7
Closed: 1, 2
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Open: 4,5,6,7,8,9

Closed: 1, 2, 3

AE%1 2|Open & Ja

CR T
Open:5,6,7,8,9,10,11

Closed: 1, 2,3, 4
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ZH—2: Open:1
Closed: &%
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Open: 2,3,4,5
Closed: 1

HE%1 2| Opendk 2 i

=0,
Open: 6,7, 3,4,5,
Closed: 1, 2
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Open: §,7,3,4,5

Closed: 1, 2,6

HE%12|Opendk 2 i
FhA

Open: 9,10,7,3,4,5

Closed: 1, 2,6, 8
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Why we focus on a boundary?

*The boundary is a good representation of an object shape and also requires a few memory.

*Chain codes: represent an object boundary by a connected sequence of straight line segments of specified

length and direction.

4-77 7] A0 8- 7 [n] B A 1)
e FE B R B LK 2= 0 4 0
FEE E, FREER

¥ 3 ¥ 7
3 6 (Images from Rafael C. Gonzalez
. . . . ) ) and Richard E. Wood, Digital
4-directional chain code 8-directional chain code Image Processing, 2" Edition.
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Chain Codes

SEEERIE T, RABFHE S
() AR RN, HAR
RS TT [ RACER A%

Problem of a chain code:

a chain code sequence depends on a

starting point.

Object
boundary
(resampling)

4-directional

chain code

Hangzhou Dianzi University v triHk

] - E 1 I Boundary
= ...; t t vertices
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1; I:‘ .\:N ‘/5' chain code
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> 45— IMER ROFE T AR R, EEFE A HSA 5 B R B R %
> R TT AR — AT R LA E AT TR s i) B AR BB 55 /)5
> RFIRFEF R B SR N A — BRSO

JREERS A — e

101033 2.2 01635221 0
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o FERDEFE A —1k
> MBS —Br Z2 R EFIE — DI — D RoR R FED 5 Bz 18] 7 1) A2 A0 K5 71

The first difference of a chain code:
counting the number of direction change (in counterclockwise) between 2 adjacent elements of the code.

Chain code : The first Example: - a chain code: 10103322
1 0 dlfferi’nce _ The first difference = 3133030
0->2 2 - Treating a chain code as a circular sequence,
2N o 053 3
)3 i (2)212021202>32322>2
3 220 2 the first difference: 3 3 1 3 3 0 3 0
221 3

H—Br Z 0 e iee 1 — Wi 20, e ROy 'e BAT e A2 1
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Chain code : The first

IH—4VY —— 9H— difference
BT I — s —— B 9 — 1k o, O

~ 0->2 2

« The first difference is rotational invariant. 2 - -0 023 3

223 1

i 23>0 2

JRBET R A RS, (B 2 AT S AR AL, 221 3

- 0 = 0 o

@ E L 0 53 22 3 2% 2.6 0 % 3 3
1 Y AABABLDNNDS NNANNANAAL :
0 ¥ .
3 3 33 8 39 %% 1 3 383D 3
1 3 ; 3
Y 5
> v EH 90 . :
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>EERYE A1 BT R AR VEANE

>HERiede A4 (ErS) « B e AR

> I TS B FURARFEIR T XS 2 ik T GERD H—4k, w[BRH—4 (ME—) BIZEn
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Shape number of the boundary definition: the first difference of smallest magnitude

The order n of the shape number: the number of digits in the sequence
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Order 4 Order 6
|

—_ . . | 1
BT RA A RER R ‘ N
| 2+ ~0
Chaincode: 0 3 2 1 003221 l
#]: Shape numbers of order 4, 6 and 8 3
Difference: 3 3 3 3 3|l]33{}3
Shapeno: 3 3 3 3 033033
Order 8

Chaincode: 0 0 3 3 2 2 1 1 o3os32211 00032221

Difference: 30 303030 33133[030 3[0033003

Shapeno: 03 03 0303 03033133 00330033
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BT8R R IR FF

B Find the smallest ,
Original boundary rectangle that fits Create grid Find the' nearest
the shape Grid.
T
; N
L&_.ﬂ"'—'_#
(a) (b) (c) (d)
(e) #g: 11010030030322322212
(f) flsrd%: 3031303103133013[(0031
(2) EARE: 0031303130310313301 3
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Original Points: 256 Evolved Points: 10
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Original Image Thresholded Image Threshold Too Low Threshold Too High
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WP R LA PR O M B O
p(z)=ap,(2)+(1-a)p,(2)

ST RARE 2k, A
- {E b z>z,

T z<z,
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s p(2)=apy, (2)+(1-a) by, (=) i,

AMEAR: B, B,,--,BRESH—AS, P(B)>0, i=1,2,--,n,M

P(A)=P(A|B)P(B)+P(A|B,)P(B,)+---+P(A| B,)P(B,)

—ZP(A | B)P(B,)

‘HinGRME =G R2BBRIN—1Xn, F
Py (2) = p (2| 0b)) Py (2) > p(z10g)
p(obj)=a p(bg)=1-a
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k
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2 2
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\/Eo-obj \/Eo-bg
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RIUEE

(l_a)°pbg (Zk)

1 BB, AL

a.pobj (Zk)

AZ,f+BZk+C=O

) 2
A T O-obj o Gbg

H h . 2 2
7’3\: ) B _ 2 (luobj Gobj lubggbg)
(940)
2 22 2 2 2 bg
C _ lubgo-obj luobjo-bg + 2O-objo-bg ln (1 _ a) o
obj
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“Jit8 Az, + Bz, + C = 0 TE—fRIE L N AELEF i o
.iL_/LB‘/fR\/ O-obj:O-bg =0 HTJ" ﬁn&—‘ﬁﬁ:

Z, = Hoyy ¥ Hyg g ln( < j
2 Moy = My \1—

PO | SERRBMES R
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PEIEABE 7 F 5%

*Stepl. EFE—MWILERIANTFBET (AT LA BUER T35 K BEAE AR AT 46 BIED
*Step2. FHZBMEIE BB 7 FI M A #7- R1IAIR2

*Step3. 73 AT HER AR 8K B ¥ 4E pl A2

*Step4. ILFFE— S HT AT = (ul +u2)/2

*Step5. EE2-4H & Ja B.E A A K AR A p2 R A 4R

Hangzhou Dianzi University v triHk School of Computer Science and Technology i+sih1s: i



0.15%355

100 150 200 255

0 b

|”|“||M!IJL
0

A 2 > B 2 O oo &

Hangzhou Dianzi University i vrHE k3 School of Computer Science and Technology 5w o




R\ 75 22 BE 573 &

”%LE%:
SEF TG ITEE, AR MER ARG, MIC, . WX
THERIZENTT Zm/D, KR Zm K, MR & s BE .-
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B KR EE——OTSUN &

25 —IREMR, HIH—ETTERRA:
P :ni/N; p; 20; Zpi =1

S BB BE Nk, W S H AR 2Ry
‘Pf(Cbg)=§Pf=w(") o =Pr(C,, )= p =1-w(k)

,u0=iz::iPr(i|Cbg):giPr(i,Cbg)/Pr( )= zlp/w— K)fo(k) . #(K)=Xip
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B KR 5 EE——O0TSU

« B AR HLIME N
L-1 L-1 _ k L-1 .
w=YiPr(i|C, )= Y ipjo =L (k) ty = ip,
i=k+1 i=k+1 l—-w k) i=0

e Wy, W, Uy, H /V%/@

@l@i’g@ Wy Uy + O L, = LU @, + @, =1
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B KR 5 EE——O0TSU

TR T £
k k
0-2 Z(Z_ﬂo ( ) Z l_:uo pz/a)
i=0 i=0
« HERISI T %
L-1 , [-1 ,
O, :Z (l _ﬂl) Pr(i | Cobj) = Z (l _ﬂl) pz/a)1
i=k+1 i=k+1
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> NINEWIGN 2 2 2
KNFTEN: 0, =w,0,t00;

KWHEN: oy =, (ty— 1) F oy (s~ 1)

= )W, (:U1 - :Uo)2

FRMERRE T ZRABE

22 Hik: K, Fukunage, Introduction to Statisticul Pattern Recogniition. New York: Academic, 1972, pp. 260-267.
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OTSUZ7 i R & SEH

D IR
BYTE* ptr = pimg;
for (i=0; i<imsize; i++) /1 it 27 K

histogram[*ptr++]++;

DIR2:

float prob[256], miu[256], miuT = 0;

L-1
o . ﬁ%=§ﬁn
for (1=0; 1<256; i++) { i=0

IR 2R MR
/] IR PE R o &

prob[i]= (float)histogram[i] / imsize;

miuT += miu[i] =1 * prob[i];
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OTSUZ5 ¥% B4k SR

DIR3: FIE RN T E
BYTE t=0; /] BI{Et

float miu0 = 0, miul, miuk =0, wk =0, w0, wl, sigma, sigma max = -1;

for(1=0; 1<256; 1++) { B
wk += prob[i]; miuk += miul[i]; Ho— H (k)/a)(k)
_Hr—H (k)

o . Hy=
miu0 = miuk / wO0; / 1— a)(k)
miul = (miuT - miuk) / wl;

sigma = w0*w1*(miul-miu0)*(miul-miu0);
/| F R Ksigmaft \ 2 _

if ( sigma >= sigma max ) {

w0=wk; wl=1-wk;

t=1;

sigma_max = sigma;
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BREL 708 O PR BR

Noise
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280000

200000 1

180000 3+ LOW

Moise free noise
Low noise
—— Highnoizse
100000 ¢+
RERIE!

0000 )
High
noise
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BREL 708 O PR BR

BEZFIR A
SCHLTRTEL, A ESR BIYR K FE AR B e R b A Z AR KIS, B Re A Rty BUR AT 70 31
‘%Fg\:

X 1 BER A ANAFAE I 38 IR P 22 57 BV B ALV R AT R EE 8 Y B O 51 e U DAAS TR A ) 25 2R
HaEE T ERNKERR, a5 ERER=EER.
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BT RRH B s &%

Yax v+
K-Means &%=
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K-MeansHE =

AEEMETZEH, K-MeansH % & — M cluster analysis 5.
HEFERRITELIRRENEE, FE@EE AR EGE 1 m s E N EE.
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1) BEHLAE B A KA Fh1 R

2) AR JE R B BT R B KA T R
PR ES, (R P, =R+ S milr, #ABA
P BT S A, (LKA, FATATLLE 2
A, BET LH®MFL, C, D, EgT
TR AR D

3) # ok, HATERIF T S 2E T En
“RBET B

4) RJFEEH2) M) 5, BREIM T Rsca%s) (BT LUE 2 E 2R
VU2 AT REE TA, B, C, THIMTEAESTD, BED
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K-Means E 2K

2N

2

LI = UGEMN, IRk

1000
J
S00 T
o—e—0o——Oe—0
0 . . .
2 3 4

o]

I

[T

-t

2t (&) 2
% L i
%3
o .r'._'bl'.
s
- 0

b |



SR B

1) Minkowski Distance/A *2) Euclidean Distance/A 2 * 3) CityBlock Distance’A =,
AR LR = BUE, ml BLE AL, Minkowski Distance 2y 7 HA=2 Minkowski Distance/s 3\ HHA=1
AT LR IES, SR ES K 1 i TR o
_ N A d. = d, = Xiw =X
dij_;tklxik_xjk i / ;‘ ]‘
.%T | ; .

uéﬁmﬁfmﬁ¢@
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K-Means&E: 4

Original K=5 K=11
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Graph Cuts7y#|
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Graph Cuts B#¥%

*Graph Cutss& —FinfT g = REIUALEYE, WM H T 0% (Image Segmentation)  MAKJLAC (stereo
Matching) . XK (Image Matting) ZEMWATSSH o

Image Labelling Problems: Assign a label to each image pixel

Object

Depth
Segmentation

| Estimation

Building
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Graph Cuts B#|&:

f5 Foreground / Background Estimation
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Graph Cuts B#|# B(x) [Z: w@(miﬂ +[ Z wij(l'fi,,mjﬂ

*Foreground / Background Estimation

Data term Smoothness term
Data term

—log(p(ri € FG))  Estimated using FG / BG
—lod(p(x; € FG) colour models

Smoothness term

Uil wy) = Kijo (g # xj)

where

Kij = M + Agexp(—3(1; — Ij)Q)

Intensity dependent smoothness

Hangzhou Dianzi University v triHk
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Graph Cuts B &

*Foreground / Background Estimation

Ex) =) ilz)l+| Y (i, a5)

1€V 1€V, 1EN;

Data term Smoothness term

*®

X" = arg minger, £'(X)
How to solve this optimisation problem?

* Transform into min-cut / max-flow problem

* Solve it using min-cut / max-flow algorithm

Hangzhou Dianzi University v triHk School of Computer Science and Technology i+sih1s: i




Graph Cuts B &%

R E N —IRER, HE-—KEG=(V, E)

« VABIGHITI A, KT EUEH IS5

o VIR TR IR B P A 2 iy T ST s

« SFRATR A (Source) , THRNIL A (Sink) ;
AT A CERMGAEIER =D HERL, KON

n-links;

E TS (BB IE R S&umT ki SAITHIEE:

21, FRNt-links;
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Original image
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Graph Cuts B &%

Cut (&) : Edn-linksiIEESEK)—THC,
Cut (E]) Wcost NIIEECHI A L IMBUE 2 A
R —AH, RS UBEZ M/,
RN /NE], W2 B F 4 R

AEEIFI, s/ FIFEREBIN R A AN AL
K T4ANB, HHSEA, TEB.

sz b, XN TFEANBY N T KGR 55 &
EMERBRE, BHS T2 T BB E.

Source (setA)

,/

ry
,:' Cost to assign to A

Sink (set B)
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Graph Cuts E#&

5
» First: select a region of interest
* How to select the object automatically?

 We care about two terms: graph and cuts
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Graph Cuts B &

*What are graphs?

® Nodes
* usually pixels
* sometimes samples

| Edges
* weights associated, W(i, j)
* e¢.g. RGB value difference
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Graph Cuts E#&

*  What are cuts?

* Each “cut” -> points, W(i, j)
* Optimization problem

* W(, ) = l/[RGB(i) — RGB(j)|
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Graph Cuts E#&

We want highest sum of weights

Each “cut” -> points, W(, /)

Optimization problem

W(, /) = 1/|RGB(i) — RGB())|

These cuts give high points
W(, j) = 1/|[RGB(i) — RGB(j)| is high

Hangzhou Dianzi University v triHk
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Graph Cuts E#&

We want highest sum of weights

Each “cut” -> points, W(, /)

Optimization problem

W(, /) = 1/|RGB(i) — RGB())|

These cuts give low points

W(i, /) = 1/[RGB(i) — RGB(j)| is low

Hangzhou Dianzi University v triHk
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Graph Cuts E#&

* Optimization solver

minCut = min} W(i, /)
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Graph Cuts BIF#:  <Extendable to (some) Multi-label Grab Cuts

Segmentation result

Background

3 source ;
VN terminal

\\...___

Foreground
terminal D. Khattab, H. M. Ebied, A. S. Hussein, M. F. Tolba. Multi-label automatic GrabCut for image

Graph Cut segmentation. 14th International Conference on Hybrid Intelligent Systems, 2014, 152-157.
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FCN - Segment Anything
F D~

240 e Convolutional Encoder-Decoder = _ >
; lconv]— 0
| e
el Convolution network Deconvolution network 1244 Pooling Indices y .
%6 55 % ﬂﬂ@

v oy 1x14 14x14 oy il g _5’_*-

- w 7 :

» i @f f f §

' CONCAT

forward /inference

-
backward /learning

o

ONV

H—IdeSdﬂ

Max
ax Unposling
pi)c(vhny mollng ml g SR — Unpooling

2 o e Unpooling
g T Unpodling

7 DeconvNet (2015)

FCN (2015)

YNet (2018)

iﬁ-ﬂ—‘i

ZNet (2022)

Mum.mna U-Shape Convolutior

- (H —oman nnUNet (2018)

py and crop
I;I*I o e #max pool 212
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FCN - Segment Anything

, score
(D mask decoder
Image \r
encoder B T T T , score
conv prompt encoder
image T T T T , score
embedding mask  points box text

7. vald ks

I_) annotate ﬁ

model data
T— train <—‘

Segment Anything 1B (SA-1B):

—— m—n

* 1+ billion masks
* 11 million images
* privacy respecting

* licensed 1mages
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LGB TR DT, Fop, MR EER, py) 5, 25 BRI
GREZ 905, Bla=0.5, KAV EERAIE S s LR .

[ Pz(z) 15 (3)
>

0 1 2 3

MR s DL BB TH 5 2 5
- puy(z)=(1-a) py(2,)

(z-1)/2=1-z/2 mp z=3/2
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