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 About CCL

* CCL 1s a fundamental operation in many image
analysis applications.
* group the connected points into a region

* transform the unit to be processed from point to region

license plate recognition
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Introduction

* About CCL
* The mput to CCL 1s a binary image

* 0: background points
* 255: object points
* The output of CCL is a label image

* The label denotes the region 1dentifier
(0 stands for background region)

 All connected points are with the same
label.
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Introduction

* Connectivity
* Adjacency: p; and p; are adjacent (neighbor) 1f
their point squares share a common part
* edge: 4-connectivity (N,)

* vertex: 8-connectivity (Ng)

4-connectivity (N,) 8-connectivity (Ng) 6
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Introduction

* Connectivity

* Definition: two object points p and g are called
connected 1f theres exist a path from p to g

P—=>Do>DP1>2>DP2> " >>Pn—(q
* Do, D1, -, Pn are all object points

* Di 2D denotes p; and p j are adjacent
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Introduction

* Connectivity

4-connectivity (N,)

| E B 10 path fromp to g
and g are not connected
EEE p q not

8-connectivity (Ng)

a path from p to q
% p and q are connected
are the object points p and g

connected ? P)
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Introduction

* Connected Component

* Definition: a maximum set S of object points
that are connected of each other.

* p and q are connected,andp €S, > q € S
*p€ESandqg €S = p and g are connected
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Two-Pass Labeling

* Approach Overview
* scan the 1mage for two times

* go from left to right and top to bottom
* only deal with the object points but skip the

background points.
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Two-Pass Labeling

* Approach Overview

* First Pass: assign temporary labels and record
eguivalence relations

* Second Pass: resolve label equivalence and
replace temporary labels.
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B H::: B 2~3~5
Bl EEEN:E 4
| BN | EEEREY | resolve 1~%
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B H::: B
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TwoPassCCL(Image)

initialize label_map with the value 0

// first pass
for row=0 to image.rows - 1
for col=0 to image.cols- 1
If image[row, col] is not background
@ assign temporary labels

@® record equivalence relations

//second two
@ resolve label equivalence
for row=0 to image.rows - 1
for col=0 to image.cols- 1
If image[row, col] is not background

@ replace temporary labels

return label_map
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Two-Pass Labeling

* First Pass: assign temporary labels

* Step 1: collect the labels 1n adjacent points of the
object point p as N(p)
Al lllllllll

’1'1'1.‘2’2'2. TR 2.2 %
AR AEEE B ..53%...
HE BEE N

4-connectivity (N,) 8-connectivity (Ng)
* Step 2: assign a temporal label to p

* N(p) = @: assign p a new label
* N(p) # @: assign p a minimum in N (p) ﬁ)
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Two-Pass Labeling

JdEEEEEEE SEESEEEE.
B o - REEERE K B

B B
HEEEEEEEEN
N(p) = {1}

.01 .1 01 .02 02 02 .

B B
HEEEEREEN
N(p) = {2,3}
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Two-Pass Labeling

* First Pass: record equivalence relations
* Condition: more than one label in N(p)
e current point p connects different labels in N (p)

* add equivalence relation [; ~ [; for [;,l; € N(p)

HEREEEEEEE EEEEEEEEE B EEEEEEEE
B  B: 2= B W22 B l::: R
K llli2= HEN EEEN:E

N B H = B N
HEEEEEERER IIIIIIIII
N(p)={23} 2~3 N(p)={14} 1~4 N(p)—{Z/‘S}/Z ~5
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Two-Pass Labeling

* Second Pass: resolve label equivalence
* Step 1: create single-integer-item sets
* Step 2: process every equivalence pair [;~I; to
form equivalence classes

EEEEEEEER {1}, {2}, {3}, {4}, {5}

BN EEEN: B P
BN EEmE:E -3 (1},(23), (4.5}
NN EEEE:E 4 (1,4,@23),(5)

B:: 1055 : 8

ENEEEEEEE ‘> {14},{23,5}

{2~3,1~4,2~5} 1%
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Two-Pass Labeling

* Second Pass: replace temporary labels

* replace the label at p by the minimum of the set
containing the label of p

(14}, 235 goEEESEES

HE BEEE: R

U H =N
1 2

{2,3,5} - 2 — — —
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TwoPassCCL(image)

initialize label _map with the value 0

// first pass * N =collected labels in
for row=0 to image.rows - 1 adjacency of point p (row, col)
for col=0 to image.cols - 1 c fN=0
if image[row, col] is not bacw » assign a new label to p
@ assign temporary labels e else
@ rccord equivalence relations  assign minimum of N to p
//second two
resolve label equivalence « ifIN|>1
for row=0 to image.rows - 1 * [; = min(N)
for col=0 to image.cols - 1  add equivalence relation
If image[row, col] is not background li”"lj for all lj eN

replace temporary labels

return label_map
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TwoPassCCL(image)

initialize label _map with the value 0

// first pass

for row=0 to image.rows - 1 * create single-integer-item sets,

(1,020

* for each equivalence pair (I;, ;)

for col=0 to image.cols- 1
If image[row, col] is not background
assign temporary labels

record equivalence relations * unify two sets that contains

[: and [;, respectively.
/Isecond two l j» Te5P Y

@ resolve label equivalence

for row=0 to image.rows - 1 e replace the label at p by the
for col=0 to image.cols - 1 minimum of the set containing
if image[row, col] is not bad{y‘ﬁ the label of p

@ rcplace temporary labels

return label_map

18



19

kfustce

N

i






