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Outline
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• Codebook Construction

• Subtraction Process

2



Introduction

• About Background Subtraction
• Assumption: camera is stationary
• Objective: segment the region of interests 

(foreground) from the background scenes
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Introduction
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Subtraction Process: subtract the background 
from the currently observed image.
Modeling Process:  construct a model for 
describing the background scene



Introduction

• About Background Subtraction
• The major challenge in background subtraction is 

dynamic background. 
• contains non-stationary background objects
• makes it unfeasible to model intensity of a point by a 

unimodal distribution.
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Introduction

• Dynamic Background Handling
• Gaussian Mixture Models (GMMs): approximate 

actual distribution by several  Gaussians
• Advantage: few model parameters (small memory)
• Limitation: with Gaussian assumption

6
C. Stauffer and W. Grimson, “Adaptive Background Mixture Models 
for Real Time Tracking”, CVPR, 1999. 
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Introduction

• Dynamic Background Handling
• Non-Parametric Model: approximate actual

distribution by a period of samples
• Advantage: without Gaussian assumption
• Limitation: large model parameters (large memory)

7
A. Elgammal, D. Harwood, and L. Davis, “Non-Parametric Model 
for Background Subtraction”, ECCV, 2000. 



Introduction

• Idea
• similar to non-parametric model: approximate  

distributions by a sample set.
• similar to GMM: describe the sample set by a 

compact form (called codebook)

8𝒙
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Codebook Definition

• About Codebook 
• Let ଵ ଶ ே be a sequence of background 

RGB-vectors of a single point 

• A codebook is used to describe ଵ ଶ ே by 
codewords ଵ ଶ 

• Each codeword stands for part of background 
RGB-vectors.
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Codebook Definition

• About Codebook 
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Codebook Definition

• About Codeword 
• A codeword  models the sequence of RBG 

vectors in th cluster
• intensity property
• temporal property

•   
• 𝐯 ൌ ሺ𝑅ത, 𝐺, 𝐵തሻ: mean RGB vector
• 𝐚𝐮𝐱 ൌ൏ 𝐼ሙ, 𝐼መ, 𝑓, 𝜆, 𝑝, 𝑞 
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Codebook Definition

• About Codeword   
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Codebook Construction

• Formulation
• Input: ଵ ଶ ே : a sequence of training 

RGB-vectors of a point
• Output: ଵ ଶ 
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Codebook Construction

• Incremental Clustering
• Initialization:  (empty set)

• Iterative Step ( : sequentially match 
observation ௧ to all codewords 

• Case 1 (no match): create a new codeword

• Case 2 (match found): update the first matched 
codeword 𝑐 and move it to the first codeword in 𝐵

14



Codebook Construction

• Case 1 (no match)
• create a new codeword using ௧

• 𝐯 𝑥௧=ሺ𝑅௧, 𝐺௧, 𝐵௧ሻ
• 𝐚𝐮𝐱 ൏ 𝐼௧, 𝐼௧, 1, 𝑡 െ 1, 𝑡, 𝑡 
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Codebook Construction

• Case 2 (match found)
• update first matched   
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Codebook Construction

• Case 2 (match found)
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Codebook Construction

• Background Codeword Selection
• Objective: select codewords representing the 

static or dynamic background points.
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Codebook Construction

• Background Codeword Selection
• Observation: true background is quasi-periodic, 

that is, values recur in a bounded period

• Rule: take the codewords with small 

• 𝑇: a threshold value (half the number of training 
frames 𝑁/2)

19

𝐵 ൌ ሼ𝑐|𝜆  𝑇ሽ



Subtraction Process

• Color Model of a Codeword
• The shape of point intensity distribution has two 

attributes.
• elongated 
• toward the origin (0,0,0)

20color chart image
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Subtraction Process

• Color Model of a Codeword
• The color model defined by 𝑐 ൌ

ሺ𝐯, 𝐚𝐮𝐱ሻ is a cylinder.
• 𝐯: major axis of cylinder 

• 𝛾: cylinder radius (constant)

• [𝐼
௪, 𝐼

]: top/bottom bases
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Subtraction Process

• Match Definition 
•  =1 : is in the -defined cylinder.

• 𝑑 𝑥, 𝐯  𝛾 and

• 𝐼
௪  𝑥  𝐼
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Subtraction Process

• Point Labelling ( )
• : at least one codeword is matched.

• : none of codewords are matched
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