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Abstract

This report describes a new algorithm for background modeling and background subtraction based on a
quantization technique. Sample background values are quantized into an array of codebooks which represent a
compressed background model. This allows us to capture structural background variation due to periodic-like
motion over a long period of time under limited memory. We have applied the method to real image sequences of
both indoor and outdoor scenes. It is shown that the method is suitable for both stationary and moving
backgrounds. The method is also very robust with respect to video quality (both raw and variably compressed
videos). Italso allows the presence of moving foreground objects in the scene during the initial training period.
That the background model can be initialized in unconstrained scenes is useful to many applications.
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1
(surveillance systems) [1,2]
(traffic monitoring. systems) [3, 4] (face detection and
recognition systems) [5] (machine vision for visual impairs)

(virtual teleconference systemsH

(
13) (moving backgroud) ( 1b)
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Codebook-based Background Subtraction (CB-BGS)
University of Maryland
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(moving - background)
(real-time systems)

2. Literature Review

stereo-based approach ([11, 12, 13])
contour- or region-based approach ([14, 15, 16])
background subtraction approach
(background scene model)

(background scene modeling) 2



1) imodal

background subtraction

Long and Yang [15]

Karmann and Brandt [16]
Long and

Yang Karmann and
Brandt (temporal  smoothing)
Yamada et a [6] Wren etal [7] [17]
Yamada et al RGB  YIQ
YIQ Wren et al

single  Gaussian

[17]

unimodal

Kalman filter

(stationary background)

2) Multimodal
(multimodal)
distribution)

and Grimson [19]
(adaptive modeling)

blending problem
model)

Elgammal et al [20]

(short-term  model)

Ridder et a [§]

unimodal
(moving background)
4 [18] 2 (bimodal
(maximum temporal deviation) Stauffer

K Gussians

(non-parametric

(long-term  model)
Codebook-based



Background Subtraction (CB-BGS) Elgammal et al

Quantization
(stationary  background)
(moving  background) CB-BGS
b , digital
(low-bandwidth compressed video)

3. (Background Modeling)

Vector Quantization (VQ) VQ

[21] - CB-BGS VQ
codebooks VQ codebook

Background Model

2 CB-BGS

. Generating Initial Codehbooks
T ftraining set

mapping
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O  codebook i codeword
M M codebook
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codeword ( 0 ) codebook codeword
Q function codeword

X

0m  codeword

Square-error

codeword (
codeword ) codeword codebook
codebook

codeword ( Om) codeword

. Temporal Filtering
1 codebook

(noise) codeword codehook
codeword

(noise)
(periodic-like occurance)
maximum negative run-length ~ k codeword
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lll. Spatial Filtering

codebook codeword
(spatial
information)
4, (Background Subtraction)
()
Detection Result
5I 1
4 5
4

(a,b,c)

MPEG-1 100 Mbit/s
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