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Abstract— This paper proposes a GPU based algorithm for
extracting moving objects in real time. The whole process of
the proposed approach is handled on GPU. GPU is used for
acceleration and the proposed approach increases processing
speed dramatically. The method uses a∗ component and b∗

component of CIELAB color space without extracting shadow
areas as moving objects. It is robust to intensity changes
because an estimated background image is generated and
moving objects are extracted using background subtraction of
the estimated background image and the observed image. The
proposed method reduces the times for transferring calculation
results from GPU into CPU and the opposite transfer. Reducing
the transfer times contributes to speeding up of the proposed
method. Results are demonstrated with experiments on real
data.

I. INTRODUCTION

Real-time extraction of moving objects from video se-
quences is an important topic for various applications of
computer vision. Applications include counting the number
of cars in traffic, observing traffic patterns, automatic detec-
tion of trespassers, video data compression, and analysis of
non-rigid motion.

Among the segmentation approaches of moving objects,
“Background subtraction” is the most basic and speedy
approach. However, it works well only when the background
has the constant brightness, and fails when the brightness of
moving objects is close to that of the background.

“Peripheral Increment Sign” (PIS)[1] is proposed for the
condition in which the illumination is not constant in a video
sequence. It is applicable to the real-time implementation
because the filtering process is simple, but the segmentation
of moving objects itself is still liable to be affected by noise.

As for the “Normalized Distance”[2], which was proposed
to give a better result even with the effect of illumination
changes, it is also based on the background subtraction, and
is liable to be affected by noise and fails when the degree of
brightness is low or when the observed one has the similar
surface texture as the background.

In [3], an approach to estimate the background occluded
by moving objects is proposed. It uses the information of
surface texture of objects and the normalized intensity to the
effect of illumination changes, because these are illumination
invariant features. This approach assumes the linear change
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of illumination intensity, and is not applied to the nonlinear
intensity changes.

On the other hand, the probabilistic approaches using
mixtured Gaussian model are proposed to remove shadow
regions of moving objects from the estimated moving
regions[4]-[6]. These methods need learning process to
extract moving objects and are not applied to the quick
illumination changes.

We proposed the method[7] to extract moving objects
from color video sequences. The method is robust both to
noise and to intensity changes caused by scene illumination
changes or by camera function. A present background image
is estimated by generating conversion tables from the original
background image to a present image. Then, moving object
regions are extracted by the method based on background
subtraction. Because the background image, which excludes
moving objects themselves, is estimated from the observed
image and the original background image, the method is
applicable to nonlinear intensity changes.

The method[7] has a problem that shadows produced by
objects are regarded as moving objects. The methods for
shadow detection[8][9] or object extraction by using chro-
matic information[10] have been proposed. When the shadow
detection process is added to the method for extracting
moving objects, it becomes difficult to handle the whole
process in real time. While, object extraction methods by
using chromatic information, to which RGB color space is
converted easily, can handle the whole process in real time.
However, simple background subtraction using chromatic
information has the limitation to solve intensity changes.

To handle shadows, we proposed the method[11] that uses
CIELAB color space converted from RGB color space. It
consists of three axes (L∗, a∗, b∗). L∗ component represents
lightness and both of a∗ component and b∗ component are
chromatic information. The method uses only a∗ and b∗ com-
ponents because both of them are unchanged approximately
even when shadows are cast. We improved the method[7]
to extract moving objects by using a∗ and b∗ components.
The method is also robust to noise and nonlinear intensity
changes. The process of converting RGB color space to
CIELAB color space is very time consuming. It becomes
difficult to handle the whole process on only CPU in real
time. So, a part of the process of the method used GPU for
acceleration.

Meanwhile, the method[11] requires the times for transfer-
ring calculation results from GPU into CPU and the opposite
transfer. The transfer process is a heavy loaded process.
Moreover, the method requires the transfer times longer
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when a larger image is used. When the whole process can
be handled on GPU, it can be reduced. The method has a
potential for speed-up.

In this paper, we propose a GPU based algorithm for object
extraction. The proposed method is handled the whole pro-
cess on GPU. Handling the whole process on GPU increases
processing speed of the proposed method and reduces the
times for transferring data between GPU and CPU. Reducing
them contributes to speeding up of the proposed method.

The proposed method uses a high definition video because
a high definition camera can take a video of a wider area
while keeping the same quality of graphics as a normal
camera. Instead, using it increases the computational cost
and the transfer times. The proposed method can handle the
whole process in real time even though a high definition
video is used.

Results are demonstrated on experiments with real video
sequences.

II. ROBUST BACKGROUND SUBTRACTION FOR

ILLUMINATION CHANGES[7]

Current Frame Image Background Image

Estimated Background Image

Generation of Estimated Background Image

Blocking Process of Background Subtraction Values

Moving Region

Previous Frame Image

Fig. 1. Outline of Method[7]

Fig. 1 shows the outline of the method[7]. It consists
of two processes. The first process estimates the present
background image. The second process extracts moving
objects based on background subtraction.

A. Generation of Estimated Background Image

Let the RGB color values at (x, y) in the original
background image, BG, be denoted by BG(x, y) =
(BGR(x, y), BGG(x, y), BGB(x, y)). Let those in the ob-
served image at time t = 1, 2, . . . , be denoted by It(x, y) =
(IR

t (x, y), IG
t (x, y), IB

t (x, y)). The region with no moving
objects at t is defined as the background region, At.

When the intensity of the whole image changes, for
example, owing to the automatic gain control function of the
camera, It(x, y) in At differs from BG(x, y). In this case,
moving regions cannot be extracted by simple background
subtraction. The background image, BGt, has to be estimated
with high confidence. Then moving regions are extracted
using the subtraction of BGt and It.

Conversion tables which convert BG into BGt are gener-
ated to estimate BGt.

The present background image, BGt, is estimated through
the following procedures:

1) Generate conversion tables
2) Obtain BGt from conversion tables

B. Generation of Conversion Tables

Let (x, y) and (x′, y′) be different points in the image.
Suppose, when the overall intensity of the whole image
changes, that the value of IR

t (x, y) is equal to that of
IR
t (x′, y′) and the value of BGR(x, y) is equal to that of

BGR(x′, y′). From this assumption, a conversion table from
BGR(x, y) to IR

t (x, y) is obtained based on the relation
between BGR(x, y) and It(x, y)R in At. Conversion tables
for the G and B color channels are obtained in the same
way.

A’
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 (Binary) Image

SUBTRACT
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Fig. 2. Specifying Region A
′

t

Let the candidate for the background region be A′

t. Fig.
2 shows how to specify A′

t. First, the absolute values of the
differences between It and It−1 are obtained. Second, the
region with the smallest differences is selected by thresh-
olding. Third, A′

t is calculated as the logical AND between
the selected region and the last estimated background region
At−1. Here, A0 is the entire image, which is necessary to
estimate BG1.
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Fig. 3. How to Make Histogram

The conversion table of each channel from BG(x, y) to
It(x, y) is made by the RGB values in the obtained region
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A′

t. These tables convert the RGB color values of BG to
the estimated background image BGt. A histogram shown
in Fig. 3 is produced from each set (IR

t (x, y), BGR(x, y))
in the region A′

t to make the conversion table for R channel.
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Fig. 4. Generating Conversion Table from Histogram

The conversion table is obtained from this histogram as
shown in Fig. 4. As shown in the histogram, at the ‘value at
BGR = 26’ in Fig. 4, some pixels with the same value of
BGR may not have the same value of It under the effect of
noise. Therefore, the conversion table uses the median value
of a set of pixels at It. Since the median value of It becomes
11 in this example, the set (26, 11) is obtained and added to
the conversion table. The set consists of all pixels which
have the same value in BG(x, y) as A′

t. Then, the linear
interpolation is applied to the points that do not appear in
the conversion table.

The conversion tables convert the RGB color values of
BG to the RGB color values of the moving region in It.
As a result, the background, BGt, without moving objects
is estimated.

C. Object Extraction by Background Subtraction

After BGt is estimated, regions corresponding to moving
objects are extracted by background subtraction.

To get a more robust result, It is divided into blocks.
Each block is recognized as a background region or not. The
total of the absolute values of differences for each block is
calculated for each color channel. A block that has one (or
more) total below threshold is regarded as a block of an
object.

The method changes the threshold value dynamically as
the intensity of the whole image changes. The histograms
shown in Fig. 3 are used to determine the threshold. The
procedure for determining the threshold for an R value is
as follows: The range with 80% or more of frequency from
the mean value is considered. That value is adopted as the
threshold for that R value.

The threshold for an R value that does not appear in
the conversion table can not be determined by the above

procedure. In that case, the threshold for the R value is set
to be one smaller value than the R value. Thresholds for G

and B channels are determined in the same way.
The threshold for each pixel is determined for each color

channel. Next, the sum of the absolute values of the dif-
ferences between BGt(x, y) and It(x, y) and the sum of
threshold values for each channel are calculated at each
block. Finally, blocks where the sums of the absolute value
of the differences become larger than those of the thresholds
of all channels are regarded as blocks in the background.
Otherwise, they are regarded as blocks in the moving object.

Each block is analyzed by the above process. Subse-
quently, a more detailed outline of the moving object is
extracted. For blocks that overlap the boundary of a moving
object, each pixel is classified into either the moving region
or the background region, as was the case for the whole block
itself.

III. HANDLING SHADOWS BY CIELAB COLOR SPACE

To extract moving objects, one of the big problems to
be solved is how to handle shadows. In the case of using
RGB color space, shadows are regarded as moving objects
by many methods for object extraction because RGB values
of a pixel in a shadow area differ from those of the same
pixel in the original background image.

Extracting shadow areas as moving objects causes the
problems that two or more target objects are falsely recog-
nized as one object or that shadows are detected as moving
objects even though no moving object exists in the image.

To handle shadows, some methods which use the chro-
matic information, such as H and S components of HSV
color space, U and V components of YUV color space
etc.[12], have been proposed[10]. Our method uses a∗ and
b∗ components of CIELAB color space to handle shadows
because the method using CIELAB color space can give
more appropriate results[10].

a∗ component and b∗ component are calculated by equa-
tion (1) and (2) respectively.

a∗ = 500

(
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0 ≤ R, G, B ≤ 1

However, simple background subtraction has the limitation
for addressing nonlinear intensity changes even though the
chromatic information is used. The proposed method im-
proves the method mentioned in II to extract moving objects
by using a∗ and b∗ components. L∗ component is not used
because L∗ value of a pixel in a shadow differs from that of
the same pixel in BG.

Let the image that RGB values of each pixel in BG is
converted to CIELAB values be denoted by BG

Lab
, and let

the image that RGB values of each pixel in It is converted
to CIELAB values be denoted by I

Labt.
The procedure of the proposed method is as follows:

BG
Lab

is achieved in advance. First, the conversion tables
for a∗ and b∗ components are generated by the same way
mentioned in II-B after achieving A′

t. Next, the background,
BG

Labt, is estimated by BG
Lab

and the conversion tables.
And last, moving objects are extracted by using subtraction
of BG

Labt and I
Labt.

IV. SPEED UP USING GPU

Recently, the performance of the Graphics Processing Unit
(GPU) has been improved to display more polygons in
shorter time. The geometry and rendering engines in a GPU
are highly parallelized. Moreover, the shading process has
become programmable via what is called the “Programmable
Shader”. Current GPU make geometry and rendering highly
programmable.

GPU is very powerful, specialized processors that can be
used to increase the speed not only of standard graphics
operations but also of other processes[13]. GPU is useful for
image processing and can be programmed with a high-level
language like C. Some approaches using GPU have been
proposed in the field of computer vision recently[14][15].
This proposed method uses GPU for acceleration.

There are many processes that calculated results of each
pixel can be computed in parallel in the case of the proposed
method. These can be accelerated easily by using GPU. So, a
part of the whole process of the methods[7][11] is computed
by GPU. The methods generated the histograms on CPU
because generating the histogram process can not compute
at each pixel in parallel. The processes for generating conver-
sion tables and determining thresholds are also computed on
CPU because both of them are a little time consuming and
the amount of the histogram data is more than the amounts
of data for conversion tables and thresholds.

When the histograms are generated on CPU, A′

t and I
Labt

data should be transferred from GPU into CPU. The transfer
process is a heavy loaded process. Moreover, the method
requires the transfer times longer when a larger image is
used. Handling the whole process on GPU reduces the
transfer times and increases processing speed.

A. GPU Based Implementation of Proposed Method

Here, we propose the GPU based algorithm for moving
object extraction.

The procedure for the proposed method is as follows:

BG
Lab

is achieved in advance

1) Generate It texture from the observed image at t

2) Generate I
Labt texture converted from It texture

3) Extract A′

t from I
Labt texture, I

Labt−1 texture and
At−1 texture, and render the result into A′

t texture
4) Generate the histogram texture
5) Generate the conversion table texture from the his-

togram texture
6) Generate the threshold texture from the histogram

texture
7) Estimate BG

Labt from BG
Lab

texture, I
Labt texture,

A′

t texture and the conversion table texture
8) Calculate the absolute values of differences between

I
Labt and BG

Labt, and render the results into a texture
9) Determine the thresholds for each pixel and render the

results into a texture
10) Calculate the sums of the absolute values of differences

at each block and render the results into a texture
11) Calculate the sums of the thresholds at each block and

render the results into a texture
12) Render the results for blocking process into a texture
13) In the border blocks of a moving object, render the

result for thresholding process at each pixel into At

texture. Otherwise, render the result for blocking pro-
cess into At texture

a∗ and b∗ values which are calculated in the procedure
2) are normalized to the range between 0.0 and 1.0 and
these values of each pixel are rendered into R channel and
G channel of I

Labt texture respectively.
Each pixel in A′

t texture and At texture has (0.0, 0.0, 0.0)
or (1.0, 1.0, 1.0). Pixel values are set to (1.0, 1.0, 1.0) if
the pixel is in the background. Otherwise, they are set to
(0.0, 0.0, 0.0).

The detail of the procedure 4) is shown in Fig. 5. Polygon
vertices of the same number as the number of pixels are
prepared in advance. The size of the histogram texture is
256 × 256 pixels and the format of it is a floating format.
The histogram of each component is generated through the
following procedure. The position of each vertex is set at
(BGi

Lab
(x, y), Ii

Labt(x, y), 0)(i = a∗, b∗) where pixel values
at different point are loaded in each vertex shader process.
If the vertex loads pixel values of the pixel in A′

t, the
color of it is set to (1.0, 1.0, 1.0). Otherwise, it is set to
(0.0, 0.0, 0.0). After that, the color of each pixel in the
histogram texture is rendered by additive synthesis of the
color of vertices in the pixel shader process. This process
renders the number of the set (BGi

Lab
(x, y), Ii

Labt(x, y))
into the pixel at (BGi

Lab
(x, y), Ii

Labt(x, y)) in the histogram
texture.

The size of the conversion table texture is 256× 1 pixels.
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Fig. 5. How to create Histogram Texture

BGi

Labt(x, y)(i = a∗, b∗) is rendered at (BGi

Lab
(x, y), 1) in

the conversion texture through procedure 5). BGa∗

Labt(x, y)
is rendered into R channel of the conversion table texture
and BGb∗

Labt(x, y) is rendered into G channel. BG
Labt is es-

timated after the conversion table texture is generated. First,
BGi

Lab
(x, y) is loaded. Second, the value at (BGi

Lab
(x, y), 1)

in the conversion table texture is estimated as BGi

Labt(x, y).
The size of the threshold texture is also 256×1 pixels. The

threshold for the pixels that have BGi

Lab
(x, y) is rendered at

(BGi

Lab
(x, y), 1) in the threshold texture through procedure

6). Thresholds for a∗ component are rendered into R channel
of the threshold texture and those for b∗ component are
rendered into G channel. The thresholds for each pixel are
determined as the same way of estimating pixel values of
BG

Labt.

V. EXPERIMENTAL RESULTS

TABLE I

SPECIFICATION

CPU Core2 Duo E6600
Memory 1GByte
GPU GeForce 8800GTX
OS Windows XP
API DirectX 9.0c
Shader Language HLSL

In the experiments, a general purpose high definition
video camera is used as the input device. A PC is used to
extract moving objects. The specification of the hardware and
software is shown in Table I. We wrote the shader programs
by HLSL to handle the whole process on GPU. Each target
image frame was 1440 × 1080 pixels. The corresponding
block size was set to 10 × 10 pixels.

First, an outdoor scene is used as the original background.
The experiment was done about 15 minutes after sun set.

Fig. 6 shows the background images obtained in advance.
Fig. 7 shows the observed images and experimental results.

Fig. 6. Background Image

Fig. 7-(a) shows the observed images, which have different
overall brightness from the original background image and
Fig. 7-(b) shows the experimental results. The white region
shows the detected moving object, and the black region
corresponds to the detected background region. Fig. 7-(b)
demonstrates that this approach can handle shadows and
extract the moving object with high performance even under
gradual change in sunlight. Fig.7-(c) shows the experimental
results produced by our previous approach [7]. It is shown
that the approach[7] do not address shadows.

In this experiment, using the GPU performed about 0.34
msec/frame 1. In contrast, without the GPU performed about
864.53 msec/frame. This result shows that using GPU in-
creases processing speed dramatically so that we can extract
moving objects in real time.

The breakdown of the processing time is shown in Table
II. It shows that almost all processes are accelerated by GPU.
In particular, the processing time of converting RGB color
space into CIELAB color space is markedly shortened. Using
GPU enables real-time processing of color space conversion
even though it increases the computational cost hugely.

On the other hand, the process for determining thresh-
olds with CPU is a little faster than that with GPU. This
shows that not all processes can be accelerated by GPU.
It is possible to use GPU together with CPU. In this case,
transferring data from GPU to CPU or the opposite transfer is
required. It takes some time. If the method is implemented in
GPU and also CPU, it takes about 14 msec for data transfer
between GPU and CPU. The data transfer process is a time-
consuming process. Handling the whole process on GPU is
faster than that on both CPU and GPU in the case of the
proposed method.

Another experiment was done in the sunny daytime. Fig. 8
shows the experimental result. Fig. 8-(a) shows the original
background image. Fig. 8-(b) is the image obtained about an
hour after the background image is taken. Shadows which
are cast by building and trees move and the illumination
changes slightly. Fig. 8-(c) is the result. The Shadows are not
extracted as moving objects. This experiment also shows that
the proposed method can handle shadows. Swaying branches

1This does not include the time for transferring frame data from CPU
into GPU. The calculation time for the method with only CPU does not
also include the transfer time for result data from CPU into GPU.
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(a) (b) (c)

Fig. 7. Observed Images and Results: (a) Observed Images, (b) Results of the proposed method and (c) Results of the method [7] (Top: 1 Minute after
Starting Shooting, Upper Middle: 5 Minutes after, Lower Middle: 10 Minutes after and Bottom: 15 Minutes after)

TABLE II

BREAKDOWN OF PROCESSING TIME

With GPU (1) With only CPU (2) ratio
(unit: msec) (unit: msec) ((2)/(1))

Color Space Conversion Process 0.03 805.68 26856
Specifying A′

t Process 0.02 15.43 771.5
Generating Histograms Process 0.02 15.86 793
Generating Conversion Tables Process 0.06 0.08 1.33
Determining Thresholds Process 0.04 0.01 0.25
Blocking Process 0.04 20.09 502.25
Pixel Process 0.01 1.90 190
Total 0.32 864.53 2701.66
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(a)

(b)

(c)

Fig. 8. Experimental Result: (a) Background Image, (b) Observed Image
and (c) Result

are extracted as moving objects in Fig. 8-(c). It is preferable
that they are not extracted.

Next, the experiments were done for indoor scenes. The
experiments were done in a room illuminated by fluorescent
lamps. Fluorescent lamps were turned off in the middle of
the image sequence.

Fig. 9 shows the observed images and experimental results.
Fig. 9-(a) shows the original background images taken in
advance. Fig. 9-(b) shows observed images, which have
different overall brightness from the original background
image and Fig. 9-(c) shows the experimental results. These
results show that this approach can also extract the moving
object with high performance even under quick illumination
changes.

VI. CONCLUSION

A new approach is presented to extract the moving regions
without shadows in a high definition video sequence under
the intensity changes. The whole process of the method is

handled on GPU.
The proposed method uses CIELAB color space to handle

shadow areas produced by objects. It estimates a∗ and b∗
components of the present background image and makes it
possible to extract moving objects without shadow areas.
Moreover, the proposed method has robustness to intensity
changes.

Using CIELAB color space increases the processing cost
because converting RGB color space to CIELAB color space
is a heavily-loaded process. Using high definition videos also
take heavy processing cost. This problem is solved by using
GPU. GPU is used for acceleration. Handling the whole
process on GPU reduces the times for transferring data from
GPU into CPU and the opposite transfer. The reduction of the
transfer times results in increasing processing speed. Moving
objects without shadows in high definition video sequences
can be extracted in real time by the proposed method.

This paper contributes to fields of computer vision, pat-
tern recognition, augmented reality, artificial intelligence and
GPGPU. It is expected that GPU increases the speed in many
fields.

Future work includes the automatic update of the back-
ground image and addressing the small movement, such as
swaying trees or shake of curtain.
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