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Abstract— This paper mainly focuses on creating a global
background model of a video sequence using the depth maps
together with the RGB pictures. The first key concept is the
near objects block the scenes at the back. With the aid of
depth information, we can identify the closer moving objects.
Secondly, we develop a recursive algorithm that iterates
between the depth map and color pictures. Comparing to the
existing schemes, our proposed method can produce better
quality background images and it improves the background
depth map at the same time.

I.  INTRODUCTION

A general foreground detection using background
modeling needs to overcome a few common problems: (1)
illumination changes including changes gradually or
suddenly, (2) slowly moving background objects such as
movement of audience or the presence of dropping leaves
in background, and (3) changing background.

In the previous studies, several approaches of
constructing the background model have been proposed.
Generally, people use the color and motion information,
and the other characteristics of the background as features.
Then, a model is developed for the background images.
The most commonly used method is the Gaussian mixture
model [1][2], the nonparametric model [3], the codebook
background model [4], and others.

II. BACKGROUND MODELING USING DEPTH INFORMATION

A. Main concept and problems

3DV has an advantage that it contains depth
information compared with the ordinary video sequences.
Hence, there might be a way for us to model the
background using simpler or faster algorithms based on the
depth information. Typically, the stationary background has
the largest depth value or the smallest disparity in a scene.
Thus, we first collect the minimum disparity values of the
whole scene over the entire sequence. We first try the time
wise min filter applied to every pixel to form the initial
background disparity map,

Dmin(u' U) = minlsnsN D(u! v, Tl), (l)

where D,,;, is the minimum background disparity map, N
is the total number of frames of a video sequence, and D is
the original disparity sequence. Fig. 1 shows the D,
map of Poznan_Street sequence.

At the first look, the overall disparity map seems to be
acceptable. But with a close look, we can find some wrong
disparity values, which are farther than they are supposed
to be. We enlarge some of these areas in Fig. 2.
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Fig. 1  Dp,;, of'the Poznan_Street sequence.
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Fig.2  Enlarged disparity errors.

These artifacts occur due to inaccurate depth
estimation algorithm or active depth sensors, which contain
noises in the disparity maps. Typically, the incorrect
disparity pixels do not occur very often in the entire
sequence. Hence, how to create a robust background
texture image and depth map with reduced erroneous depth
pixels is our goal.

B.  Proposed depth-based background modeling
algorithm

We develop an iterative algorithm which contains two
elements: 1) extract the minimum disparity values, and 2)
update the region of interest (ROI), which indicates the
background region. The flow chart of the proposed
algorithm is shown in Fig. 3.

The proposed algorithm mainly contains 4 steps: (1)
construct an initial background color image using the depth
information. (2) Create/update the ROI based on the
initial/updated color background image. (3) Construct the
background depth map based on the ROI. (4) Construct the
color background image based on the ROI. The last 3 steps
are repeated iteratively to produce the final and better
results.
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Fig. 3 Flow chart of the proposed depth-based background modeling

algorithm.

1. INITIALIZE COLOR BACKGROUND

We make assumptions that: (1) the background pixels
should have the relatively larger depth values, and (2)
incorrect depth values do not appear often. We first
construct the initial color background image by:

N 1
Zn:1(1(u'v'n)XD(u,v,n)—Dmin (u,v)+1) (2)
2

Iy(u,v) = =
In=15 o m) Dy @)1
where I, is the initial background color image. We add 1
in the denominator of the weight to prevent the dividend
from infinite. The basic concept of this equation is to use
the color pixel having deep depth values to construct the
background image. If the wrong depth pixel number is
small, the result will be dominated by the majority. A
sample of [, of the Poznan Street sequence is shown in
Fig. 4.

Fig. 4

I, ofthe Poznan_Street sequence.

The result above shows that weighting average
according to reciprocal of difference between the current
disparity and time-wise minimum disparity works
reasonably well. However, there appears a ghost artifact of
a car on the left portion of the background image. This is
due to its long stay in the same position. Furthermore, in
this process, we like to create a good disparity map that
leads to a good color background image.

2. ROI UPDATING

In this step, we decide which pixels can be included
into the background region. The initial ROI is set as a 3D
matrix with all 1, and the dimension is (height of the
image)*(width of the image)*(number of frame in the
sequence). That is,

ROI(u,v,n) =1, forallu,v,n. 3)

Next, update ROI. The concept is to select the pixels
that are close to the true background image. At the moment,
the true background is approximated by the current mean
value. Thus, for each frame, we compare every color pixel
value that is close to Iy, and then update the ROI. More
precisely, we use the sum of squared difference (SSD) to
measure the similarity.

dif ference(u,v,n) =
4)
Yres(Iwv,n) —Ih(u, 17))2 ,V(u,v,n)eR0l.
Now, we need to find a threshold that is used to decide
ROI pixels if the difference in (4) is greater than this

threshold. We simply use the mean of the difference in the
current ROL

meangifrerence(u,v) —
Zfor allnwhere (u,v,n)in ROI dif ference(u,v,n)

Y for all n where (wyn)in ROI ROI(w,v,n)

)

,forallu,v.

We update the ROI indices using the following process.
ROI(u,v,n) =0,
if dif ference(u,v,n)
> Mmeangirrerence (u,v) (6)
V(u,v,n)eR0I.

Based on our notion of ROI, we only need to consider
the pixels belonging to ROI. And by removing the pixels in
ROI, we can eventually reach a stable result. Fig. 5 below
shows the flow chart of this block.

Fig. 5

Flow chart of updating ROL

3. GENERATE DEPTH MAP

After updating ROI (which are mostly the background
pixels), the next stage is using the time-wise min filter to
generate the background depth map in ROI,

Diteration (u' v) = D (u, v, n), (7)

min
1<n<N, (u,v,n)EROI

where iteration denotes the iteration index, for example,
D, stands for the first iteration.

4.  BACKGROUND COLOR IMAGE GENERATION

In this stage, we use the depth map produced in the
last stage to produce the weighted average of color images.
The procedure of this stage is the same as the first stage,
but D,,;, becomes the depth produced in the last stage,
and only the pixels in the ROI are calculated.



Literation (w,v) =

i I(u,v,n)x
Zfor all n where (u,v,n)in ROI ( ) |D(u'”'n)_Diteration(u'”)"'l|

1

Zfor all n where (u,yn)in ROI|D(u'”'n)_Diteration(u'”)"'l|

,forallu,v.

The above process is repeated iteratively until the
depth map becomes stable.

III. POST PROCESSING

Some example of the resultant depth map produced by
the proposed iterative process is enlarged and shown below
in Fig. 6.

III'

Fig. 6 Corrected depth maps and images and Post-processed depth maps:
the left is Dy, the second is Dy, the third is Dfingq;, and the right is I,

As you can see, most of the wrong depth values are
fixed. The road sign post in D,,;, was broken, but in D;,,
it is clearly much improved using our proposed algorithm.
However, there are still some wrong depth values on the
round road sign board. Assuming that the depth values in
most of the frames are correct, we apply a time-wise mode
filter (most frequent value) for every pixel in ROIL.

Dfinal (u" 17) = Ilréggﬁ D(u’ v, n) ’ V(u’ v, n) EROI (9)

After applying the mode filter, the results are also shown in
Fig. 7.

The depth values on the signboard and the antenna of
the car are closer to what we would expect. The final depth
map of this example is shown in Fig. 7.

IV. EXPERIMENTAL RESULTS

We apply our proposed algorithm to several MPEG
test sequences and show the results below. The first row of
an example is the selected images from a sequence, and the
second row is their associated depth maps, and the third
row is the background image and its depth map.
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Fig. 7 Dfing, of the Poznan_Street sequence
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We also compare the results of our proposed algorithm
with some other background modeling methods [5]. With
the help of the depth information and the proposed iterative
algorithm, our background images are clearly superior.

Proposed method Static Frame Difference

Adaptive Background
Learning

Gaussian Mixture Model of
Laurence Bender

Gaussian Mixture Model of
Zivkovic

VuMeter

Fuzzy Adaptive SOM

'V.CONCLUSIONS

As the depth sensor becomes popular, in addition to
the RGB video, we also have the depth information. Based
on the collected depth maps, which may not be all correct
at every pixel or every frame, we propose an iterative
scheme that utilizes the depth information to produce a
better background color image and its associated depth map
as well. Our proposed algorithm has the following nice
properties. (1) It iteratively removes wrong depth values to
eliminate the influence of noisy depth map. (2) It is a
non-parametric model; that is, we have no pre-assumptions
on the probabilistic models or parametric models on the
background images. (3) Compared with the conventional
background modeling methods, our method typically
produces a better background image. In addition, in this
process, we also obtain a good quality background depth
map, which is critical for virtual view synthesis
applications. But clearly, this approach relies on the good
quality of depth maps.
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