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TRACT— Noise suppression is i
/ngd from Microsoft Kinect. This nzg;’;u;u;[ problem. For this, in this Ppaper, we propose a new model of noise in depth
g ¢ Is then will be detected and their valyes .Zsed on the stability of pixels during a duration of time. Using this model, the
"mseeixfess and the robustness of the proposed ;1 be recovered using knowledge of measured values. In order 1o evaluate the
¢ ec!;:;’; on application. The experimental resuit}:‘gog I’"g mf;l/wd, we have conducted an extensive experiments in background
segm on is increased from 75% to 83%, 10w that thanks to the denoising step, the accuracy of background

naj rel

segmemaf

Keywords — Depth map, Noise suppression, Background Subtraction

I. INTRODUCTION
Nowadays, Microsoft Kinect has become a ve

- ¢ ry commode device in many areas including computer vision
robotics human interaction and augmented reality, J e P ;

X S deth infi ; - Jjust name a few. The most advantage of this device is its low-cost
while providing depth information of the scene. However, the depth information is quite noisy that decreases the

performance of latter processing (background subtraction, human detection, and tracking). Therefore, for an efficient
use of depth map from Kinect, it is necessary to suppress noise.

To remove nois§, the_characteristics of noise should be explored and analyzed. Recently, researchers have
shown an increased variance in depth as the distance between the sensor and observed surface increases [3, 4]. In [2],

the authors proposed a noise model, that bases not only on axial but also lateral component. These components are
varied following the distance and angle to the observed surface.

In this paper, we quantify the stability of a depth pixel during time to correct its value in an adaptive manner. As
results, noise pixels are strongly removed. We apply this method of noise suppression for background subtraction and
observe a significant improvement of results.

The remaining of this paper is organized as follows. Section 2 explains the proposed method to remove noise
from depth map. Section 3 shows the performance of noise suppression in a background subtraction problem. Section 4
concludes and gives ideas for the future works.

II. NOISE SUPRESSION IN DEPTH MAP

A. Depth map from Kinect device

Kinect is a composite device that works as depth, RGB, IR and audio sensors. As results, Kinect delivers 4

outputs: infra-red image, RGB image, Depth image and Audio signal. Instead of'.giving a trLfe value of depth, Kinect
gives an 11 bit-value in t’he range of [0, 2047]. The users should convert it to obtain the real distance from object to the

Kinect’s position.

B. Noise definition
ik e S e mwaned signal’. As defined in [2], Kinect sensor noise is the difference
between e Seazinied depth and the gr ound truth. In our work, we define a noise as follows:

} ‘ il is an array of 2D in.which each pixel has a depth value representing !h_e
israncg}:(e;;;lf f] tc}; ;’:J‘;.’erggx;oy&: 5;5?6& A pixel (x, y) is a’eﬁn'ed as noise gf it h.as no meaning valz.ce (i.e. D(r: y) I:S
Undetermined and generally set to a maximal value) allha'ugh its true pos:{ro; in the real world is located in the
Measurqable range of Kinect. Some people call such kind of pixels as missing pixels.

We can see that all pixels in ‘red color’ are not measured by Kinect. It is
use they are far from the Kinect device. However, lots of
d cabinet) are missing. It is favorable to recover mission

The Fig. 1 shows an example of noise.
= 0 understand that the background are not measurectj b:?c?o
%¢ls in the measurable range of Kinect (.8 chest board,

dept, ; :
pth Information of these pixels.
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C. Noise suppression

1. Framework of noise suppression . llows. If a point is locateq ;
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: i ighly stable during time and to |,
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o e sl s pnels afn spea n e messuale rnge of et B 20 0 103 n
but not all Thé Fig. 2 shows an analysis of stability of a noise point loc_ate al hange from a mir’limal toa i
map durin'o 240 cor;secutive frames. The depth values at this point continuously chang maximg)

in valid range of the depth measurements.

Our proposed method for noise supp

L

ignal s at pixel {251,102)

BlIRIE S
20 40 [1] [ 20 .
{a) Depthimage {b) A signal s with noise data (c) Reference RGB image

Figure 2. Analysis of stability of a noise pixel during time

We then propose to recover their true values based on learning the model of noise from a small set of
consecutive frames. The method is composed of three main steps (Fig,. 3):

1. Noise modeling: We build the model of noise based on the anal
of time.

2. Noise detection: We detect noise pixels based on their stabi]
3. Noise removal: We recover missing values of noise pixels d

ysis of stability of noise pointina duration

ities after step 1.

etected in the step 2.
In the following, we will detail each step of this method.

Noise modeling || Noise detection Noise removal DpencisedsG

Figure 3,

Different steps of noise removing in depth map
2. Noise modeling and detection

e gnal S and statistica] par

Observing a depth signal s at pixel (i, j) in the du

. . i Ul ,3
noise pixel usually makes the signal s(i j) besome unstat:?;l?[r'\ T allows evaluating stability of depth data. Imult!‘.cwwe
evaluate the standard derivation (std) ’

e 0 measure th i ixel (1))
: of s(i, j) in th : € the stability of each background pixe! "=
following: " e duration 7. A pixel at locatipn G, ) wil be defined 351
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Noise(i, j) = {1 if std(s(d, j)) > Threshold,
0 if std(s(i, j)) < Threshold,

[ hold is pre-determi _
‘ The Thresho pre-determined by heuristjc :

| a - .

Iy selected Threshold value. A stable s(i, ) alwayls chl::é:g& However, the empirical study shows that it is not

Sl;:e,ls detected in a background scene observed i Fig. 1 above with a low value of std. The Fig, 4 shows the noise

(@) (b

Figure 4. Noisc detection using the proposed noise model: (a) Depth map of a scene, (b) Noise detection results (white pixels are
detected noise).

3. Noise removal: Recover depth information for noise pixels

For each image, first all noise pixels will be detected as presented in the section C.2. Then for such noise pixels,
we generate new values of depth as following.

Given a noise pixel (i, j), we will collect all values from N considered frames s(i, j, ¢) (t = I:N) in the duration T
and cluster them into two clusters using K-means algorithm (K = 2). Due to the noise characteristics, the K-means
algorithm will produce two classes: one with low values and one with high values, henceforth we call low-band and
high-band respectively. Low-band contains values of pixcls that Kinect can measure in several frames. /High-band
contains unmeasurable values in the remaining frames. We recover values of pixels in the high-band by giving a
random value that is generated from the normal distribution with mean and standard deviation parameter of the /ow-

band.

100 200 300 400 500 600

(b) ()

n result, (c) Improved results after median filtering,

Figure 5. (a) Original depth map of a scene, (b) Noisc suppressio
ine result following this procedurc. We can sce that lots of nois¢ pixels have been
e here are still some noise pixels that could be processed by applying a

Its after a median filtering with kernel size of 3x3 pixels.

The Fig.5b presents recov :
%emoved (e.g. edges of chest board and cabinet). T

Median filter, The Fig. 5¢ shows the improved resu

In an incoming frame /, noise pixels are defined as following:
1 if Noise(i,j) =1 and I(i,j) = max value;

CurrentNoisc(i, j) = {0 otherwise ;
: Iso recovered as the same way of recovering values of pixels in
The values of noise pixels in current frame are a
the .y
gh-band of training sequence above.
i III, EVALUATION IN BACKGROUND SEGMENTATION
f B"C"gmund / foreground segmenlaﬁon

i i r

im We have scen the effectiveness of nilsfatsaqut

of rovement in all further processing On depth e
ackground segmentation for human detectio

ertainly, this method will give
the improvement in the context
d segmentation has

ession in several examples. C
his paper, we will demonstratc
Kinect sensor, The problem of backgroun
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fiven this, there is still a steong fimitasj,,,

been studied longtime ago and obtains much promiscd results on RGB data. roperty atracts ot of resssuh,

. . e oo ¢ { 1 { A T ‘iQ
when the lighting condition changes. Depth data is invariant to lighting change. T l

using the depth data. o
n method on the background subtraction et

W evaliate: i effectivanses.of el MBS TS g ¢ define background as stationary part of seep,

using depth channel that is introduced in our previous paper [7).W e o ure Model (GMM) 15 ohserve gy
Typically, we model each pixel as an independent statistical process. (JdliSS‘-ll‘l, roposed in (5], ‘This mode) il g,
cach pixel over a sequence of frames. It is estimated ncc‘ordmg to the pr()CL‘( ur ”I"" D the depth map in term ”"_m%:
used next to segment foreground from background. The Fig. 6 shows three Gaussians it

value, standard value and weight value.

The 2™ Gaussian The 1% Gaussian

)

o

m

2

2 100

"

U] 200 i

° |

2 300 :

2 400 |

b= |
200 400 €00 200 400 600 200 400 600 |

1

Mean Value Std. Value Weight Value ,

Figure 6. The mean, variance, and weight of three Gaussians Iearnt from depth data

The framework for background subtraction is described in Fig, 7. Fig. 8 illustrates different segmentation steps
based on depth map. ,

?

Depth map

(- N (T \
Neise Suppression

Noise Suppression

I }

Background Modelling ]é ﬂckgrm‘md
using GMM ubtraction

}

Post-proccssing
(morphological
operation)

\ Background Learning / »

Qackgmuml.S‘cgmcnra!ly

Figure 7. Main steps for hnckground seg

Background
Model

mentation
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Figure 8. Different steps of background segmentation: a
suppression on current depth map,

B. Dataset for evaluation

IR EREEEE

N

) RQB image, b) current depth map, ¢) background of depth, d) Noise
d) segmentation result, f) segmentation result zfier post-processing.

We evaluate the performance of background / foreground segmentation on 5 datasets: ColCam, GenSeq, ShSeg,
StereoSeq, MICAfall. The first four datasets are benchmark data of indoor sequences, used in [1]. The last one is the

Table 1. Description of datasets

No | Name of dataset Description Number of ground truth frames
1 | ColCam 360 frames, 30 fps, 640x480 45
2 | GenSeq 300 frames, 30 fps, 640x480 39 i
3 | ShSeq 250 frames, 30 fps, 640x480 25 )
' 4 | StereoSeq 297 frames, 30 fps, 640x480 33 ;
5 | MICAfall 330 frames, 30 fps, 640x480 20 ;

We evaluate the segmentation using binary Jacquard index, as described in [6]:

FGnGT

JI=feoer

where FG is foreground detection result, GT is ground truth.

C. Experimental results

To evaluate the effective )
cases: the first case does not apply noisc supp
Segmentation with and without using noise suppre
denoising, background segmentation has
Phase, the results has significantly

\

Dataset

Without noise

Background RGB

\*—-———-———-
Background Depth

S 3 e

anned by CamScanner

aloto

been improved.
Table 2. [llustration of results of s¢

gmentation on different sequences

dataset that we build ourselves for human fall detection application. Tzb. 1 describes information about the datasets.

ness of noise suppression proposed in the paper, we will evaluate the JI measure in two
ression while the second does it. Tab. 2 illustrates the results of
ssion on different sequences in the dataset. We could see that without
f over segmentation and also under segmentation. With denoising

ShSeg

-

o
gx
-
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MICA-FA
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Background Depth
with noise
suppression

Current Image
color

Current Image
depth

Results of
Segmentation
without denoising

Result of
segmentation with
denoising

Tab. 3 shows the comparison quantitatively when we evaluate the algorithm on a subset of data with ground
truth (see Tab.1 for more information about the number of frames having ground truth). V\{c sce that wnl!1 noise
suppression, the performance is increased in most of data. Only with ColCam dataset, the rcsult.ls dccrs:ascd a lltll'c bit, |
The reason is that the ground truth built for the first four datasets in [1] focuscs only on the object of interest whichis
not noisy in case of ColCam sequence so the noise suppression does not present the effectiveness in this case.

Table 3. Comparison of background scgmentation performance with and without noisc suppression

Dataset BG without noise suppression BG with noise suppression
ColCam 0.95 0.94
GenSeq 0.78 0.89
ShSeq 0.89 0.95
StercoSeq 0.54 0.72
MICA-FALL 0.01 0.64
Average 0.75 0.83
IV. CONCLUSION

This paper presents a method to model noise in depth map data from Kinect. This method is based on the'
analysis of stability of noise pixel during time. The method is very simple and fast, but shows its cffectiveness whett
we experimented on a benchmark dataset in a background segmentation application. In the future, we will study deepl o
the nature of noise coming from Kinect device in order to improve still the noise suppression quality. ;
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‘1;0‘;1 T/;:‘; ;:,:gbz,:r::;:, i?lcm(,)l‘Phtfmrg'Pha;p mm dé"gidi nhie:gt trén anh dg sdu thu thdp dugc tir cdm bién Kinect. M6
Finh nhiéu 170 X4Y' €L I khéne é. iec phan tich tinh 6n dinh cia cde diém anh theo thei gian. Cdc diém nhiéu s& dwpe phdt hign
néu nhu gid 1T Ljua";w a Knong on dinh mdc dit van nim frong khodng do dupc ciia Kinect. Cdc gid tri nay sé dwpc khéi phuc dya
frén cdc !Iu'mg tin vé mot 50 gid tri do dirgc trong mot s6 khung hinh. Phiromg phdp nay cho phép gidi nhiéu ddng ké wrén anh @9
séu. De CIIV”:Q minh hiéu qua e P’H{m?g Pluf’p giai nhiéu, chiing 16i da tién hanh thi nghi¢m trir nén cé va khéng cé s dung gidi
phidu trén mot CSDL da dang. Keét qua cho thay khi sir dung gidi nhiéu, hiéu nang ctia gidi thudt trir nén da tang tir 75% lén 83%.
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