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Thesis Title Side-View based Human Action Recognition using Stereo Vision
Author Mr. Pongsatorn Chawalitsittikul
Major Program Computer Engineering

Academic Year 2012

ABSTRACT

This thesis is to research practical techniques by using image processing,
analysis, modeling human action recognition, which focuses on monitoring the unusual landmark,
and in patients with impaired seniors. Abnormal events can be of assistance quickly. The process
consists of creating a new human to human in a simple model with only three key elements of the
body is the head, torso and legs and then track the movement of each element independently of
one another. It has a depth of color and movement of objects to help in the image analysis. The
results of the investigation of the relationship and the difference in depth of the body, head, and
legs. This information will be used in the recognition stance underlying all five postures such as
standing, walking, sitting, bending and lying to the recognition of the neuron network and SVM
(Support Vector Machine) for training. Features and testing the accuracy of human action
recognition for samples were 800 data signal 200 for which the recognition, gesture based for
accuracy by the 96.5% and the attitude underlying these combinations can be used to describe
human activities are complex. The system can run in real-time effectively and robust to the

change to a certain extent without causing much error analysis.
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2.2.2 Histogram Back-Projection
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2.2.3 Mass Centre Calculation
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2.5 Morphological
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ABSTRACT

The recognition of human actions is an important step
for human behaviour understanding via video processing.
In this paper, we propose an accurate method of model-
based action recognition using color and depth
information. The parametric model of human is extracted
from image sequences using mixture of motion, color and
depth information. Extracted model features are then
classified into five basic actions using artificial neural
network. The experimentation result shows that our
method gives high recognition rate more than 90%.

KEY WORDS
Action recognition, Human modeling, Multi-views, RGB-

D image, Video surveillance

1. Introduction

In the near future, the automatic video processing for
human behaviour recognition will play the important role
in many applications, such as, the unusual situation
detection, elderly people monitoring, activities analysis in
factory, and etc. In our research, we assume that the
complex behaviour is the composition of the atomic
actions: standing, walking, sitting, blending, and laying.
Thus, the specific order of these actions can construct the
complex behaviour. If the actions can be correctly
recognized, the behaviour can then be better modeled.

In this paper, we propose a method for human action
recognition from side view using motion, color image,
and depth information. Recently, many researches
proposed various solutions that can be divided into two
main approaches [1]: parametric object modeling, and
implicit object modeling. Hierarchically, the parametric
model [2] [3] would study either internal model or
trajectory model. For the implicit model [4][5], it
concerns for both 2D and 3D image template analysis. For
parametric model, N.Noorit [2] proposed a simple human
structure consisting head, body and leg, together with
motion detection and cam-shift color tracking for
classifying the five basic actions. C.Wu [3] uses the
trajectory model for recognizing activities in a home

environment. Multiple cameras are needed to cover the
whole observation area. They focus on spatiotemporal
features with three different fusion methods. In the
implicit modeling, N.Gkalelis [4] proposed a method for
view independent human movement representation and
recognition. The binary masks of multi-view posture
image are vectorized and concatenated, and then using
circular shift invariance for view correspondence. Fuzzy
vector quantization and linear discriminant analysis are
used for classification. D.Chen [5] proposed the 3D
human pose utilizing a modified five-point skeleton
model. In this paper, we describe our proposed technique
in section 2, then the experimentation result and
conclusion is presented in section 3 and 4 respectively.

2. Proposed method

In this section, we describe how to determine the
parametric model of human. We attempt to reconstruct the
3D human pose from 2D human pose using motion, color,
and depth information. The 3D parameters of our
reconstructed human model are then used for recognizing
actions by using neural network. The specific methods on
each stage, such as, camera calibration, motion detection
and tracking, skeleton algorithm, feature extraction, and
action recognition are introduced. The figure 1 shows the
overview of our method.

2.1 Moving object tracking

We found that in the depth image the moving object
can be identified easier than moving object in the color
image. Motion detection using color images is sensible to
the sudden changing of light, and is inacceptable
especially when the color of object is the same with
background that cause catastrophic errors. In our case, we
then firstly separate moving object from background by
using depth image applying background subtraction
technique. Since light and color don’t affect to depth
information, objects obtained from the process is then quit
robust and more accurate than using color images.
However, we find the small noises that can be removed by
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morphological opening and closing filters. The filtered
moving object as region of interest (ROI) is then tracked.
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Figurel. Our proposed system

2.2Mixture of Color and Depth

Moving object with depth image gives a robust object.
However, in order to track object in the time sequence, or
to reconstruct the human body with many parts, we found
that using only depth information for these tasks is quit
sensible comparing to color information that represents
the texture of objects, note that depth information is a
gray scale image. To improve our human model, we then
mix the color and depth of object, try to take the
advantage of color to the moving object obtained by depth
image. Notice that in the Kinect the depth and color
camera are parallel. In theory, only translation matrix can
transform the color image to overlay with depth image.
However, in practice this is not applicable. Additionally,
we need the use the calibration matrix obtained from

classical calibration method. It consists of two matrices:
rotation and translation:

Rotation Matrix
[9.9977321644139494¢-01,1.7292658422779497¢-03,-2.122558 1878346968 e-02;
-2.0032487074002391¢-03, 9.9991486643051353: 1.2893676196675344¢-02;
2.1201478274968936e-02,1.2933272242365573e-02,9.9969156632836553¢-01]

Translation Matrix
[2.1354778990792557e-02,2.5073334719943473¢-03,-1.2922411623995907¢-02]

Then, the depth image was superimposed with color
image which is transformed by calibration matrices
(rotation and translation matrix). We construct a specific
object space as mixture of color and depth information,
called “color-depth object”, depicted in figure 2. This
object Opcan be described by the following equation.

Opc = E(0p) U N (0, —E(0p))) (1)

Where Op is an interested object in depth image, I is the
color image, and E is an erosion operator. This
representation gives us the advantages for human
modeling and tracking in real time.

Figure2.A mixture of color and depth object: left is I,
and right is Op,.

2.3Adaptive Human modeling

In this stage, we build the human model for the future
recognition stage. The color-depth object obtained from
the last stage will be divided into three parts of human
structure (corresponding to three color regions of interest)
referred to the center of mass, such as, head, body and
legs, where the body is the central of human structure.
Then, the vectors representing the relative links between
body-head and body-leg are established. In order to obtain
robust vectors, the skeleton algorithm is applied by three
steps. Firstly, finding vectors defining the radius of the
color-depth object, where the origin is fixed at the center
of mass.

Iox Zow
N N

(2)

5y =



Secondly, all vectors are separated into four quadrants,
and select the vectors Ay (X,Y,8,D,C) with maximum
magnitude in each quadrant.

Ap={Ali=1..4} 3)

Figure3.0ur human model: blue and purple lines show the
fused vectors.

The last step, color of the maximum vector is
determined by color of region at the end of that vector.
We introduce the color property to vector in order to
increase the accuracy of object (vectors) tracking, as
shown in figure 3. From skeleton algorithm, we have four
maximum vectors, in order to simplify our human model
but having enough parameters for defining the basic
actions in our recognition system, we found that these can
be reduced to only two vectors, representing head and leg.
The vector fusion is done by using its properties
(magnitudes DV! and colors Dq).

D, = I(A,ﬁ —D24 @y, -PP li=1.4 @)
D, = ’(Ar‘ —Cr)? |[i=1..4 (5)

The intermediate weights wy, and ware determined
for the further vector fusion, which is described by
fuzzilization of vector ratio as the following.
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Then, the learning weights w; and w, are established
for objectively updating vector proportion by a learning

1.4 (©)

It
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(7

rate a,.

W = @, + (1-a,)o, (8)
w,=1- (9)

Finally, the vectors are fused for both magnitude (eq.
10) and color (eq.11), where a, is learning rate of color
update.

P(x,y) = 0P (A,,, Ay, ) + w, Py (Ay,, A,,)(10)
Cryq = aCr — (1—a)(w G + w,C)(11)

Where P(x,y) is 3D point at the end of vector and

€41 18 color of vector at time t+1. Figure 3 shows
human model representing by our method.

2.4Human Features

The parameters of model are considered as internal
parameters representing the characteristic of human
structure, which describes by the directions [}, 6,] and
distances [Dy, D;] between the object to the camera from
body component to the head and legs components
respectively in figure 4.

R= [(P,f + A5 (12).

[0, 8)] = cos™1(2%) (13).

[Dn, Dy] = (d(h,z) = dc)z (14).

Figured.Feature extraction result is [, 8] and [Dy, D;]
for action recognition.
The feature vector that will be used for action
recognition is defined as [8}, 8, Dy, D;].

2.5. Action Recognition

The multilayer perception of neural network is applied
for action recognition. The network is trained by back-
propagation algorithm with one hidden layer and sigmoid
is used as activate function.We consider various nodes in
hidden layer in order to find the best recognition rate. In
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the case of using neural network, fixing the number of
nodes of input and output layer is necessary. In our case, 4
nodes of input layer is used because of directions [8},6,]
(the angle ratio between head and legs with respect to the
body) and distance Dy, D, (the distance of depth data
between head and leg with respect body). We use four
actions for output layer has 4 nodes

3. Experimental Result

Our system is implemented using OpenCV and Kinect
library. The experimentation is performed using the
datasets established under indoor environment, no change
of light condition with the following test. Four persons
with different clothes act randomly and continuously with
respect to testing actions: 100 standing, 100 sitting, 100
bending, and 100 laying actions. Testing system is run on
Intel processor Dual Core, 2.4 Ghz, 1 GB memory. The
video sequence using Microsoft Kinect Camera is
analyzed with image resolutions 640x480 pixels at 15 fps
for both color and depth images. Around 1,600 features
are extracted using 70% for training, 15% for validation
and 15% for testing. Table 1 shows the result of
recognition rate while varying the number of hidden
nodes. We can notice that at 20 nodes the system gives an
optimal result at 95.8%.

Tablel. Neural network with difference hidden nodes

Nodes Recognition rate (average)
Training | Validation | Testing Total
10 95.0% 95.0% 96.7% 95.2%
20 95.0% 98.3% 96.7% 95.8%
40 94.6% 93.3% 95.0% 94.5%
60 95.7% 93.3% 93.3% 95.0%
80 93.9% 96.7% 98.3% 95.0%

Then, we use neural network with 20 nodes for
evaluating our action recognition system, classified into 4
basic actions, such as,standing &walking, bending, sitting
and laying. From the table 2, we found that our system
performs a good result up to 98.0% for laying and
standing/walking actions. Sitting and bending actions get
less accurate result at 93.0% and 94.1% respectively due
to its ambiguities between these two actions.

Table2. Correction rate of our recognition system.

Actions Our N.Noorit Chi-Hung[12]
method [2] (0°, —45°%,45%)
Standing | 98.0% | 99.41 % -
Walking | 98.0% 80.65 % 92.4%,89.54%,88.89%
Bending | 94.1% | 94.35% | 95.4%,90.38%. 89.02%
Sitting 93.0% 89.26 % | 97.6%, 91.38%, 90.41%
Laying | 98.0% 100 % =

We compare the performance of our method to the
methods of N.Noorit, and Chi-Hung, the result is shown
in the table2. N.Noorit [2] can classify the human basic
actions based on color image analysis for the five basic
actions. We can notice that our method can perform better
for walking and sitting, and a little bit lower for laying
and standing. The result is quite reasonable because the
depth information doesn’t distinguish much to standing
and laying actions from the profiled view of human
structure. And, using only color image cannot well define
the body structure with respect to different camera’s
angles.

For the comparison with Chi-Hung method, only
walking, sitting, and bending are tested. We found that
our method can perform totally better in the walking
action and better in some angles for bending and sitting.
We notice that Chi-Hung method gives better accuracy for
the0® degree, and reduce at —45° and 45° degrees.

In summary, our method able to solve problems and
improve the accuracy of action recognition by using
“Mixture of Color and Depth™, since light and color don’t
affect to depth information, objects obtained from the
process is then quit robust and more accurate than using
color images, and can analyze both the front and side
view, with 95.8% accuracy. Moreover, our method can
run in real time at 22 fps.

Conclusion

In this paper, we have presented an efficient technique
for recognizing human actions using color and depth
information from the side view of human. The human
parametric model is introduced, its features can
discriminate four basic actions via neural network. The
system gives encourage recognition rate at 95.8% in
average.
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