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Abstract. Recognizing human activities is an important component of a
context aware system. In this paper, we propose a classification based human
activity recognition approach. This approach recognizes different human
activities based on a local shape feature descriptor and pattern classifier. We
have used a novel local shape feature descriptor which is integration of central
moments and local binary patterns. Classifier used is flexible binary support
vector machine. Experimental evaluations have been performed on standard
Weizmann activity video dataset. Six different activities have been considered
for evaluation of the proposed method. Two activities have been selected at a
time with binary classifier. These are walk-run, bend-jump, and jack-skip pairs.
Experimental results and comparisons with other methods, demonstrate that the
proposed method performs well and it is capable of recognizing six different
human activities in videos.
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1 Introduction

Successful recognition of human activities enables a wide range of applications.
Context aware human activity recognition generally refers to the determination of a
human user’s activity using camera and other contextual information that is readily
available and accessible [1, 2]. The availability and accessibility of this real time
contextual information creates new aspects of human activity recognition, as evi-
denced by Opportunity Activity Recognition Challenge [3] and Nokia Mobile Data
Challenge [4]. Recognition of human activities is the final and major step of a
complete human behavior analysis system and follows moving object segmentation
[51, object recognition [6] and object tracking [7]. Activity recognition is important for
many potential applications such as visual surveillance, biomechanical applications,
human-computer interaction, clinical purposes and sports analysis, etc.

Generally, human activities can be categorized into four classes [8]. They are
(i) human actions: that involve single human, (ii) human-human interactions: that
involve two humans, (iii) human-object interactions: that involve human and object,
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and (iv) group activities: that involve multiple humans. But this is a difficult problem
due to several challenges. Robustness against environment variations, robustness
against actor’s movement variations, robustness against various activities and insuf-
ficient amount of training videos are few of them [8].

While a number of activity recognition approaches have been explored to deal
with above challenges, the proposed method takes advantage of holistic features based
local descriptors and pattern classifier. In this paper, we have discussed a simple and
effective unimodal approach of human activity recognition. The motivation is that the
holistic features based local descriptors emphasize different aspects of activities and
are suitable for different types of activity datasets. We have extracted a novel feature
descriptor which is integration of moment features upon local binary features. This
feature has further been classified using kernel based support vector machine classi-
fier. While sequential classifiers, e.g. HMM [9], are common for learning from
sequences, in this paper, we focus on developing a technique that enable using
standard non-sequential learning technique for accurate activity recognition. This is
motivated by the fact [10] that the non-sequential techniques, such as support vector
machine, have good competitiveness and scalability on large-dimensional and con-
tinuous-valued activity data. Our experiments are conducted on real-world, publicly
available Weizmann activity recognition video dataset [11] and we have considered
six common activities and two at a time that are walk-run, bend-jump, and jack-skip
pairs. There are several available activity datasets, among which the Weizmann
dataset has been widely used to evaluate activity recognition approaches and many
results have been reported on it.

The rest of the paper is organized as follows. Section 2 briefly explains the related
work in this area, Sect. 3 describes fundamentals of the proposed feature descriptor
based method, Sect. 4 explains the proposed method, Sect. 5 elaborates the experi-
mental results and finally Sect. 6 is the conclusion of this paper.

2 Related Work

The main idea of this paper is to use holistic features based local descriptors for
classification to perform human activity recognition. Therefore, we review repre-
sentative papers on these features.

Several features based activity recognition techniques have been developed so far.
Variants of SIFT feature, for example SIFT Flow [12] and three dimensional SIFT
descriptor [13] have been successfully used for this purpose. The work done in the
field of features based activity recognition can be categorized into region based and
boundary based approaches. Fourier descriptor [14] is a popular boundary based
feature descriptor used in literature. However, region based approaches retrieve
information from boundary as well as from internal pixels. Therefore, they are pre-
ferred for general shape representation over boundary based approaches. Central
moment [15] is another example of region based feature descriptors which has been
used in recognition. Moment invariants [16] are well known region based features
used for translation, rotation and scale invariant recognition. Flusser and Suk [17]
proposed a blur and affine invariant approach for use in pattern recognition



Towards Classification Based Human Activity Recognition 211

applications, e.g. activity recognition. Zernike moments [18] are rotation invariant and
Legendre moments [19] are translation and scale invariant techniques for recognition.

Recognition in real scenes is a tough task due to variation in clothes, illumination
conditions and poses. Dalal and Triggs [20] presented a method based on Histogram
of Oriented Gradients (HOG) for handling these problems. This approach combines
histogram of oriented gradients (HOG) and linear support vector machine (SVM) and
provides better results. The HOG descriptors were computed and concatenated over
detection window of size 16 x 16 pixels blocks. However, since the detection win-
dow slides over entire image, therefore this method is computationally expensive.
Method to speed up this algorithm has been proposed in [21]. The variants of HOG
include circular HOG [22] and hybrid HOG [23].

In recent years, interest is increasing to obtain local patterns of an image for better
recognition. Local binary patterns (LBP) with adaptive threshold have provided
excellent results for different vision applications [24]. In comparison to the gradient
based features like HOG, LBP is more accurate, sparse and provides simple calcu-
lation. Moreover, LBP features can work in local color configuration and provide
illumination invariant recognition. Motivated by the success of LBP features, [25]
presented several variants of the original local binary pattern (LBP). To explore the
discriminative ability of LBP, a window based descriptor has been proposed [26] for
robust multi viewpoint recognition in different pose and under realistic environment.
Center symmetric LBP in wavelet domain [27] has been computed for rapid recog-
nition. An improved and hybrid strategy of HOG and LBP was presented in [28] for
efficient and accurate recognition in real scenes.

Hence, it is clear that feature descriptors play a vital role in classification based
activity recognition can be effectively used for accurate recognition of human
activities.

3 Preliminaries

The purpose of this section is to provide a brief description of the Local Binary
Patterns (LBP) and Central Moments (moments) used in the proposed work and to
show their effectiveness towards human activity recognition.

3.1 Local Binary Patterns (LBP)

For computation of LBP, let us take an image f{x, y) and g. represent gray value of a
pixel at location (x, y), i.e. g. = f (x, y.). Also, let g, represent gray level of any
sample point in an equispaced circular neighborhood where P is the number of sample
points within radius R. Then the general local binary pattern operator LBPp » can be
obtained as follows

v
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where s(u) is defined as

3.2 Central Moments (Moments)

The geometric moment m1,, of order p + g of an object in an image f (x, y) can be
defined as follows

M—1N-1
Xyif(x,y) (3)
x=0 y=0
In case of central moments

M—1N—-1
tpy = (x = x)" (y = e)f (x,5) (4)

x=0 y=0
where x, = "0 and Ve = Mot (5)
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4 The Proposed Method

The steps of the proposed method are explained in this section.

Step 1: Read frames of a video sequence.

Step 2: Scale resize each frame.

Step 3: Convert it from RGB to gray level color space.
Step 4: Compute LBP according to following equation

p-l L,u>0
LBPp g(x,y) Zs Pos(u) = 0.4<0 (6)

where (x., y.) is the location of center pixel in the region R, g. is the gray
value of center pixel, g, is the gray value of the neighborhood pixels and
P can take values from O to N — /. Here N = 8.
Step 5: Compute moment-LBP according to following equation
M—1N-1

MLBPp g(x,y) ZZ x —x.)"(y = ye)'LBPp g(x,) (7)

c=!

where u + v = 2.

Step 6: Classify moment-LBP features. We have computed these features in each and
every frame of activity video sequence. The classification has been performed
using ‘rbf” kernel based binary SVM classifier. This is a two class classifier
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Recognized Activity. Walking Recognized Activity: Walking  Recognized Activity: Walking
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Fig. 1. Results of the proposed method for activities (a) Walk (b) Run (c) Bend (d) Jump
(e) Jack and (f) Skip
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Recognized Activity: Bending  Recognized Activity: Bending  Recognized Activity: Bending
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Fig. 1. (continued)
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Recognized Activity: Jack Recognized Activity: Jack Recognized Activity: Jack

Recognized Activity: Jack Recognized Activity: Jack
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Recognized

Activity: Jack

(e)
Recognized Activity: Skip Recognized Activity: Jack Recognized Activity: Skip

-

Recognized Actwity: Skip Recognized Activity: Skip Recognized Activity. Skip

U]

Fig. 1. (continued)

and efficiently classifies features for two activities at a time. Pair of activities
have been selected for this purpose. These pairs are walk-run, bend-jump and
jack-skip. First, we have selected walk-run pair of activities. Features for
these activities have been computed separately. Now these features have been
classified with binary SVM classifier which is an established classifier for this
purpose. Other pair of activities which we have taken are bend-jump and jack-
skip from Weizmann dataset.
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Table 1. Average accuracy of different methods for activities
walk-run pair

Method Average accuracy (%)
Moment [15] 50.0
LBP [24] 50.0
CSLBP [27] 51.9
HOG [20] 50.0
Proposed 72.6

Table 2. Average accuracy of different methods for activities
bend-jump pair

Method Average accuracy (%)
Moment [15] 48.7
LBP [24] 49.1
CSLBP [27] 435
HOG [20] 49.1
Proposed 56.8

Table 3. Average accuracy of different methods for activities
jack-skip pair

Method Average accuracy (%)
Moment [15] 48.9
LBP [24] 49.5
CSLBP [27] 74.1
HOG [20] 49.5
Proposed 713

5 Experimental Results

In this section, we have performed experimental evaluations of the proposed method.
The proposed method has been performed over Weizmann activity dataset and we
have considered 6 different activities, two at a time, that are walk-run, bend-jump, and
jack-skip pair. Also, the proposed method has been compared with Moment [15],
Local Binary Patterns (LBP) [24], Central Symmetric Local Binary Patterns (CSLBP)
[27] and Histogram of Oriented Gradients (HOG) [20] feature descriptor based
methods. Figure 1 visually shows results of the proposed method for few represen-
tative frames.

From Fig. 1, it is observed that the proposed method recognizes different pair of
activities accurately. These activities are walk-run, bend-jump and jack-skip. The
recognition results of the proposed method for these activities are shown in Fig. 1(a—f).
We have compared advantages and disadvantages of the proposed method with a
selected number of other methods like moment [15], LBP [24], CSLBP [27] and HOG
[20] based methods in terms of average accuracy, shown in Tables 1, 2, and 3.
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On observing Tables 1, 2 and 3, it is clear that the average accuracy rate of the
proposed method is the highest when compared to Moment [15], LBP [24], CSLBP
[27] and HOG [20] based methods. Therefore, it is said that that the performance of
the proposed method is better than other methods.

6 Conclusions

In this paper, we have discussed and demonstrated a classification based approach for
human activity recognition. We have used novel integrated moment-local binary
patterns feature descriptor and binary support vector machine (SVM) classifier. The
experiments have been performed over Weizmann activity video dataset. Six activities
have been considered for experimental evaluations. Among these six activities, pairs
of two activities have been taken at a time for classification with binary SVM clas-
sifier. These are walk-run, bend-jump, and jack-skip pairs of activities. Performance of
the proposed method has been demonstrated qualitatively and quantitatively. Quan-
titative results show that the proposed method outperforms other Moment [15], Local
Binary Patterns [24], Center Symmetric Local Binary Patterns [27] and Histogram of
Oriented Gradients [20] based methods.
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