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Abstract: In this work a framework based on histogram of
orientation of optical flow (HOOF) and local binary pattern from
three orthogonal planes (LBP_TOP) is proposed for recognizing
dynamic hand gestures. HOOF algorithm extracts local shape
and dynamic motion information of gestures from image
sequences and local descriptor LBP is extended to three
orthogonal planesto create an efficient motion descriptor. These
features are invariant to scale, trandation, illumination and
direction of motion. The performance of the new framework is
tested in two different ways. The first oneis by fusing the global
and local featuresas one descriptor and the other isusing features
Separately to train the multi class support vector machine.
Performance analysis shows that the proposed approach produces
better results for recognizing dynamic hand gestures when
compared with state of the art methods.
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. INTRODUCTION

The unique nature of human appearance, variety of apparels

and background clutter in video sequences makes detection of
human gestures next to impossible. To make human computer
interaction seamless as possible, a huge amount of research
and development efforts are going on [1, 2]. Hand gestures
are widely used as a natural human computer interface that
forcesthe researchersto work more on gesture characteristics,
its representations and detection techniques [3,4]. Still,
certain human movements are very characteristics, strictly
individual specific, so detector performance can potentially
be reformed by including motion information. Most of the
detector tool works by keeping the camera and background
static. Overall performance of the system is greatly enhanced
by this. The developmental challenge lies in its ability to
select aset of local and global parametersthat can analyze the
human motion effectively.

Recognition of hand gestures is based on the three
main stages i.e. hand segmentation, tracking and
identification. This paper proposes the framework of
combining two features; histogram of orientation of optical
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flow (HOOF) and local binary pattern from three orthogonal
planes (LBP_TOP) to develop the motion descriptor for
categorizing the various hand gestures. Multiclass support
vector machine classifier is utilized to recognize the hand
gestures using the multiple feature based motion descriptor.
Therest of the article is organized as follows. Related works
are detailed in Section 2. Section 3 deals with proposed
architecture. Section 4 dealswith the experimental results and
itsanalysis. Finally, conclusion and future scope are givenin
Section 5.

II. RELATEDWORKS

Hand gesture recognition involves the following stages;
pre-processing and hand segmentation, feature extraction, its
representation and recognition. Pre-processing techniques
like filtering and edge detection are done to reduce the noise
and the hand region is segmented from the image frames. This
segmented hand image is used to extract the feature vectors
that can represent the particular gesture. These discriminating
features are used to create the models. Classifiers are trained
with these feature models and then identify the new feature
models. Global and local approaches of extracting features
are used for representing hand gestures [5,6].

Globally, optical flow measures the displacement between
two consecutive frames. Optical flow refers to the study of
object motionsin foreground under static background. In[7],
histograms based on optical flow were utilized to match the
movement of a soccer player to that of object in a control
video. Different motion descriptors based on optical flow and
its variants which uses silhouette of a person are presented in
Tran et a [8]. Most of the methods focused on local
representation of features not on temporal dynamics
characteristics. In this work, Histogram of Oriented Optical
Flow (HOOF) agorithm is applied to extract the features
from hand gesture images. This global feature is invariant to
scale and direction of movement. One of the major attractions
of HOOF features is that it does not require any hand
detection and background elimination process.

Mostly, local approaches use spatiotemporal features for
representing motion in a video [9,10]. Niebles [9] proposed
an unsupervised learning technique for probability

distributions of spatial key points in human action videos.
Zhao et. a. [10] introduced dynamic texture based features
such as local binary pattern from three orthogonal planes
(LBP - TOP) and volumetric local binary pattern (VLBP) for
the recognition of facial expressions. But the number of
pattern of basic VLBP is increases as the number of
restricts

neighboring points increases, which the

usages in various applications.
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In this work, the dynamic textures are extracted using local
binary patterns from three orthogona planes. These
computationally simple features are spatiotemporal and are
invariant to different illuminations.

The main limitations in gesture recognition process are
tracking the hand in presence of noise, self-occlusions, and
recognition of gestures in changes of camera viewpoints,
variationsin pose and scale.

Inthiswork, aframework is created by fusing both HOOF
with LBP-TOP features. It extracts the appearance and
motion information to create an efficient feature descriptor. It
is proved that the combined or fused feature descriptor gives
better performance.

I11. PROPOSED SYSTEM OVERVIEW

This paper concentrates on developing an
architecture that effectively fuses global and local featuresto
build motion descriptor for recognizing the hand gestures.
Fig.1. shows the framework for hand gesture recognition.

Histogram of
oriented Optical
Flow (HOOF)

Feature
Integration

LBP-TOP

{ Gesture classification

Fig. 1. Proposed framework for hand gestur e recognition

A. Histogram of Oriented Optical Flow (HOOF)

Inspired by the developments and its success of histogram of
gradients and its variants of features in the object detection
group, we postul ate that the simple and efficient feature to use
in movement detection is optical flow. Unfortunately, the
pixel dynamics changes over time as well liable to
background variations like scale changes, noise and direction
to arrive a a conclusive data. To avoid these problems,
distribution flow of motion is set as the standard since the
motion of the hand under stationary background induces
similar characteristic profile. For example, a zoomed hand
gesture versus a normal gesture of a person, the optica flow
vector magnitude will be larger in the case of zoomed hand
gesture. Same is the case when the movement of hand is from
theleft to theright, asit will bereflected in the vertical axisto
that of the movement in the opposite direction. Thus the need
for a gesture profile based on optical flow at a given timeis
invariant to directionaity of movement and the scale. To
overcome such challenges, we have proposed the Histogram
of Oriented Optica Flow (HOOF) algorithm to extract
features from the images. Following procedure is used to
evaluate HOOF feature vector. Initialy, the optical flow is
calculated for every frame of the videos. According to the
primary angle from the horizontal direction every flow vector
is binned and given weight corresponding to the magnitude.
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Hence the flow vectors, ¥ = [x,y]7 with direction,

6 = mn—lg) in the range

T b—1 s
_E+HT£€{_E (0]

will contribute byVx2 4+ ¥ to the sum in bin b, I <b <N
out of total of N bins. Finally, the histogram is normalized to
sumupto 1.

Fig. 2. illustrates the generation of HOOF. Binning based on
the primary angle, the smallest signed angle between the
horizontal axis and the vector helps the histograms to be
independent of the (right or left) direction of movement. To
make the histogram description scale-invariant, the
normalization is done. The significance of each optical flow
vector to its corresponding bin is proportional to its
magnitude; hence the small noisy optical flow evaluations
have little effect on the obtained histogram. Assume a static
background, without an optical flow in the background or
there is no displacement in the pixels, magnitude-based
addition to each bin, can be utilized to calculate the optical
flow histogram on the whole image sequence rather than
pre-compute asegmentation of the dynamic hand gesture. The
number of bins N, is a prime parameter with at least 30 bins
per histogram, good recognition results can be achieved.
Since HOOF features/; = ['ﬁt;l-ht:Z- ...,ht:B] a each
timeinstant t are defined at each frame of the video, the actual
description is atime series of these histograms{/z¢ }1—g . The
objective is to perform classification of gestures by
comparing these time series. It will not compare the time
series directly, it is better to use the temporal evolution of a
local feature and integrate with HOOF so that  different
gestures can be distinguished.

b
+
N

) HOOF Feature
Optical flow vectors

Fig. 2. Formation of histogram with four bins N=4

B. Local Binary Pattern from Three Orthogonal Planes

Motion analysisrecent tools are descriptors based on
dynamic textures. Based on local binary patterns [10] two
spatiotemporal operators were presented for recognizing
dynamic textures; Local Binary Pattern histograms from
Three Orthogonal Planes (LBP-TOP): XY, XT and YT
planes and Volume Loca Binary Patterns (VLBP). These
features extract the appearance and motion information
together. These features are invariant to illumination and
trand ation variations.
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The LBP pattern is obtained for XY, XT and YT
planesand is represented as LBP — XY, LBP —XT and LBP—
YT. These three planes histogram is concatenated into a
single histogram. The process of LBP-TOP generation is
illustrated in Fig.3. Inthis, dynamictextureisencoded by the
LBP while the motion and shape in two planes of texture are
considered, incorporating spatial domain information and two
spatial temporal co-occurrence statistics together.

Every pixel in the three planes, a binary code is created by
comparing centre pixel with neighboring pixelsin a circular

neighborhood.
T
o Lo Mk
=) Al L )
A Concatenation of
XY

histogram

i1

| YT
Fig.3. Generation of local binary pattern from three
orthogonal planes

Sometimesin LBP-TOP, the radius of threeaxes X, Y and T,
and the number of neighboring pointsinthe XY, XTand YT
planes can aso be different, that is represented as Ry, Ry, R
and Pyy,Pxt,Pyt. Theresultant LBP-TOP feature is described
aSLBPPXY.PXT.PYT.RX.RY.RT'

The radius of three axes is same sometimes.
Likewise the number of neighboring pointsin XY, YT and
XT planesisalso same. Such senarios, we use LBP— TOPs g
for abbreviationwhereP=Pyy = Pyt =Pyrand R=Ry =Ry =
Ry. Let take an XxY XT dynamic texture (x.€ {0, ---, X — 1},
Y€ {0,-, Y — 1}, t€ {0,---,T-1}).

In evaluatingL B Pp,... pyr Pyp Ry Ry RpdiStribution

for the dynamic texture (DT), the central part is only taken
because of sufficiently large neighborhood cannot be utilized
on the borders in this 3D space. A histogram of a dynamic
texture can be described as
HI’._}' = Ex.y.tf{ﬁ'(x-.}r-t) = i} =0, =1
1L,2. (2
in which r;is the number of different labels produced by the
LBP operator inthejth plane (j =0: XY, 1: XTand 2: YT),
Fix, y, 1y denotes the LBP pattern of central pixel (x, y, t) inthe
j" plane, and

| {A} =1,if Alistrue;

01

©)
0,if Aisfase
When the dynamic texture is compared with the different
temporal and spatial components, to obtain a coherent
description the histograms must be normalized to:

N, - @

n;—1
k=0 Hk,j

The LBP-TOP can extract the dynamic texture features

effectively. The LBP from XY plane gives the information

about appearance and shape. LBP from XT and YT plane

gives the information about the horizontal and vertical

motion. The three different feature histograms are

J
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concatenated together to create a global descriptor,
LBP-TOP.
C. Combining HOOF with LBP-TOP
Theintegration of the two different feature descriptors of the
video sequence is,

feom = {fmotion{l] * fmotion{z]}
= (i L8P~ 1T, LBP -
XT.N; e LBP - 1)

(5)

where w; denote to the weights of the particular feature

vectors. If theweight is set to be one, then the integration of is
simply the concatenation of the different feature vectors.

D. Recognition of hand gestures

Having completed al stages above, the successfully
developed feature vector of different hand gestures are tested
in the classification stage. Here the classification job is
performed viaSVM classifier based radial basisfunction. was
created for entire training set. For analysis a ‘leave one group
out’ strategy is used.

IV. EXPERIMENTSAND EVALUATION

We have done al the experiments in standard i5 2.7GHz
computer with 8 GB RAM. The proposed architecture is
tested and analyzed with the selected database such as hand
gesture database for human computer interaction [4] and five
dynamic hand gestures from RWTHGerman finger spelling
database [11].

A. Database

The database consists of dynamic gestures of high quality
image sequences created using Senz3D sensor for human
computer interaction (HCI) [4]. These images are captured in
natural way with uneven background. The videos are created
based on the mouse functions such as left click, curser, right
click, mouse deactivation and mouse activation. The video
sequenceswere captured in realistic manner with non-uniform
background. Two sets of videos are created separately for
training and testing purpose. Each set contains five hand
gestures performed by various people. The sample frames of
different hand gestures from hand gesture database are shown
inFig. 4.

HCI
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RWTH German fingerspelling database [11] contains 1400
image sequences of 35 gestures showing the lettersfrom A to
Z, ‘SCH, 1 to 5 numbers and the German umlauts A, O, U. It
contain the five dynamic gestures of 700 image sequences.
These are captured at 25 frames per second of 320 x 240 pixel
resolution with webcam. The videos are taken under different
camera viewpoints and cluttered background.

The sample frames of different gesture are shown in Fig. 5.

W

Fig. 5. Samples of dynamic gesturesfrom RWTH
German finger spelling database

B. Evaluation and Comparison

In this section, we first estimate the performance of
individual features on hand gesture database. LBP_XT,
LBP_XY, LBP_YT features are separately obtained and
trained using SVM classifier with radial basis function (RBF)
kernel. HOOF features are extracted and trained separately
and obtained the result. Then the combined feature descriptor
Is trained and tested with the classifier. The complete
performance analysis of all the scenariosis shownin Fig. 7.
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Fig.7. Performance of the individual and combined
features on hand gesture database.
From the Fig. 7 we observed that LBP_YT has more
contribution on the performance of the systemie., the vertical
variations or movementsin vertical direction are important in
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the recognition process. HOOF feature alone got the accuracy
of 86.4%. When we combined these two features the
performance of the system increased.

Classification accuracy is used as a metric to
validate the performance of the system and it can be defined
as the number of all correct predictions divided by the total
number of gesturesin the dataset. Fig. 8 showsthe accuracy of
different hand gestures in hand gesture database tested on
proposed framework. The accuracy obtained for the
architecture is 0.952.

0.965
0.961

0.952 0.953

seq 1l

0.952

Total

0.948

seq 5

Accuracy

0.942

seq 2 seq 3 seq 4

Fig.8. Performance of various hand gesturesin hand
gesture database for HCI based on accuracy

Next the performance of the framework is compared with
the other state of the art methodsand isshownin Table 1. The
tempora information combined with local and globa data
produces volumetric spatiograms of local binary pattern
(VS-LBP) obtained an accuracy of 0.927 [4]. Al-Berry et al.,
2015 [17] introduced a combination of features that fuses
moments and directional wavelet Local Binary Pattern (LBP)
and result in an accuracy of 0.914. Inour earlier work [15], we
developed ahand gesture recognition based on an optical flow
and pyramid histogram of gradients (PHOG) and obtained an
accuracy of 0.946. We developed a SIFT flow based
framework and achieved an accuracy of 0.976 [16 ]. But it has
the limitation of using optimization technique. Our proposed
framework gives better results when compared with other
existing methods.

Table 1: Performance comparison of the proposed

framework with other methods using Hand gesture

database

soq 3 Mean

Method
cihod Accuracy

seq_1 seq 2 seq_4 seq S seq_6

VS-LBP
[Maqueda et
al..2015]

LBP+ Moments
[Al-Berry et al.,
2015]
PHOG_TOP+
Optical flow
[Suni et al., 2020]

Dense SIFT flow
based framework
[Suni et al., 2020]

Proposed
framework

The same set of experiments are repeated on RWTH
gesture database by Drenw [11]. The confusion matrix
produced for the five dynamic hand gestures (‘I°, <Z’, A, O
and U) on this database is shown in Table 2. The recognition
rate obtained is 90% for this database using the developed
framework.

0951 0962 0939 0931 0801 0959 0.927

0.942 0918 0937 0923 0851 0.923 0915

0.967 0.971 0.942 0.939  0.892 0.962 0.946

0.981 0978 0969 0976 0982 0.971 0.976

0.967 0971 0945 0953 0912 0.962 0.952
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Table 2. Confusion matrix obtained for five dynamic
gesturesin RMTH gesture Database

GESTU . - . RECOGNITION
J Z A S o
RE RATE(%0)
J 17 o] 1 2 o] B85S
=z (8] 17 1 0 2 85
A 8] 18 (8} 1 S0
(] 8] 1 1 18 (8] S0
U 8] 8] 1 1 18 S0

Table 2. Performance comparison of proposed
framework With other state of the art methods

Method Description Error
rate
Dreuw et al.. 2006 Thresholding + camshift tracking 35,79,
motion and contour shape features of
Abdalla. 2013 27.6%
hand
combination of Pyramid histogram of
Suni et al.. 2020 11%0
sradients and optical flow features
Proposed
HOOF+ LBP_TOP 10%

architecture

Table 2 demonstrates the performance comparison of the
introduced method with existing approaches on RMTH
German fingerspelling database in terms of error rate. Dreuw
et al., 2006 [11] created a hidden Markov model based on
appearance features to recognize the hand gestures and was
obtained an error rate of 35.7%. Abdalla, 2013 [18]achieved
an error rate 27.6% by using motion and contour shape
features of the hand. In our earlier work [15] using amultiple
feature based framework obtained an error rate of 11%. The
proposed framework achieved an error rate of 10%, which
better than other state of art methods.

V. CONCLUSION

A framework for dynamic hand gesture recognition has been
proposed by fusing the histogram of oriented optical flow
(HOOF) and loca binary pattern from three orthogonal
planes (LBP-TOP). The framework is proved to be good for
dynamic hand gesture recognition under different camera
viewpoint and cluttered background. Experimental analysis
showed that vertical movements of hand gestures play a vita
role in the performance of the system. The framework gives
the recognition rate of 95.2%. This approach is robust to
photometric variations, scale and direction of motion.
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