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Abstract. Gesture recognition is one of the key aspects of robot com-
munication systems. There are many image recognition techniques that
are being developed to use in many different intelligent systems. In the
paper, we perform the image processing techniques that include artifi-
cial intelligence technologies and deep learning in gesture recognition to
apply for smart-home systems. We propose the gesture recognition model
including the histogram of oriented gradient (HOG) and support vector
machine (SVM) detection algorithms combining the kernel correlation fil-
ter (KCF) algorithm for tracking objects and a multi-layer convolution
neural network (CNN) for classifications. The results show that the pro-
posal algorithm is applicable for real environments with accuracy up to
99% per 6 seconds.
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1 Introduction

With the development of automation applications, human-computer interaction
(HMI) systems gradually become important and significant. HMI with smart-
home control system is one of the core issues to create accuracy that is conve-
nience and friendliness with civilian applications in the direction of getting closer
to communication nature. Instead of living control, using voice controls or via
gestures is developing.

Using gestures in HCI systems is an effective idea that helps people com-
municate in the real world. Gesture is the act of one or more combinations of
different body parts that imply information. Hand gestures are commonly used
body language comparing to other parts because of their flexibility. The various
shapes and postures of hand bring a large amount of information to communicate
in real environments.
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Therefore, we focus on new technologies in smart-home control using ges-
ture language with limited hardware cost and quality in the paper. The goal of
paper is to propose a gesture recognition algorithm using histogram of oriented
gradient (HOG) and support vector machine (SVM) that is able to detect while
minimizing noise and processing speed and reducing errors. Our static gestures
are selected as on, off, up, and down. The dynamic gestures are as follows:

e Toggle state switching is hand from spread state upwards to re-grip state,
e Up order is hand from outstretched state up to left,
e Down order is hand from outstretched state up to right.

The rest of the paper includes five parts and is organized as follows. Section 2
presents several related works. Section 3 presents the proposal algorithm. Section
4 will evaluate the proposal model and analyze the results. In final section, we
give conclusions and future research directions.

2 Related Work

The motion recognition problem can be solved by combining basic image process-
ing, namely object detection, recognition, and tracking. There are many image
processing algorithms that have been developed for detection and recognition.
We divide into main groups, namely advanced machine learning and deep learn-
ing techniques.

Machine learning (ML) techniques are general terms commonly using with
basic feature extraction methods from original data and then combining such as
SVM, decision tree, nearest-neighbor to train identity models. There are several
extraction techniques as follows

1. Viola — Jones’s target detection technique [13] is the technique in real-time
target detection based on Haar feature extraction. The technique is used in
face detection.

2. Scale-invariant feature transform (SIFT) [10]: The special feature of SIFT
is scale-invariant that will give stable results with different aspect ratios of
image. Besides, it can be said that this algorithm is rotation-invariant to
ensure the result with different rotation of object.

3. HOG [9] is calculated on a dense grid of cells and normalized the contrast
among blocks to improve accuracy. It is used to describe the shape and
appearance of objects.

Advanced deep learning techniques use multi-layered convolutional neural
networks (CNNs) for training on labeled datasets. Several deep learning tech-
niques are applied for object detection and recognition as follows:

1. Region proposals (R-CNN, Fast R-CNN, Faster R-CNN, cascade R-CNN) [8]:
The method proposes areas capable of containing the object and performs
identification to save computational capacity.
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2. Single shot multibox detector (SSD) [3] such as YOLO, Refinedet: The main
idea of SSD comes from using bounding boxes by pre-initializing boxes at
each location on image. The SSD will compute and evaluate information at
each location to see if there are any objects. If there are any objects, it
will determine which one it is. Based on the results, SSD will compute an
amalgamation box covering the object.

Since the detection and recognition algorithms require a large amount of
computation and the accuracy is not able to reach 100%, the object tracking
techniques for gesture recognition are also widely applied to ensure the contin-
uous real-time recording of location and to avoid interference in multi-subject
environments. There are many tracking algorithms for image processing such
as BOOSTING [2], MIL, KCF [5], TLD, MEDIANFLOW [6], GOTURN [14],
MOSSE [1], CSRT [7,12]. Therefore, we are able to select the suitable algorithm.

3 Proposal Algorithm

The proposal solution for motion detection is developed and performed based on
three main problems, namely hand detection, grip, and position. In the paper,
we propose the gesture recognition algorithm using HOG and SVM based on our
previous results [11] as shown in Fig. 1.

Details of the steps are as follows:

1. Pre-processing is an essential step in reducing noise and increasing relia-
bility for computation. In the paper, processing steps include in resizing and
synchronizing images, balancing histogram to reduce the light effect, elimi-
nating noise by median filter.

2. Hand region detection is performed based on the HOG characteristic
extraction [4] combining with SVM classifier. The HOG characteristics are
the shape of object characterizing by the distribution of intensity and direc-
tion of pixel value (a gradient vector). The gradient vector represents the
change of luminance pixel when it is in the corner and edge areas of object.
Therefore, the HOG feature is an effective choice for hand posture.

The HOG method is to use information about the distribution of intensity
gradients or edge directions to describe local objects of image. Its operators
are implemented by dividing an image into sub regions calling cells. We com-
pute histograms for points within cell. Combining them together, we get a
representation of original image. To enhance recognition performance, local
histograms is able to be normalized by calculating an intensity threshold in
area larger than the cell (blocks) and using them to normalize. The result
is a feature vector that is more invariant to changes in lighting conditions.
Details of the steps for extracting the HOG features are as shown in Fig. 2.
To detect hands, the next step is to use SVM algorithm for classification
or regression problems. We use the pyramid method and sliding window to
address the areas of image obtaining at different scales. Finally, the results
are processed by the non-maximum suppression (NMS) algorithm to elimi-
nate unreliable or overlapping area.
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Fig. 1. Diagram of the proposal system.
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Fig. 2. Details of steps of HOG.
Input frame
Pre-processing
Fig. 3. Details of proposal algorithm.
3. Tracking object uses KCF technique. KCF method includes the following

steps:
— Determination of grip area: can be the initial user-defined area or an area
detecting by the previous frame,
— Description of features: defines the characteristics of image area,
— Regression training: The detecting ROI features will be added to form a
dataset including past and present features for training model,
— The results after regression training is a new model. The model is the
basis for the next step.
Object classification is one of the typical problems of image processing
that has achieved many achievements by applying deep learning techniques
to multi-layered CNN. We select a CNN model including 2-dimensional con-
volution layers (Conv2D) with sizes 32, 64, 128 (pyramid structure), Relu
activation function, and 3 layers of MaxPooling2D, respectively. With a flat-
ten layer, the output is a dense layer of size 128 and 4. The model output is
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Fig. 4. Image results of adaptive histogram balancing process.

a list of expectations where each of them represents a classification. In the
paper, we classify four postures for the four classifier outputs. Subject is clas-
sified based on ROI of image.

After detecting and recognizing the starting of gesture, subsequent frames
will be continuously updated. The human hand will be categorized to find
out what kind of ending or exiting gesture when the grip is lost.

As a result, we are able to implement each part of algorithm. The final step
is to incorporate the algorithms into real-time frames from computer camera.
Combining the algorithms increases the processing time since the program will
not perform continuous object detection. We only perform at three frames to
detect for one times. Details of the proposed algorithm are shown in Fig. 3.

4 Simulation and Results

4.1 Setup

Our program is built by Python on Jupyter Notebook platform. We use the
OpenCV and Dlib libraries. The simulation is performed on a personal computer
with a Core i5 4310 CPU configuration at 2 GHz without using GPU.

4.2 Training Result

Firstly, the images are pre-processed to increase reliability and accuracy as shown
in Fig. 4.

The training samples will be performed on real time for smart indoor appli-
cation. In the paper, the training sample is captured from the user of actual
image.



320 P. Nguyen Huu et al.

Fig. 5. Results of samples using target detection.

The dataset with hand position is selected for training. Results are shown in
Fig. 5.

For categorization of training dataset, we use 1000 images for one time. These
images are only ROI regions containing the target without other details. Results
are shown in Fig. 6.
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Fig. 6. Results of images for the training dataset.

4.3 Detection Results

Besides, we perform to evaluate for detection results by HOG and SVM using
images with many different backgrounds. The results are shown in Tables 1, 2,
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Fig. 7. Result of detecting hand error.

Table 1. Result of training model.

Posture Number of Number of | Number of Identification | Accuracy
samples incorrect unrecognized |time (Sec-
identification |samples onds/images)
Posture 1000 5 85 0.063471447 |91.00%
spread your
arms up
Table 2. Result of detection model for static gesture.
Posture Number of Number of | Number of Identification | Accuracy
samples incorrect unrecognized |time (Sec-
identification |samples onds/images)
Holding 1000 2 2 0.069411886 |99.60%
hands
Posture 1000 0 5 0.072152341 |99.50%
spread your
arms up
Posture 1000 8 3 0.066520801 |98.90%
spread your
arms left
Posture 1000 7 0 0.067326031 |99.30%

spread your

arms right
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and 3. When the background is constantly changing, the algorithm will fail.
Results shown in Fig. 7.

According to CNN model above, the classifier output will be a 4-element
sequence where each element represents a label. The elements have a value from
0 to 1. When the representative value of label is close to 1, the result of classifier
will be more likely to be that label. We choose a limit of 0.85 that means the
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Table 3. Result of detection model for dynamic gesture.

Posture Number of | Number of Number of Accuracy
test incorrect unrecognized
identification |samples
Switch state |30 0 2 93.33%
(on/off)
Increasing 30 1 3 86.67%
Reducing 30 2 90%

label will be selected when the corresponding value is the largest and greater
than 0.85. If there is no label with a corresponding value greater than 0.85,
the result is counted as unrecognizable. In case, the result is counted as false
identification.

We found that due to the limitations of experimental gesture samples, the
effective proposal has not been completely evaluated. However, it is possible to
evaluate through the accuracy of hand position detection steps and recognition
of their starting and ending posture. The problems will be solved in the future.

5 Conclusion

In the paper, we have explored image processing and machine learning tech-
niques to evaluate applicability in gesture recognition systems. Based on the
techniques, we have synthesized and performed the gesture recognition model
including detection algorithm using HOG and SVM, clinging algorithm by cor-
relation filter with KCF, and the algorithm to classify the hand using CNN. The
algorithm has been trained on datasets including labels with 1000 images. As a
result, the algorithm ensures real-time processing speed at an acceptable level
and high accuracy. Based on the obtaining results, we will develop and apply
the method for smart-home applications.
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