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Abstract. Gesture recognition has been an attractive area of research since a long 

time. With the introduction of Microsoft Kinect, hand gesture and body gesture 

recognition has become handy for the researchers. Here an innovative application 

has been presented which controls all electrical home appliances through hand 

gestures. The algorithm presented here is an assistive application useful for 

physically challenged and senior citizens. In this paper we have used Microsoft 

Kinect for image capturing along with some important computer vision (CV) and 

digital image processing techniques (DIP) for hand gesture recognition. Arduino 

Uno microcontroller and relay circuits are used for controlling electrical devices. 

The algorithm presented gives an accuracy of 88%. 

 
Keywords: Microsoft Kinect, Human Computer Interaction (HCI), Computer 

Vision (CV), Depth Sensor, Feature Extraction, Feature Classification, Arduino 

Uno 

 

1. Introduction 
 

Since a long time we have been using keyboards and mouse to interact with computers. 

Off late different techniques like WI-FI and Bluetooth have became more popular and 

handy for communicating with computers. With the development of new software 

applications and research in the area of Human Computer Interaction (HCI), need of a 

more effective communication media increased. In recent time, brain waves, voice, 

touch, gestures etc. are used for HCI. The use of human gesture and posture is strongly 

making its mark in the area of HCI. Hand gesture and facial expressions are the most 

popular areas of research for researchers working in this dynamic field. Hand gesture 

recognition is a challenging task mainly for two reasons: Localization and 

segmentation. Initially hand gesture recognition was done using colour marks on fingers 

or coloured gloves, such as [1]. More information and historical development of use of 

gloves and various sensors or devices used in hand gesture recognition is given in [2]. 

Nevertheless the use of such devices or gloves is not advocated as it restricts the 

convenience of the user. Constraint free hand gesture recognition has been more popular 

with the introduction of depth sensors. Microsoft has introduced one such depth sensor 

called Microsoft Kinect.   

In this paper we have proposed an algorithm, which not only identifies the gesture of 

palm of a hand but also controls the home appliances through them. We have utilized 
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Kinect sensor for video capturing and further Ardiuno is used as a bridge between the 

hand gesture recognition engine and electronic home appliances. The main motivation 

behind this work is to empower physically challenged and senior citizens to have 

complete control over their home appliances with minimal physical movements. Here 

in this work our proposed algorithm identifies hand gesture and it sends appropriate 

signals to Arduino which then controls any electrical / electronic device which is 

intermediately connected to a relay board. This paper is divided into five sections. In 

section two we have presented literature review which is followed by our proposed 

algorithm in section three. In section four we have presented the results of our proposed 

algorithm. Conclusion is proposed in the last section.  

 

2. Literature Review 
 

Without saying anything, human gestures can convey thousands of words and therefore 

human gestures should be used more often for communication. For providing such 

natural capabilities to a robot or a computer, researchers of Computer Vision (CV) and 

Human Computer Interaction (HCI) are inclined to identify and recognize human 

gestures.  According to Pavlovic et.al. [3] human gesture can be categorized as shown 

in Fig. 1.  

In addition to gestures, voice and touch are also used for human computer interaction. 

Among the human gestures, hand and arm gestures are more expressive and hence they 

are more popularly used in computer vision and human computer interaction. Initially, 

for hand gesture recognition, gloves based devices, colour bands on arm or wrist or 

some wired wearable devices were used. However, the use of these gears or colour 

bands etc. used to restrict the freedom of the user, and looses naturalness of interaction 

with the computer in particular and the machine in general. Obviously the techniques 

based on these types of gears were vision based techniques and therefore were more 

dependent on lighting and illumination conditions [4] [5]. In the year 2010 Microsoft 

introduced a revolutionary device called Kinect which was meant to be used with their 

XBOX 360 console. But researchers found a different and more interesting use of 

Kinect, which completely changed the field of CV. Kinect is the ultimate solution to 

combat with the problems of lighting and illumination, since it has the capability to 

measure depth of the object. Technically speaking Kinect is a depth sensor, which 

captures images in RGB mode and maps them into the depth of the scene. With 

introduction of Kinect, researchers came up with many interesting and innovative 

applications. In literature one can trace plenty of algorithms for hand gesture recognition 

both with and without the use of Kinect sensor.   An algorithm based on gloves is 

presented by I.Agrawal et;al. [6] and Zhou Ren et.al [7]. In [6] researchers have made 

the use of red coloured gloves for localization and segmentation of hand. For hand 

segmentation the authors have used R colour channel threshold value of G and B 

channel. Whereas in [7] authors used a black coloured wristband for hand segmentation. 

Here it is interesting to know that in the earlier work the researchers have not used 

Kinect sensor where as in the later one Kinect has been used and hand has been captured 

from a pre-specified depth range. Since these two algorithms are based on colours, they 

have limitations like; if the colour is not properly captured the algorithm will not work 



efficiently, if the colour of glove or band is visible in the frame; in the form of 

background or elsewhere that part will also be captured as a part of hand. 

Fig. 1.  Classification of human gestures 

 

While addressing the problem of hand gesture recognition; localization and 

segmentation of hand is the most crucial and important task. In almost all the research 

done pertaining to this problem it has been suggested to keep the gesturing hand in front 

of the camera. This is how the gesturing hand becomes the nearest object. There are 

three different approaches adopted by the researchers to locate the hand. The first 

approach is to find the centroid of the hand and then with some minor adjustments in 

depth, the hand is localized [8] [9] [10]. The second approach is to isolate the hand if it 

falls in a particular range of depth. Here researcher empirically decided a range of depth 

and the user needs to keep his hand within that range to get it captured by the camera 

[7], [11], [12], [13]. In the third approach researchers use mathematical model or some 

logical approach like finding corners of fingers, Time series curve etc. This approach 

has been used in [14], [15], [16]. Once, hand is localized and it is segmented the next 

task in the process of hand gesture is feature extraction of various hand gestures. K.K. 

Biswas [14] has considered various hand gestures like ‘clap’, ‘call’, ‘greet’, ‘wave’, 

‘yes’, ‘no’, and ‘rest’ whereas Pan Jing and Guan in [15] have considered pointing 

finger gesture to create an application of virtual touch screen.  Against these sequential 

gestures one can find out applications where static hand gestures are considered which 

recognizes sign language, numbers and alphabets of some natural language [7], [8], 

[10], [11], [12], [17]. In many presented algorithms researchers have used only fingers 

without palm for extracting features. Such algorithms need to remove palm from the 

hand image. Giulio Marin [18] and Zhou Ren et.el. [7] used palm centroid position 

given by Kinect and draw a circle from there which fits the palm area of hand. By 

removing the area which falls into the circle, fingers can be identified. In contrast to this 

approach many researchers use complete hand image to extract features counting open 

and close fingers using some mathematical or structural information of image [8], [10], 

[17], [18]. Mathematical feature sets are used in [7], [8], [11], [16] where tools like 

Fourier descriptor, SIFT,  PCA etc. are used. Whereas [6], [9], [14], [18] have suggested 

structural features like contours, convex hull, and depth histograms etc. Feature 

extraction is followed by identification of feature that is classification. In literature some 

popular and widely used classification techniques like; Support Vector Machine (SVM), 

Hidden Markov Model (HMM), K-means classifier, Naïve Bayes classifier, template 

matching, Finger Earth Mover Distance (FEMD)  [6], [7], [8], [9], [10], [14],  [16] are 



found to be used. One can find very exhaustive and useful review information on 

Microsoft Kinect sensor and hand gesture recognition in [19] and [20] respectively. 

 

3. Proposed Algorithm 
 

The algorithm first captures images from the depth sensor Kinect and it localizes the 

hand from the frame. In the next step, hand is cropped for further processes. The image 

captured through Kinect requires some preprocessing before it is considered for feature 

extraction. Preprocessing task is done in the next step. In the successive step the features 

are extracted and it is sent to the classifier. When the classifier finds the gesture to be 

appropriate, signal is sent to Arduino which controls the appropriate appliance with the 

help of a relay board. Fig. 2 is the complete block diagram of proposed system. The 

detailed description of each step is as follows; 

 

4. Hand Segmentation 
 

For segmentation of hand, we need the user to keep his hand in front of the sensor. 

When the user keeps his hand in front of sensor, the hand becomes the nearest object 

visible in the frame. In this process we have used NITE library and a predefined range 

of depth [11] for hand localization and segmentation. The following algorithm shows 

the process of hand segmentation. The output of this process is shown in Fig. 3. 

Step 1 : Capture depth mapped video from Kinect sensor 

Step 2 : Capture location (Hx,Hy) using NITE. (Hx,Hy) is the centroid of the visible hand.  

Step 3 : If the centroid (Hx,Hy) belongs to the predetermined range, then crop the image. 

 

 

 

 

 
Fig. 2.  Block diagram of proposed system Fig. 3. Localized and Segmented 

Hand Images captured by Kinect 

 

5. Image Pre-Processing 

 

The pre-processing is a process which prepares the image for further processing. In this 

stage the noise, slant etc. are removed as shown in Fig 4. Here in this problem we hardly 

have any noise as such but when the image is converted into binary some information 

is lost and discontinuity in the image is added. Also the image captured by Kinect and 

selected in the earlier stage is in RGB though it is appears to be in binary. Therefore it 



is needed to convert it into binary for finding features of the image. Here we propose 

removal of gaps and small holes from the image.  

 

Step 1 : RGB image obtained from pre-processing stage is converted into gray image 

by converting each RGB pixel value to gray scale value by performing 

weighted sum of red, green and blue component of respective pixel.  

=  

Step 2 : Find a global threshold value using Otsu’s method [22] of gray scaled image to 

convert it into binary. Otsu’s method minimizes intra-class variation of black 

and white pixels. i.e. 

                                                                                                                                  

Where;  

  is an intra class (foreground and background) variation, 

 ,  are weights of foreground and background class respectively, 

 ,  are variances of foreground and background class respectively, 

t  is a threshold value which minimizing intra class variation. 

 Step 3 : Convert gray scaled image into binary suing threshold value calculated in step 

2. 

B(X,Y) =  

Where; 

B(X,Y) is a Binary image, and 

G(X,Y) is gray scaled image 

Step 4 : Smoothen out the edge of the hand gesture image using median filter on 3 x 3 

neighborhood.  

Step 5 : Perform morphological operation dilation and filling. While converting hand 

gesture image in binary image, small holes are created in image. To remove 

these holes, morphological operation dilation is performed. Filling process will 

fill all small holes, if any, in the image 

Step 6 : Crop the gesture image to the region of Interest (ROI) 

 

6. Feature Set And Classifier 
 

In this work the user who wishes to operate appliances through hand gestures may be 

of any age and gesture. Also the user may be at any distance and at any angle from the 

Kinect sensor. In addition to this, the user may use any hand: left or right to convey the 

gesture to the system. Left hand gestures and right hand gestures are mirror images of 

one another. In all these cases, feature set should work effectively. To consider these 

challenges and complexity we need to have a set of feature which is invariant of scale, 

place and rotation. Hence, we propose to use Hu’s seven moment invariants [23] as a 

feature set.  Hu’s moment invariant are calculated as below;   

M1 = η20 + η02 

M2 = (η20 - η02 )2 + 4 η2
11 

M3 = (η30 - 3η12 )2 + (3η21 - η03 )2 



M4 = (η30 + η12 )2 + (η21 + η03 )2 

M5 = (η30 - 3η12 )( η30 + η12) + ((η30 + η12 )2 – 3(η21 - η03 )2)  

        +  (3η21 - η03) (η21 + η03) ((3(η30 + η12 )2 – (η21 + η03 )2) 

M6 = (η20 - η02 )(( η30 + η12)2 - (η21 + η03 )2)+ 4 η11 (η30 + η12 ) (η21 + η03 ) 

M7 = (3η21 - η03 )( η30 + η12) ((η30 + η12 )2 – 3(η21 + η03 )2)  

        +  (3η12 - η30) (η21 + η03) ((3(η12 + η30 )2 – (η21 + η03 )2) 

Where ηpq are normalized central moments;  

    where      

And,   

Here it is interesting to note that M1 and M2 are called Hu’s moments of second order 

where as remaining moments are called moments of order three.  Thus for each of the 

hand gesture a feature set of seven features is calculated.  

 

 
 

 Fig.4. Set of hand gesture 1 – 5 (a) original Images (b) images with smoothen boundary (c) 

dilated images (d) images with filled in holes 

 

There are many classifiers being used in shape identification. These popular classifiers 

are Artificial Neural Network (ANN), Support Vector Machine (SVM), and kNN. Here 

we propose to use kNN classifier; as it is a simple classifier and does not need much 

prior information. We further propose Euclidian distance for classification. We have 

also carried out our experiment for different values of k and ultimately we decided to 

go with k=1 as it gives more effective classification rate.   

 
         Table 1.  Hu’s moment of hand gestures 1–5 shown in Fig. 4. 

 Gesture 1 Gesture 2 Gesture 3 Gesture 4 Gesture 5 

M1 0.20365 0.2126857 0.2121163 0.2244263 0.2229706 

M2 0.00444 0.004906 0.0046875 0.0055781 0.0047563 

M3 4.32E-05 4.48E-05 4.49E-05 7.07E-05 2.04E-05 

M4 3.00E-05 2.61E-05 2.97E-05 4.27E-05 2.87E-05 

M5 4.90E-10 5.35E-10 -3.81E-10 1.32E-09 -1.23E-10 

M6 -1.92E06 -1.76E-06 -1.40E-06 -3.18E-06 -1.40E-06 

M7 7.12E-10 3.33E-10 -1.75E-09 -8.33E-10 -1.46E-09 

(a)      (b)           (c)         (d) 



7. Experimental Results 
 

For testing this proposed algorithm we have collected five gestures from fifty subjects. 

Thus a total of two hundred and fifty hand gestures images are considered in dataset. 

These subjects are of different age group and gender. Through Kinect depth sensor we 

collected images at 640 x 480 resolution. Kinect sensor captures images in eleven bits 

and it is sensitive to 2048 different levels. When hand comes within the range of 250mm 

to 650mm from the sensor it captures the hand as the nearest object. When any hand is 

identified in the given range it is captured and processed as described above and Hu’s 

seven moments are calculated for it. Thus we have a feature set of size seven. Table 1 

shows a feature set of hand gesture 1 – 5. Further we have tested kNN classifier for 

various values of neighborhood values k and for different training size. Fig. 5(a) shows 

a chart of different neighborhood values against total success rate for various size of 

training dataset and Fig. 5(b) is the same chart for unseen dataset. From Fig. 5(b) it is 

evident that neighborhood value k = 1 and training 35 size of training dataset gives the 

best result.  
 

Table 2.  Confusion matrix of test result when k=1 and n=35. 

 1 2 3 4 5 

1 48 2 0 0 0 

2 0 40 6 4 0 

3 0 0 45 5 0 

4 0 0 3 42 5 

5 0 1 1 3 45 

 

From Table 2 it is seen that gesture one is the most successful gesture whereas gesture 

two is the most weak gesture for identification according to this proposed algorithm. 

Gesture two is misidentified as three and four for six and four times respectively. The 

identified gesture is then send to Arduino through a six channel relay board to activate 

different home appliances like light, fan, mobile charger or TV set. We assigned gesture 

one to light, two to fan, three to mobile charger and four to TV set. Gesture five is off 

gesture which shuts down any of the open appliance. The confusion matrix of appliance 

on/off is same as that of gesture recognition.  

 

  
(a) (b) 

Fig. 5. Success rate of classifier for various k values and various size of train dataset (a) Overall 

performance (b) performance on unseen data 



8. Conclusion 
 

The algorithm presented here is an attempt to assist physically challenged and senior 

citizens who want to operate appliances with minimal efforts. This algorithm uses 

Kinect sensor for image capturing and various computer vision and image processing 

techniques. The total success rate achieved by this algorithm is 88%. There is ample 

scope for improving this algorithm at two stages. The first improvement is possible in 

localization of hand and second is proper preprocessing. 
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