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Abstract 

 

Gestures are the most natural expressive way for nonverbal communications between human and computers in 

virtual system. Hand gesture is the simplest method of non-verbal communication for human beings for its freer 

expressions much more other than body parts. The proposed system can recognize the hand gestures using an 

accelerometer and convert it to meaningful sentences using neural network architecture. Accelerometer that 

connected to hand will provide input to the Arduino microcontroller that programs to process the gestures and 

converts it to text. Recurrent Neural Network (RNN) algorithm is used here to predict the gesture to a meaningful 

word and also aiming to add Bluetooth support so as to make the gesture device wireless and more flexible. The 

meaningful words will be communicated to PC or mobile phones through Bluetooth communication. 

 

1. Introduction 

 

The market for mobile devices is expanding rapidly. Input of data is a large part of using a mobile device and 

an input method that is convenient and fast is therefore very interesting. Different types of gestures that can be 

used as keyboards allow the user to input text by dragging a finger over the letters in the desired word. Gesture is 

an expression of physical behavior and emotion from a particular symbol which are either expressed by body or 

hand. The development of hand gesture recognition using three different methods based universal keyboard that 

can be used under any circumstances. Gesture could be used as a tool which determines the user intent and 

communicate between human and computer. In past few years’ different methods has being evolved which can be 

seen in the field gesture recognition-based technology. Hand gesture recognition are greatly differs from the 

traditional hardware based methods. Gesture which has been proposed has implemented differently different of 

different types of concepts, those concepts are as follows: bwmorph algorithm, SVM, Neural network, HMM, 

continuous time recurrence neural network, Arduino coding etc. The method is built on the basis of real world 

application where it can implement properly. Novelty of the work is the usage of different type of methods to get 

less possible error in the result. [Saravanan2018] 

The Hand gesture concept can again divided into three parts, those parts are as follows. First part consists of 

finger gesture detection. In finger gesture the movement is recognized by the accelerometer passed through 

different level of processing in which the each level process the points to reduce an error or noise then those data 

are being passed through recognition. Second part consists of static palm and figure recognition. This is a 3 

dimensional system which is designed to different hand gesture from a predefined algorithm. The accumulated 

data passes through different level of processing, extraction, recognition and execution. [Surya2018] 

For any system, first step is to collect the data necessary to accomplish a specific task. For hand posture and 

gesture recognition method different technologies are used for acquiring input data. Different technologies for 

recognizing gestures can be divided into vision based, instrumented (data) glove, and colored marker approaches.   

Figure 1 shows an example of these technologies. [Saravanan2018, Noor2015] 

In vision-based method, the system requires only camera(s) to capture the image required for the natural 

interaction between human and computers and no extra devices are needed. These approaches are simple but the 

complex background, lighting variation, and other skin color objects with the hand are some of the gesture 

challenges that raised, besides system requirements such as computational efficiency, robustness, recognition 

time, and velocity. Instrumented data glove approaches use sensor devices for capturing hand position, and 

motion. These approaches can easily provide exact coordinates of palm and finger’s location and orientation, and 

hand configurations, however these approaches require the user to be connected with the computer physically 

which obstacle the ease of interaction between users and computers, besides the price of these devices are quite 

expensive, it is inefficient for working in virtual reality. 

Marked gloves or colored markers are gloves that worn by the human hand with some colors to direct the 

process of tracking the hand and locating the palm and fingers, which provide the ability to extract geometric 

features necessary to form hand shape 
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Figure 1: (a) Data-Glove based. (b) Vision based. (c) Colored marker [Noor2015] 

The color glove shape might consist of small regions with different colors or as applied in three different 

colors are used to represent the fingers and palms, where a wool glove was used. The amenity of this technology 

is its simplicity in use, and cost low price comparing with instrumented data glove. However this technology still 

limits the naturalness level for human -computer interaction to interact with the computer. [Kalra2016] 

Machine learning is a field of software engineering that enables PC frameworks to "learn" (i.e. logically 

enhance execution on a particular errand) with information, without being unequivocally customized. The name 

Machine learning was instituted in 1959 by Arthur Samuel. Developed from the investigation of example 

acknowledgment and computational learning hypothesis in computerized reasoning, machine learning investigates 

the examination and development of calculations that can gain from and make expectations on information such 

calculations conquer following entirely static ace gram guidelines by settling on information driven forecasts or 

choices, through building a model from test inputs. Machine learning is utilized in a scope of figuring 

undertakings where planning and programming express calculations with great execution is troublesome or 

infeasible; illustration applications incorporate email separating, location of net-work gatecrashers or malevolent 

insiders working towards an information rupture, optical character acknowledgment (OCR), figuring out how to 

rank, and PC vision. [Surya2018] 

A recurrent neural network (RNN) is a type of artificial neural network commonly used in speech recognition 

and natural language processing (NLP). RNNs are designed to recognize a data's sequential characteristics 

and use patterns to predict the next likely scenario. It is a class of artificial neural networks where connections 

between nodes form a directed graph along a temporal sequence. This allows it to exhibit temporal dynamic 

behavior. Unlike feed forward neural networks, RNNs can use their internal state (memory) to process sequences 

of inputs. [Priscilya2019] 

2. Literature Survey and Related Work 

 

Gestures are considered as the most natural expressive way for communications between human and 

computers in virtual system. Classification is the process of predicting the class of given data points. [Dutta2012] 

 Naive Bayes is a probabilistic classifier inspired by the Bayes theorem under a simple assumption which is the 

attributes are conditionally independent. It is a very simple algorithm to implement and good results have obtained 

in most cases. It can be easily scalable to larger datasets since it takes linear time, rather than by expensive iterative 

approximation as used for many other types of classifiers. 

 Decision tree builds classification or regression models in the form of a tree structure. It utilizes an if-then rule 

set which is mutually exclusive and exhaustive for classification. The rules are learned sequentially using the 

training data one at a time. Each time a rule is learned, the tuples covered by the rules are removed. This process is 

continued on the training set until meeting a termination condition.  

 K-Nearest Neighbor is a lazy learning algorithm which stores all instances correspond to training data points 

in n-dimensional space. When an unknown discrete data is received, it analyzes the closest k number of instances 

saved (nearest neighbors) and returns the most common class as the prediction and for real-valued data it returns 

the mean of k nearest neighbors. In the distance-weighted nearest neighbor algorithm, it weights the contribution of 

each of the k neighbors according to their distance using the following query giving greater weight to the closest 

neighbors. 

 Support vector machines (SVM) are supervised learning models with associated learning algorithms that 

analyze data used for classification and regression analysis. Given a set of training examples, each marked as 
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belonging to one or the other of two categories, an SVM training algorithm builds a model that assigns new 

examples to one category or the other, making it a non-probabilistic binary linear classifier (although methods 

such as Platt scaling exist to use SVM in a probabilistic classification setting). An SVM model is a representation 

of the examples as points in space, mapped so that the examples of the separate categories are divided by a clear 

gap that is as wide as possible. New examples are then mapped into that same space and predicted to belong to a 

category based on the side of the gap on which they fall. 

In [Rashmi 2017], the gesture-controlled device allows the user to control the mouse pointer using his fingertip 

and perform all the operations that a mouse pointer does. The system is based on a Beagle board-XM, a webcam, 

some color bands, and a connection with the computer. In the proposed device, the user has to wear two 

distinguish colored bands on the index finger and the thumb [Rashmi 2017]. The webcam feed is processed by the 

beagle board to fetch the user gesture and then it is sent to the computer which later responds to those gestures. 

The developed software for the system uses Binary Crystal Growth Algorithm for its working along with 

OpenCV, V4L libraries. The implemented system works well although not as efficiently as an actual mouse. Basic 

functionalities were easy to implement with the system but it fails in the long run and is yet to be evolved. 

The human-computer interaction system as developed in [Nidhibahen2018] requires a user to wear a Magic 

Ring on his index finger. Magic Ring (MR) was developed earlier, along with an acceleration sensing processor 

and wireless communication sensors. The system as a whole is dependent upon the acceleration sensing processor. 

When the user gestures a certain gesture wearing the device in his hand its corresponding acceleration value is 

stored in the PC. The function assigned to that particular value is later on executed. These gestures very heavily 

ranging from swinging in all directions, push or pull, sliding, shaking, finger rotation, and other hand movements. 

The Recognition Algorithms used are based on Euclidean distance and Dynamic Time Warping (DTW) 

algorithms. The drawback of this human-computer interface is that the algorithm can be confused about the type 

of gesture passed through the Magic Ring device. Also wearing the device continuously can be troublesome after 

a certain extent of time. 

In [Yikai2017] the developed system consists of two parts, back end, and front-end. The back end system 

consists of three modules: Camera module, a Detection module, and Interface module. The Camera module is 

responsible for connecting and capturing input through different types of image detectors and sending those 

images to the detection module for processing in the form of frames. The output from the camera module is 

subjected to different image processing techniques such as color conversion, noise removal, thresholding 

following which the image undergoes contour extraction in the Detection module. If the image contains defects, 

then convexity defects are found according to which the gesture is detected. If there are no defects, then the image 

is classified using Haar Cascade to detect the gesture. At last, the Interface module is responsible for mapping the 

detected hand gestures to their associated actions. These actions are then passed to the appropriate application for 

further functioning. 

The system developed in [Fabian2011] is a ring-shaped device, which can be worn by the user, and the ring, in 

turn, connects and communicates with a plethora of other devices. The user can “Draw” a pattern, a gesture or a 

symbol in mid-air, and any smart device with a camera can be equipped with custom software so that it can 

capture the trail of the moving hand and thus be programmed to function in a particular the manner on detection of 

a recognized pattern to carry out the respective task. 

 

3. Methodology 

 

A. Data Flow Diagram 

 

The data flow diagram of the system is shown in Figure 2. In the first stage, the real-time values from the 

MPU6050 accelerometer is taken and pass it to the Arduino Nano microcontroller for further processing. 

Accelerometer output contains both the 3-dimensional coordinate values and gyroscopic values. A dataset of the 

values that to be predicted is stored in the Arduino microcontroller using machine learning programming. Python 

is used as the programming language and the Scikit-Learn library is used for machine learning [Haria2017]. The 

processed data will transfer to the microcontroller using a Bluetooth module. Once the gesture training is done, 

the entire data is classified using Support Vector Machine which is considered to be the best classifier according 

to the result of a comparison of different classifiers. The SVM classifier will classify the information content data 

according to the trained data set and predicts the corresponding character. When the character becomes a sequence 

of data, using the Recurrent Neural Network (RNN) algorithm of deep leaning will group the characters to a 

meaningful word and display the output on a PC or mobile. 

Initially, the machine won’t know anything. The machine has to read the gestures which are made by the 

hardware. The gestures are read through the IMU sensor attached to the Arduino. The sensor values 

provide the continual location of the hand wont to make the gesture. A combination of the sensor values 

will be used to estimate the path taken by the hand while making the gesture. The sensor values will be 

used to form a data-set. The sensor values will be mapped to the corresponding character which was 

specified by the user while training the machine. This mapping will be used to predict the character from 
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the gesture made in thin air. For example, making an ’A’ in the air with our hand can be mapped to print 

the letter ’A’ on the computer screen. Initially, the user has to feed the preferred gesture to the program, 

and after doing that the user has to train the machine by testing it continuously. This way the machine 

comes to know the gestures required for a particular operation.  

 

 

Figure 2: Data flow diagram [Saravanan2018] 

The MPU6050 IMU has both a 3-Axis accelerometer and a 3-Axis gyroscope integrated on a single chip. The 

gyroscope measures rotational velocity or rate of change of the position over time, along the X, Y, and Z-axis. It 

uses MEMS technology and the Corioli’s effect for measuring the different points. The outputs of the gyroscope 

are in degrees per second, so as to urge the position, we just got to integrate the angular velocity. The MPU6050 

IMU is additionally called six-axis motion tracking device or 6 DoF (six Degrees of Freedom) devices, due to its 6 

outputs, or the three accelerometer outputs and the 3 gyroscope outputs. [Belgamwar2018] 

The Arduino micro-controller receives the sensor values. It communicates with the computer using Serial 

communication. A python script reads the sensor values from Serial Monitor and stores them as data-sets. These 

sensor values are mapped to targets and can then be used to perform functions on the computer using scripts 

written in Python. The communication between Arduino and a computer can take place through serial 

communication through Arduino’s USB port. To make the device portable, a Bluetooth module HC-06 can be 

interfaced with the Arduino and the data can then be sent over Bluetooth. [Majumdar2013] 

The proposed system uses a Neural Network Algorithm. This Algorithm consists of several types such as Deep 

Neural Networks (DNNs), Recurrent Neural Networks (RNNs), Long Short-Term Memory Networks (LSTMs), 

Convolutional Networks (CNNs), and so on. For the better analysis of the sequential data Recurrent Neural 

Network (RNN) algorithm is used. This algorithm was developed using Python. In implementation, the output of 

this algorithm is the alphabet character. The recognition system issued by RNN will display one by one character 
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when the user is tracing. This system works by using a feedback loop system. Input samples that will be predicted 

then will be compared with each other, so the results of this process will be more accurate. 

 

B. Recurrent Neural Network (RNN) 

 

RNN is a kind of Neural Network architecture that usually has an input such as sequential data where the 

processing is called repeatedly. RNN has experienced rapid progress and has revolutionized areas such as natural 

language processing (NLP), speech recognition, music synthesis, time-series financial data processing, DNA 

series analysis, video analysis, and so on [Yikai2017]. RNN also can be categorized as a deep learning algorithm 

because the data processed through many layers. If the system has many layers, then the computation calculations 

are much too, so that the resulting output is more accurate. Proven in a research experiment entitled "Multiple 

Feature Extraction for RNN based Assamese Speech Recognition for Speech to Text Conversion Application" 

explained that the level of system accuracy using RNN increased by 10%. 

In RNN, there is a process to calculate the sum of a mistake on a sample that has given to reach the minimum 

loss value. All samples were integrated and each iteration of E parameter move to the way that makes the system 

reach the minimum loss. The gradient of parameter E will determine the way of each parameter. Weight ‘w’ on 

RNN is a parameter that only can be modified to make a quadrate error of E be smaller than before. This process 

can be described by this formula below. 

∇𝐸 =  
𝜕𝐸

𝜕𝜔1

,
𝜕𝐸

𝜕𝜔2

, … … ,
𝜕𝐸

𝜕𝜔𝑙

 

 

With ‘l’ is sum of weight that has been processed. [Priscilya2019] 

 

C. Long-Short Term Memory (LSTM) 

 

LSTM is a kind of RNN that redesigned. LSTM has a similarity work-principle with RNN, namely processing 

data repeatedly. The difference is on LSTM there is an extra signal that given on the processing of one time to the 

next time. That signal called Cell State and Memory Cell that represented by Ct symbol. [Priscilya2019] 

 
Figure 3: Processing of LSTM Algorithm [Priscilya2019] 

 

Simple RNN has a limitation on the exploding gradient [Kalra2016] when an error signal is back-propagated 

through time (BTT). But, the limit can be overcome by using LSTM through using 4 component based on 

[Priscilya2019] which are: (i) memory units: for saving a condition of the network in every time, (ii) input gates: 

for modulating activated of input sample into network cell, (iii) output gates: for modulating activated of output 

into network cell, (iv) forget gates: for reset cell memory automatically. LSTM uses components above for 

reaching a network that can maintain the data status and spread the gradient stably for long range-time. So, 

besides LSTM can complete RNN, LSTM also has been proven that exceed DNN on various commands on 

Automatic Speech Recognizer (ASR) [Yamagishi2014]. In [Priscilya2019] LSTM with an additional projection 

layer prior to the output (termed LSTMP) was proposed to reduce the computational complexity of LSTM. A 

projection layer is applied to ℎ𝑗
𝑖 [Nidhibahen2018] as 

𝑟𝑗
𝑖 =  𝑤ℎ𝑟

𝑖 ℎ𝑗
𝑖 

 

4. SYSTEM DESIGN 

A. Design of Hardware System 

 

Figure 4 is the design system of this project. On this project, movement on the hand is given as the input using 

the accelerometer as input. According to the on/ off position of the switch, the movement is traced by the Arduino 

microcontroller. The values from the accelerometer are converted to character based on the comparison with a 
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trained dataset using RNN and grouped the characters to a meaningful word. After converting the hand gesture to 

a character, it is then transmitted to the PC via Bluetooth module. 

 

 
Figure 4: Design of Hardware System 

B. Design of Software System 

 

The movement of the hand in the frame is detected by the accelerometer and acquired. The features are then 

pre-processed and the features are extracted by using Hand tracking and segmentation. The Extracted features are 

clustered to produce discrete vectors as an input to the next step. Classification of the extracted features by using 

recognition techniques based upon a hand gesture dictionary (database) is done using Support Vector Machine 

(SVM). The input is fed into the hand gesture interpreter, which then decides the command execution based upon 

the home device command stored in that database. This gives the output gesture to be performed. Using this 

information, relevant actions in the computer can be performed by a special library called Scikit Learn library 

which shall convert the data into keyboard click actions. The hand gestures in the accelerometer can be calibrated 

so that they can perform to Recurrent Neural Network to make the input letters to a meaningful word. [Haria2017] 

RNN layers are developed using the Keras library of Python. By comparing with the trained dataset along with 

the gesture values a model of the character is been generated. From the obtained set of characters, the word is 

predicted and the result is obtained.  Data flow diagram of the software system is below. 

 

 
 

Figure 5: Data flow of Software System 
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Figure 5 is the dataflow of this project, exactly on the Arduino microcontroller. This microcontroller function 

is to do process with accelerometer values. Processing real-time values and prediction of characters have been 

integrated into the Arduino microcontroller. 

 

 

5.Conclusion 

 

Building an efficient human-machine interaction is an important goal of the gesture recognition system. 

Different hand gesture methods have been reviewed and analyzed. The instrumented glove approach is selected 

for implementing a hand gesture keyboard since it is the easiest way to trace with much accuracy with minimum 

cost. Also, different classifiers for machine learning are studied and processed the training data with the same. The 

scores for different classifiers are analyzed and based on the result Support Vector Machine (SVM) is selected for 

better classification of training samples. Real-time values from the accelerometer are read and processed using the 

Arduino microcontroller. By using uses the Recurrent Neural Networks (RNN) and Long Short-Term Memory 

Networks (LSTM) algorithm that created using Python identify the character and predicted the meaningful word. 

The meaningful word is displayed on the PC by transmitting via the Bluetooth module. 
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