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ABSTRACT 

This paper focuses on the very important aspect of image compression and that too on the medical images 

which are very important so far as diagnosis of various dieses are concerned. This paper focuses on two major 

aspects i.e. compression on medical images so that the storage space and bandwidth can be saved and also 

keeping very important information for effective diagnosis. In this paper we have made use of hybridization of 

Singular Value Decomposition (SVD) and Discrete wavelet transform (DWT) for the lossy image compression 

followed by arithmetic coding for the lossless image compression. We utilized Peak Signal to Noise 

Ratio(PSNR), Mean Square Error (MSE), Compression Ration, Correlation and Elapsed Time for the sake of 

performance measurement and comparison. 
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I. INTRODUCTION 

 

The amount of data produced by medical imaging techniques is vast and this might be a problem for storing and 

sending the data over a network. To overcome this problem, image compression has been introduced in the field 

of medical. There are several types of image compressions available but in case of biomedical images the loss of 

diagonasability of the image is not tolerable and hence to achieve higher degree of compression without any 

significant loss in the diagonasability of the image. JPEG was developed in 1992, using the DCT is simple and it 

is the widely used technique for compression, but results in blocking artifacts, ringing effects and false 

contouring appreciably for high compression ratio [10][12]. Wavelet transform provides numerous desirable 

properties such as multi-resolution representation; scalability and progressive transmission which are beneficial 

to image compression applications as there is a need to handle lots of medical images in the hospitals. Discrete 

Wavelet Transform (DWT) based coding, is another efficient technique used for image compression. The ability 

to display image at different resolutions like low frequencies and high frequencies simultaneously makes it a 

better method compared to others [11]. To achieve higher degree of compression we have to choose the hybrid 

scheme of DWT, DCT and Huffman encoding compression technique. This paper proposes an approach to 

improve the performance of medical image compression while satisfying medical team who need to use it.  

In this paper, an efficient hybrid SVD - DWT technique for image compression is presented. In the preceding 

section some idea is given about the technical functionality of DWT followed by the same in next section. 
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Section 4 describes the proposed method. Section 5 gives the results and comparison. At the end the conclusion 

is given followed by references. 

 

II. DISCRETE WAVELET TRANSFORM 

 

The Basic Idea of the Discrete Wavelet Transform [16 - 25] may be understood by taking a one dimensional 

signal which is first split into two parts, usually high frequencies and low frequencies [16]. The low frequency 

part is split again into two parts of high and low frequency. This process is continued until the signal has been 

entirely decomposed. Furthermore, from the DWT coefficients, the original signal can be reconstructed. The 

reconstruction process is called the inverse DWT (IDWT).The idea of the DWT is as shown in the figure 1.  

 

Fig 1. Basic Decomposition Steps For Images 

 

III. SINGULAR VALUE DECOMPOSITION 

 

Singular value decomposition (SVD) [26, 27] is a numerical technique based on the linear algebra and it is used 

to diagonalize matrices in numerical analysis. It is an algorithm developed for a variety of applications. 

When we apply SVD to an Image A of size MxN, we find three matrices, namely U, V and S whose properties 

are: 

 We can represent A = USV
T
. 

 U and V matrices are called unitary matrices having size MxM and NxN respectively. 

 S matrix is called diagonal matrix having size MxN. 

 The columns of the U matrix are called the left singular vectors while the columns of the V matrix are 

called the right singular vectors of A. 

 The diagonal entries of S are called the singular values of A and are arranged in decreasing order 

 The singular values (SVs) of an image have very good stability, i.e., when a small perturbation is added to 

an image, its SVs do not change significantly;  

 SVD is able to efficiently represent the intrinsic algebraic properties of an image, where singular values 
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correspond to the brightness of the image and singular vectors reflect geometry characteristics of the image. 

 An image matrix has many small singular values compared with the first singular value. Even ignoring 

these small singular values in the reconstruction of the image does not affect the quality of the reconstructed 

image. 

 

IV. PROPOSED METHOD  

 

Here we have proposed an algorithm which makes use of hybridization of the SVD and DWT which are 

responsible for the lossy compression followed by arithmetic coding of the result which again compresses the 

image but in a lossless manner. 

Following is the pseudo code for the proposed algorithm. 

1. Ask from the user about the image to be compressed 

2. Check whether the image is color or grayscale  

3. If image = color 

a. Convert the image from RGB plane to YCbCr plane 

b. Select Y component for further processing 

Else if image = grayscale 

c. Select image for further processing 

End 

4. SVD is applied on selected grayscale image or Y component of the color image. 

5. Some N columns are kept and other are deleted in Unitary matrices for compression (Lossy) 

6. Whereas N rows and N columns are kept in Singular component. 

7. As the value of N increases the quality of the image increases and the compression ratio decreases 

8. Processed image is given to Discrete Wavelet Transform 

9. Approximation component is selected for further process with all other parts quantized with the 

quantization table. 

10. Arithmetic coding is applied on the every component of the image for compression (Lossless) 

 

V. VISUAL QUALITY PARAMETERS 

 

We have mainly used the following visual quality matrices [13] for the sake of comparison of degradation after 

the compression. 

 

 

Here MSE – Mean Square Error 

PSNR – Peak Signal to noise Ratio 

f(x,y) – Original Frame 

f’(x,y) – Compressed Frame. 

The phrase peak signal-to-noise ratio [14], often abbreviated PSNR, is used to measure the similarity between 
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two signals where in one is original and the other is altered version of the same. PSNR can be defined via the 

Mean Square Error (MSE) which gives us the idea of difference between the original and the altered signal. 

PSNR is measured in the logarithmic scale and MSE is measured in the general scale.  

At the receiver end we recovered the image and measured the quality with the help of the correlation 

function. 

 

VI. RESULTS 

 

Following Table shows the results that we got from the proposed algorithm which gives significant 

improvement over traditional JPEG algorithm. In result section we utilized the all kind of medical images that 

are DICOM images, CT images, MRI images and PET images and we achieved the outputs as shown in the 

table. 

Table 1:- Results of the Proposed Algorithm 

Original Image Recovered Image 

  

Type of Image Dicom 

Original Image Bits 524288 

Bits to be Transmitted 141664 

Compression  72.979736 

PSNR 31.7877 

MSE 43.0832 

Correlation 0.6308 

Elapsed Time 6.5832 

  

Original Image Recovered Image 

  

Type of Image Dicom 

Original Image Bits 524288 

Bits to be Transmitted 160948 

Compression  69.301605 

PSNR 31.4798 

MSE 46.2488 

Correlation 0.6413 

Elapsed Time 7.1916 
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Original Image Recovered Image 

  

Type of Image CT 

Original Image Bits 524288 

Bits to be Transmitted 160948 

Compression  69.301605 

PSNR 31.4798 

MSE 46.2488 

Correlation 0.6413 

Elapsed Time 7.1916 

  

Original Image Recovered Image 

  
Type of Image MRI 

Original Image Bits 524288 

Bits to be Transmitted 124322 

Compression  76.287460 

PSNR 35.0818 

MSE 20.1792 

Correlation 0.9386 

Elapsed Time 6.2326 

 

Following table 2 shows the comparison between the proposed algorithms with the famous algorithms. 

Table 2:- Comparative Analysis 

Parameter PSNR Compression Ratio 

RLE 47.78 2.5 

JPEG 26.12 51.12 

Wavelet 24.25 50 

Proposed 31.78 72.97 
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VII. CONCLUSION 

 

It is observed from the results that both PSNR and Compression ratio achieved is higher than the popular 

method like JPEG, RLE etc. At the same time MSE and Elapsed time is very much small comparatively. So this 

method is able to achieve the high quality and less space requirement.  
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ABSTRACT 

In an automotive production unit considerable amount of time is spent on testing and observation. Therefore a 

need arises to address this issue with the help of any automation technique. In this paper we discuss about 

monitoring vital parameter in automotive industry such as Temperature, Flaw detection, EMF detection & DC 

voltage measurements using a wearable glove which is both time and cost efficient. An Arduino board is 

interfaced with a temperature sensor to monitor the temperature inside the testing area and an ultrasonic sensor 

is used to find flaws in an object and the corresponding temperature and distance reading is displayed on 16*2 

graphics LCD. A voltage divider circuit and an EMF detection circuit are also interfaced with the Arduino 

board to serve as a DC voltmeter and EMF detector respectively. The DC voltmeter consists of two probes 

which can be placed across any electronic circuit and corresponding reading is displayed on graphic LCD. All 

these units are compactly fitted in a glove in order to enable continuous monitoring of parameters in a time 

efficient and convenient way.     

 

Index Terms: Temperature Monitoring Unit, Ultrasonic Flaw Detection Unit, DC Voltmeter Unit, 

EMF Detection Unit, Arduino Board  

 

I. INTRODUCTİON  

 

A solution to the problem of spending considerable amount of time on testing and observation in an automotive 

industry could be solved by using a wearable glove that is powered by an Arduino board to monitor the 

Temperature, to identify the Flaws, to detect the EMF leakage and also to serve as a DC voltmeter by measuring 

the voltage across a circuit. Using a compactly fitted glove to monitor the necessary parameters helps an 

individual to move around easily without carrying individual testing Equipments for Individual parameter 

measurements. Further continuous monitoring of accurate readings is possible in a time efficient manner using 

this glove.  

The ultimate need for this project is to assist workers in an automotive industry where unnecessary time is being 

spent on monitoring and observation. For ease of use the glove helps; and for monitoring and testing, the sensors 

interfaced with Arduino board measure and send accurate readings to graphic LCD which in turn displays the 

reading for the user to observe and record. 
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II. LITERATURE REVIEW 

 

 Design and Development of a low cost electronic hand glove for deaf and blink by Gupta, D.; Singh, 

P.; Pandey, K.; Solanki, J., Computing for Sustainable Global Development (INDIA Com), 2015 2nd 

International Conference on 2015. 

There are around 285 million visually impaired people in the world and 900,000 deaf and mutes. They use sign 

language to communicate with others. But it's very difficult to use and understand this sign language as it contains 

approximately 6000 gestures. The model uses 26 gestures of hand to communicate alphabets and 10 more 

gestures to communicate numbers. This would help the deaf person to communicate with others by typing text on 

LCD screen through hand gestures. The text is converted into speech so that the blind person could hear and 

communicate. 

Above discussed is one of the biomedical applications achieved using an Electronic Hand glove. There are a lot 

of Electronic Gloves researches undertaken for Automation and Medical Research purposes. Hence, we 

developed an Electronic Glove to reduce the complexities in Testing &Monitoring services in an automotive 

Industry by reducing the amount of cost and time being deliberately spent in vain. Our proposed system could 

assist the user with four different parameter measurements and monitoring and it is the first of its kind in the 

automotive testing Industry. 

 

III. INTERFACE 

3.1 Temperature Monitoring Unit 

The DS18B20 digital thermometer provides 9-bit to 12-bit Celsius temperature measurements and has an alarm 

function with nonvolatile user-programmable upper and lower trigger points. The DS18B20 communicates over 

a 1-Wire bus that by definition requires only one data line (and ground) for communication with a central 

microprocessor. It has an operating temperature range of -55°C to +125°C and is accurate to ± 0.5°C over the 

range of -10°C to +85°C. In addition, the DS18B20 can derive power directly from the data line ("parasite 

power"), eliminating the need for an external power supply. Each DS18B20 has a unique 64-bit serial code, 

which allows multiple DS18B20s to function on the same 1-Wire bus. Thus, it is simple to use one 

microprocessor to control many DS18B20s distributed over a large area. Applications that can benefit from this 

feature include HVAC environmental controls, temperature monitoring systems inside buildings, equipment, or 

machinery, and process monitoring [1].  

 

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Gupta%2C%20D..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Singh%2C%20P..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Singh%2C%20P..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Singh%2C%20P..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Pandey%2C%20K..QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Solanki%2C%20J..QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7088896
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7088896
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Figure 1 DS18B20 Temperature Sensor 

The internal circuit operation of DS18B20 temperature sensor is explained below [1]. There are two transistors in 

which one has ten times the emitter area of the other which signifies it has one tenth of the current density, since 

the same current is going through both transistors. This causes a voltage across the resistor R1 that is proportional 

to the absolute temperature, and hence produces linear output. The role of amplifier at the top of the circuit is to 

ensure that the voltage at the base of the left transistor (Q1) is proportional to absolute temperature by comparing 

the output of the two transistors. The amplifier (A2) converts absolute temperature into Celsius. The "i" in the 

circuit represents the constant current source circuit. All the components are fitted into the tiny package with three 

leads namely Vcc, output and ground. The Arduino is interfaced with temperature sensor at analog pin A1 .The 

temperature proportional to output voltage is measured using the sensor and the corresponding reading in Celsius 

is displayed on the 16*2 graphics LCD.   

 

Figure 2 Interfacing of LM35 with Arduino 

 

3.2 Ultrasonic Flaw Detection Unit 

The flaw detection is achieved with the help of Ultrasonic sensor HC-SR04 .Ultrasonic sensor module HC - SR04  

has  a  non-contact measurement function, and provides accuracy upto even  3mm.The range of this sensor varies 

from 2cm to 400cm The modules consist of  a ultrasonic transmitter, receiver and control circuit. It has four pins 

namely Vcc, Trig, Echo and GND.  

 

Figure 3 Ultrasonic Sensor - HC-SR04 

This Ultrasonic sensor works on a principle similar to sonar which evaluates distance of a target by interpreting 

the echoes from ultrasonic sound waves. It works by sending out ultrasonic frequency waves using IO trigger pin 

and when those waves are reflected upon striking the surface, it is collected by the echo pin. The Vcc pin 

provides necessary input voltage for the operation. The range or distance is measured using the formula,  
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Distance = propagation time × velocity of sound (340M/S)/2 

 

 

Figure 4 Ultrasonic Sensor HC-SR04 Operational Diagram 

This sensor pins are interfaced in the following order: Vcc to pin 2, Trig to pin 8, Echo to pin 9, GND to pin 5 of 

the Arduino. The range values are recorded by the sensor, if it is found to be constant throughout the surface of an 

object, then it is concluded that there is no flaw present in the object, Otherwise if there is actually a flaw in the 

object, then deviations in the recorded values can be observed, thus proving that there exists a flaw in the object. 

The range values are displayed on the 16*2 graphic LCD continuously for the user to observe any deviation is 

observed. In order to get notified about the accurate readings a buzzer is made to sound if the range recorded is 

more than 10 cm, as accurate readings are observed when sensor is as close to the object under observation [6].     

 

Figure 5 Interfacing of HC-SR04 with Arduino 

 

3.3 Dc Voltmeter Unit 

The Dc voltmeter unit works on principle of voltage divider circuit. Figure 6 is a voltage divider with no 

significant load. The output voltage is the voltage across R2. To find the voltage across R2 we need to find the 

current through it. The current through R2 is the same as the current anywhere else in the circuit. The current in 

the circuit is given by the equations, 

I = E / (R1 + R2)                        (1) 

The voltage across R2 is given by 

VO = I R2                                        (2) 
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Figure 6 Voltage Divider Circuit Diagram 

Substituting equation (1) into equation (2) gives us the voltage divider equation 

 

VO = E R2 / (R1 + R2)           (3) 

Usually the input voltage to a voltage divider is not a battery E but sometimes a known voltage VIN. In this case 

the equation would be 

VO = VIN R2 / (R1 + R2)           (4) 

Here in this project R1 = 220 Ohms and R2 = 220 Ohms. In order to find out the voltage across a device or a 

circuit, a set of two probes one being positive and other one negative is paced across the circuit and the ground 

respectively. The corresponding reading measured is displayed on the display. The DC voltmeter can be used to 

measure voltages of range from 0-30v only..  

 

Figure 7 Interfacing of Voltage Divider Circuit with Arduino 

 

3.4 EMF Detection Unit  

The EMF detection unit is used to solve the purpose of tester used in checking whether any EMF leakage occurs 

in a circuit or device. The EMF detection circuit basically consists of resistor wound across a copper wire and  is 

connected  to  analog pin 5 of the Arduino and incase of EMF leakage, a LED is made to switch on to indicate 

the presence of EMF leakage happening in the circuit. A 3.3M resistor is used in the EMF detection circuit with 

Arduino Interface. 
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Below shown in the figure 8 is the interfacing between EMF detection circuit with the Arduino board and the 

LED indicator is also shown. 

 

Figure 8   Interfacing of EMF Detection Circuit with Arduino 

 

3.5 LCD Display 

 

 

Figure 9 Interfacing of LCD Display with Arduino 

The Measured parameters are displayed in the LCD Display which is placed at the top of the glove. The LCD 

Display used over here is 16*2 Graphics LCD Display [3]. 

 

3.6 Arduino Board 

The board we have used in this interface is Arduino UNO. The Arduino UNO is a microcontroller board based on 

the ATmega328. It has 14 digital input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 

16 MHz ceramic resonator, a USB connection, a power jack, an ICSP header, and a reset button [2]. It contains 

everything needed to support the microcontroller; simply connect it to a computer with a USB cable or power it 

with an AC-to-DC adapter or battery to get started. The UNO differs from all preceding boards in that it does not 

use the FTDI USB-to-serial driver chip. Instead, it features the Atmega16U2 (Atmega8U2 up to version R2) 

programmed as a USB-to-serial converter [2].  
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Figure 10 Screenshot of the Arduino Coding Workspace 

 

IV. WORKING 

 

All the four units mentioned above namely Temperature monitoring unit, Flaw detection unit, EMF detection 

unit & DC voltmeter unit are all fitted compactly into a Wearable glove. The temperature sensor measures the 

room temperature and displays the readings in the Graphics LCD.  

The Ultrasonic sensor detects the presence of the flaw (if there is any) and displays the accurate range readings 

on graphics LCD. A buzzer is made to alarm if the readings measured are greater than 10 cm. This is done to 

ensure accurate readings are obtained every time. The DC voltmeter unit uses the voltage divider circuit to 

measure the voltage across any circuit. Two probes namely positive and negative placed across the circuit to 

measure its voltage ranging from 0 to 30V.  

The EMF detection circuit triggers a LED to indicate the presence of EMF leakage. All these units are 

compactly fitted in a single glove in order to enable continuous monitoring of parameters in a time efficient and 

convenient way.  

    

 

Figure 11 Block Diagram for the Working of the Interface 
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Figure 12 Prototype Model of the Proposed System 

 

V. ADVANTAGES 

 

 It is designed to serve as both time efficient and economically feasible device which is needed for testing, 

observation and fault diagnosis simultaneously performing the tasks accurately 

 Ease of use as fitted compactly in Glove 

 First of its kind in testing environment, because of multiple features in a single wearable hand glove 

 Rechargeable Power source can be used i.e. 9V batteries which can be charged again. 

 

VI.  CONCLUSION 

 

We have designed a glove which serves as a solution to the problem of spending considerable amount of time on 

testing and observation in an automotive industry. This glove is fitted with four units to measure temperature, 

identify flaws, detect EMF leakage and finally can also serve as digital voltmeter. All the four units are 

compactly fitted with the glove to enable continuous monitoring of parameters in a time efficient and convenient 

way. It is also economically feasible device that can be used for testing, observation and fault diagnosis in an 

automotive industry.   
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ABSTRACT 

Experimental design is a critically important tool in engineering for continuous improvement of the 

performance of manufacturing process. It is essentially a strategy of planning, designing, conducting and 

analyzing experiments so that valid and reliable conclusions can be drawn in the most effective manner. 

Statistical experiments are generally carried out to explore, estimate or confirm. Experimental design has 

proved to be very effective for improving the process performance and process capability. Experimental 

procedures require a structured approach to achieve the most reliable results with minimal wastage of time and 

money. Experimental design, based on sound statistical principles, can be used to give an overall view of a 

manufacturing process using a limited number of experiments. The information gained can be used to optimize 

a process and define which parameters need to be placed under the most influencing in order to maintain the 

repeatability of a process. A mathematical model of the process can also be developed so that it can help in 

predicting the results which are expected when parameters are changed. 

 

Keywords: Continuous Improvement, Experimental Design, Manufacturing Process, Minimal 

Wastage, Optimize. 

 

I. INTRODUCTION 

 

The basic concepts of the statistical design of experiments and data analysis were developed in the early part of 

the 20th century as a cost effective research design tool to help in improving the yields in farming. Since then, 

many types of designed experiment and analysis techniques have been developed to meet the diverse needs of 

researchers and engineers. The first statistician to consider a formal mathematical methodology for the design of 

experiments was Sir Ronald A. Fisher. Exploration consists of gathering and understanding data to learn more 

about the process or product characteristics. Estimation refers to determining the effects of process variables or 

factors on the output performance characteristic. This information is used to estimate the settings of factors to 

achieve maximum output. Confirmation implies verifying the predicted results obtained from the experiment. 

The application of experimental design is useful in all the above phases [1]. A well designed experiment can 

ensure improved process outputs, reduced variability and closer conformance to nominal or target requirements, 

reduced development time and reduction in overall cost. 
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The traditional approach of experimental design is empirical in nature. In this approach one factor is varied at a 

time keeping all other variables in the experiment fixed. This approach depends upon guesswork, luck, 

experience and intuition for its success. Moreover, this type of experimentation requires large resources to 

obtain a limited amount of information about the process [2]. One Variable-At-a-Time experiments often are 

unreliable, inefficient, time consuming and may yield false optimum condition for the process. Statistical 

thinking and statistical methods play an important role in planning, conducting, analyzing and interpreting data 

from engineering experiments. When several variables influence a certain characteristic of a product, the best 

strategy is then the statistical design of experiment which can give valid, reliable and sound conclusions that can 

be drawn effectively, efficiently and economically. 

 

II. BASIC ELEMENTS OF EXPERIMENTAL DESIGNS  

2.1 Randomization 

The first principle of an experimental design is randomization, which is a random process of assigning 

treatments to the experimental units. The random process implies that every possible allotment of treatments has 

the same probability. An experimental unit is the smallest division of the experimental material and a treatment 

means an experimental condition whose effect is to be measured and compared. The purpose of randomization 

is to remove bias and other sources of extraneous variation which are not controllable [2, 3]. Another advantage 

of randomization is that it forms the basis of any valid statistical test. Hence the treatments must be assigned at 

random to the experimental units. Randomization is usually done by drawing numbered cards from a well-

shuffled pack of cards or by drawing numbered balls from a well-shaken container or by using tables of random 

numbers. 

 

2.2 Replication  

The next principle of an experimental design is replication; which is a repetition of the basic experiment. In 

other words, it is a complete run for all the treatments to be tested in the experiment. In all experiments, some 

variations are introduced. This type of variations can be removed by replication. The experiments are to be 

performed more than once. An individual repetition is called a replicate. The number of replicate depends upon 

the nature of the experimental material. Replication of experiments can fetch the following benefits (i) It will 

secure more accurate estimate of the experimental error, thereby calculated values will tend to be closer to the 

true factor effects [4]; (ii) In un- replicated experiment, a single erroneous sample value can distort the whole 

analysis which will not be the case in replicated experiments; (iv) Considerable confidence is added if an 

experiment is replicated; (v) It will increase precision, which is a measure of the variability of the experimental 

error; and (iii) It will give more precise estimate of the mean effect of a treatment. 

 

2.3 Local Control 

It has been observed that all extraneous sources of variation are not removed by randomization and replication. 

This necessitates a refinement in the experimental technique. In other words, a design is to be selected in such a 

manner that all extraneous sources of variation are brought under control. For this purpose, one has to make use 

of local control, a term referring to the amount of balancing, blocking and grouping of the experimental units. 

Balancing means that the treatments should be assigned to the experimental units in such a way that the result is 

a balanced arrangement of the treatments. Blocking means that similar experimental units should be collected 
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together to form a relatively homogeneous group [5]. Blocking reduces known but irrelevant sources of 

variation between units and thus allows greater precision in the estimation of the source of variation under 

study. The main purpose of the principle of local control is to increase the efficiency of an experimental design 

by decreasing the experimental error. Control in experimental design is used to find out the effectiveness of 

other treatments through comparison. 

 

2.4 Orthogonality 

Orthogonality concerns the forms of comparison (contrasts) that can be legitimately and efficiently carried out. 

Contrasts that can be represented by vectors and sets of orthogonal contrasts are uncorrelated and independently 

distributed if the data are normal [6]. Because of this independence, each orthogonal treatment provides 

different information to the others. If there are T treatments and T - 1 orthogonal contrasts, all the information 

that can be captured from the experiment is obtainable from the set of contrasts. 

 

2.5 Comparison 

In many fields of study it is hard to reproduce measured results exactly. Comparisons between treatments are 

much more reproducible and are usually preferable. Often one compares against a standard or traditional 

treatment that acts as baseline. 

 

III. STEPS INVOLVED IN EXPERIMENTAL DESIGN  

 

The following steps are involved in the design of experiment: 

1. Definition of the objective of the experiment. 

2. Selection of the response or output. 

3. Selection of the process variables or design parameters (control factors), noise factors and the interactions 

among the process variables of interest. (Noise factors are those which cannot be controlled during actual 

production conditions, but may have strong influence on the response variability). The purpose of an 

experiment is to reduce the effect of these undesirable noise factors by determining the best factor level 

combinations of the control factors or design parameters. 

4. Determination of factor levels and range of factor settings. 

5. Choice of appropriate experimental design. 

6. Experimental planning. 

7. Experimental execution. 

8. Experimental data analysis and interpretation. 

 

IV. BENEFITS OF EXPERIMENTAL DESIGN  

 

Experimental design enables industrial engineers to study the effects of several variables affecting the response 

or output of a certain process. Experimental design methods have wide potential application in the engineering 

design and development stages [6, 8]. It is the strategy of the management in today's competitive world to 

develop products and processes insensitive to various sources of variations. The potential benefits of 

experimental design are as under: 

1. Reduction of product and process design and development time. 
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2. Possibility to study the behavior of a process over a wide range of operating conditions. 

3. Minimizing the effect of variations in manufacturing conditions. 

4. Understanding the process under study and thereby improving its performance. 

5. Increasing process productivity by reducing scrap, rework etc.. 

6. Improvement in the process yield and stability of an on-going manufacturing process. 

7. Making products insensitive to environmental variations such as relative humidity, vibration, shock and so 

on. 

8. Studying the relationship between a set of independent process variables (i.e., process parameters) and the 

output (i.e. response). 

9. It offers a framework where a researcher performs an experiment to confirm or deny certain allegations. 

10. The experimental design gives investigators or researchers adequate control to analyze and establish the 

cause-effect relationships. 

11. A researcher can be assured that the outcomes obtained are essentially true representations of the actual 

events. 

12. An extra advantage is that experimental design enables the generalization of results. 

 

V. TAGUCHI’S APPROACH 

 

Taguchi‟s experimental methods are now widely used in many industries and in research to efficiently optimize 

the manufacturing process. It is an iterative approach which allows a statistically sound experiment to be 

optimized at minimal cost while investigating a minimum number of possible combinations of parameters or 

factors (Park, 1996). Taguchi‟s parameter design is an important tool for robust design. By applying this 

technique one can significantly reduce the time required for experimental investigation as it is effective in 

investigating the effects of multiple factors on performance as well as to study the influence of individual factors 

to determine which factor has more influence and which has less influence [9]. This method employs orthogonal 

arrays which reduce the number of trials and at the same time all factor effects are given equal importance and 

determine the effect of process parameters upon performance characteristics. Orthogonal arrays allow the 

simultaneous effect of several process parameters to be studied efficiently. Taguchi‟s technique effectively 

separates many trivial design parameters from the few vital ones making the design robust. Hence maximum 

information can be derived in minimum number of trials. Orthogonal arrays allow the simultaneous effect of 

several process parameters to be studied efficiently. Thus Taguchi contributed discipline and structure to the 

design of experiments. This standardized design methodology can be easily applied by investigators. 

Its results are comparable to a full factorial experiment. Techniques such as fractional factorial experiments are 

used to simplify the experiment. Fractional factorial experiments investigate only a fraction of all the possible 

combinations. This approach saves considerable time and money but requires rigorous mathematical treatment 

both in the design of the experiment and in the analysis of the results. Each experimenter may design a different 

set of fractional factorial experiments. Taguchi simplified and standardized the fractional factorial designs in 

such a manner that two different persons conducting the same tests thousand of miles apart, will always use 

similar designs and tend to obtain similar results. Therefore, factorial and fractional factorial designs of 

experiments are widely and effectively used (Ranjit K. Roy, 2010). Taguchi‟s technique addresses the following 

limitations of full factorial experiments. 
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1. The experiments become unwieldy in cost and time when the number of variables is large. 

2. Two designs for the same experiment may yield different results. 

3. The designs normally do not permit determination of the contribution of each factor. 

4. The interpretation of experiments with a large number of factors may be quite difficult. 

In full factorial design if there are k factors at n levels, one requires nk trials. But in Taguchi‟s approach the 

influence of k factors could be found using k+1 trials. As a result, a drastic reduction in the number of 

experimental trials is possible. Considering the above factors, Taguchi‟s concept of „Robust design‟ is 

extensively used in this investigation for designing the experiments. 

Taguchi suggests signal-to-noise (S/N) ratio as the objective function for matrix experiments. The S/N ratio is 

used to measure the quality characteristics as well as the significant machining parameters through analysis of 

variance (ANOVA). Taguchi classifies objective functions into three categories such as smaller the better type, 

larger the better type and nominal the best type. The optimum level for a factor is the level that results in the 

highest value of S/N ratio in the experimental region (Gaitonde et al., 2008). Taguchi‟s approach for creating 

robust design is through a three-step method consisting of system design, parameter design, and tolerance 

design. 

¾The focus on system design phase is on determining the suitable working levels of design factors. It includes 

designing and testing a system based on the engineer‟s judgment of selected materials, parts, and nominal 

product/process parameters based on current technology. Most often it involves innovation and knowledge from 

the applicable fields of science and technology. ¾Parameter design helps to determine the factor levels that 

produce the best performance of the product/process under study.  

 

Fig.1 Taguchi Design Procedure 

The optimum condition is selected so that the influence of the uncontrolled factors (noise factors) causes 

minimum variation of system performance. ¾Tolerance design is a step used to fine tune the results of 
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parameter design by tightening the tolerance of factors with significant influence on the product. Such steps will 

normally lead to identify the need for better materials, buying newer equipments, spending more money for 

inspection, etc. 

 

5.1 Steps Involved in the Taguchi Approach 

Following are the steps to be followed during the Taguchi approach: 

1. Identify the main function. 

2. Determine the de sign parameters affecting the process. Parameters are variables within the process that 

affect the performance measure. 

3. Identify the objective function to be optimized or more specific ally a target value or a performance 

measure of the process. 

4. Identify the control factors and their levels. 

5. Create orthogonal arrays for the parameter design indicating the number of experiments and conditions for 

each experiment. The selection of orthogonal arrays is based on the number of parameter s and the levels of 

variation for each parameter. 

6. Conduct the experiments indicated in the completed array to collect data. 

7. Analyze the data, predict the optimum levels and performance. 

8.  Perform the verification experiment and plan the future action. 

 

5.2 Experimental Design Strategy of Taguchi Technique 

Taguchi constructed a special set of orthogonal arrays to lay out his experiments. By combining the orthogonal 

Latin squares in a unique manner, Taguchi prepared a new set of standard orthogonal arrays to be used for a 

number of experimental situations.  This array, designated by the symbol L8, is used to design experiments 

involving up to seven 2-level factors. The array has 8 rows and 7 columns. Each row represents a trial condition 

with factor levels indicated by the number of each row. 

Each column contains four level 1 and four level 2 conditions for the factor assigned to the column. The 

orthogonal array facilitates the experiment design process. To design an experiment one has to select the most 

suitable orthogonal array, assign the factors to the appropriate columns and finally describe the combinations of 

the individual experiments called the trial conditions. The table identifies the eight trials needed to complete the 

experiment and the level of each factor for each trial run. The experiment descriptions are determined by 

reading numerals 1 and 2 appearing in the rows of the trial runs. A factorial experiment on the other hand would 

require 27 or 128 runs but would not provide appreciably more information. 

The array forces all experimenters to design almost identical experiments [10]. Experimenters may select 

different designations for the columns but the eight trial runs will include all combinations independent of 

column definition. Thus the orthogonal array assures consistency of design by different experimenters. 

 

5.3 Analysis of Results 

In the Taguchi method, the results of the experiments are analyzed to achieve one or more of the following three 

objectives: 

1. To establish the best or the optimum condition for a product or a process 

2. To estimate the contribution of individual factors 
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3. To estimate the response under the optimum conditions. 

The optimum condition is identified by studying the main effects of each of the factors. The main effects 

indicate the general trend of the influence of the factors. Knowing the characteristic, i.e., whether a higher or 

lower value produces the preferred result, the levels of the factors which are expected to produce the best results 

can be predicted. The knowledge of the contribution of individual factors is a key in deciding the nature of the 

control to be established on a production process. The analysis of variance (ANOVA) is the statistical treatment 

most commonly applied to the results of the experiment to determine the percent contribution of each factor. 

Study of the ANOVA table for a given analysis helps to determine which of the factors need control and which 

do not. 

Once the optimum condition is determined, it is usually a good practice to run a confirmation experiment. It is 

however possible to estimate performance at the optimum condition from the results of experiments conducted 

at a non-optimum condition. Qualitek-4 software is used to easily accomplish experiment design and analysis 

tasks [11, 12]. Qualitek automatically designs experiments based on user-indicated factors and levels. The 

program selects the array and assigns the factors to the appropriate column. For complex experiments a manual 

design option is also included in the software. The program performs three basic steps in the analysis: main 

effect, analysis-of variance and optimum studies. Analysis can be performed using standard or signal-to-noise 

ratios of results for smaller, bigger, nominal or dynamic characteristics. Results can be displayed using pie-

charts, bar charts or trial-data-range graphs. 

 

VI. CONCLUSION 

 

In the design of engineering products and processes, analytical simulation plays an important role by 

transforming a concept into the final product design. The Taguchi‟s approach can be utilized to arrive at the best 

parameters for the optimum design configuration with the least number of analytical investigations. Taguchi‟s 

method is the method that treats factors at discrete levels. Frequently this approach significantly reduces 

computer time. 
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ABSTRACT 

The main objective of the modified slider-crank mechanism is to convert rotary motion into reciprocating 

motion and thus to obtain a “closed curved” motion at the reciprocating end instead of the linear to and fro 

motion. This is done by the modification of the slider-crank mechanism. The “closed curved” motion thus 

obtained can be used to generate useful work. A simple straight, a circular motion or/even an elliptical motion 

from a link of any mechanism is easily achievable. But our approach is to obtain a closed curved motion from a 

rigid link of the mechanism and to study the variations in the dimension and position of the rigid links and 

supports, variations in the shape and size of the closed curve along with the variations in the force, torque, 

angular velocity and angular acceleration associated with the links in the said modification of the slider crank 

mechanism. The above mentioned study of the changes in the obtained curve of the mechanism is done by using 

SAM - the Ultimate Mechanical Designer software and Solidworks-2012 software. One can easily modify the 

dimensions of the links of the mechanism to obtain the desired dimension of the curve thereby using it in useful 

work as need arises.   

 

Keywords : Closed Curvature Motion, Slider-Crank Mechanism, SAM-The Ultimate Mechanical 

Designer Software, Solidworks-2012 Software, Rotary Motion,  Reciprocating Motion, Force, 

Torque, Angular Velocity, Angular Acceleration. 

 

I. INTRODUCTION 

 

The Slider-crank mechanism is used to transform rotational motion into translational motion by means of a 

rotating crank shaft, a connecting rod and a sliding block. This paper is a study on the curves associated with 

certain modifications of the Slider-crank mechanism. The modifications include adding a pivot point to an 

extended connecting rod, so as to obtain a set of closed curves at the extended end for rotational motion of the 

crank, in addition to the orthodox translational motion of the sliding assembly. 

 

II. DESIGN 

2.1 The Modification 

In the modification of the slider-crank mechanism [fig. 1], 1’ is the cylinder of the sliding pair and 1 the pivoted 

crank end [fig. 2]. The piston of the sliding pair i.e. link 4, in case of the basic mechanism is removed in the 

modification; instead the link 3 or the connecting rod in case of the basic mechanism is extended and the 
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connecting rod itself forms the sliding pair with the inside of the cylinder. The fixed cylinder of the basic 

mechanism or the cylinder end of the link1 [i.e. link 1’ in case of the modification] is given a degree of freedom 

so that it can align itself parallel to the connecting rod [link 3] accordingly as the connecting rod moves from 

one alignment to the other due to the rotation of the crank [i.e. link 2]. But the mid portion of the cylinder [link 

1’] is pivoted in such a way that it can oscillate about the pivoted point in the y-direction only and not in the x-

direction and thus can guide the connecting rod by forming a sliding pair with it. The connecting rod may have a 

rigid or non-rigid part attached to it for better lubrication with the cylinder walls for forming the sliding pair, but 

we will not consider it as a separate link rather as a part of the link 3. 

 

Fig 1: Slider Crank Mechanism 

 

Fig 2: Modification of Slider Crank Mechanism 

2.2 The Working 

When the crank rotates, the connecting rod slides inside the lubricating cylinder [link 1’] and the end-point of 

the connecting link will trace a locus, which is a closed curve. The direction of the tracing of the curve will be 

opposite to that of the direction of motion of the crank. That is, if the crank rotates in the clockwise direction, 

then the end of the connecting rod will trace the closed curve on the counter-clockwise direction. The length of 

the major axis [refer fig. 2] of the closed curve will be equal to the diameter of the crank rotation i.e. twice the 

length of the crank. The length of the minor axis, will depend on the position of the pivot of the lubricating 

cylinder and on the length of the connecting rod. The lubricating cylinder will oscillate about the pivot in the 

plane of rotation of the crank thereby guiding the connecting rod to form the closed curve. 

 

2.3 Kinematic Overview of the Design 

The joints used in the modified slider crank mechanism are described below: 

 

Table 1: Description of Joints 
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Fixed joint Revolute joint Prismatic joint 

1 3 1 

Table 2: Description of Motion, Moment and DOF  

Description of degree of freedom and motion of the links for imposed motion is given below: 

Moving Part Revolute joint          Moment  Degree of Freedom 

3 3 2 1 

Table 3: Description of Mass and Length of Links 

Description of the masses associated with the links is given below (assumed): 

Diameter of 

links (m) 

Length of 

link 2 (m) 

Length of 

link 3 (m) 

Gravity 

(m/s
2
) 

Density of material of 

link (kg/m
3
) 

Mass of link 2 

(kg) 

Mass of link 3 

(kg) 

0.03 0.3 2 9.8 7874 (iron) 1.67 11.13 

 

III. ANALYSIS 

 

After analyzing the modified slider crank mechanism in SAM (Synthesis and Analysis of Mechanism) - the 

Ultimate Designer software and Solidworks-2012 software it is found that the shape and size of the obtained 

closed curve depends mainly on two factors viz. the length of the connecting rod and the position of the pivot 

point which are discussed below. During analysis the naming of each links and nodes will be different. As the 

crank will be named is (1) with nodes at 1 and 2 and the connecting rod will be named as (3) with nodes at 2 and 

4. The crank is fixed at point 1 and connecting rod is oscillating at point 3 which being the lubricating cylinder. 

 

3.1 Change in Dimension of Connecting Rod 

The size and shape of the closed curve depends on the length of the connecting rod. In this case, the pivot point 

of the lubricating cylinder is assumed to coincide with the midpoint of the line joining the center of the crank 

rotation circle (O) and the center of the closed curve (O’). It is seen that the curve approaches the shape of a 

circle with the increase of the length of the connecting rod. A curve of an exceptional shape is seen when the 

length of the connecting rod approaches the minimum possible length of the connecting rod which is nearly 

equal to the length of the diameter of the crank rotation circle i.e. twice the length of the crank. At the minimum 

possible length of the connecting rod, the curve traced resembles the shape of an arrow head. The curves formed 

are given below in the decreasing order of the length of the connecting rod [fig 2]. 
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Fig 3: Change in Shape of the Closed Curve with Decreasing Size of Connecting Rod 

 

3.2 Change in Position of the Pivot Point 

The variations of the size and shape of the closed curve with respect to the change in the position of the pivot 

point of the lubricating cylinder can be described as follows: 

3.2.1 Case I  

When the pivot (P) coincides with the midpoint (M) of the line joining the center of the crank rotation circle (O) 

and the center of the closed curve (O’) [line OO’ in fig. 2].  

In this case, the length of the minor axis will be almost equal to the crank radius and the curve formed will be 

almost like the shape of an egg [refer fig. 4]. 
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Fig 4: Lubricating Cylinder (pivot point) at the Midpoint of Line Joining the Centre of the 

Crank Rotation Circle and the Centre of the Closed Curve 

 

Fig 5: Force & Torque Analysis of Crank w.r.t. Time 

 

Fig 6: Force & Torque Analysis of Connecting Rod w.r.t. Time 

 

Fig 7: Angular Velocity & Angular Acceleration of Connecting Rod w.r.t. Time 
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3.2.2 Case II  

When the pivot (P) is towards the right of the mid-point (M) of the line joining the center of the crank rotation 

circle, and the center of the closed curve. 

In this case, minor axis will be shorter in length than obtained in the first case [refer fig. 8]. 

 

Fig 8: Lubricating Cylinder at Right to the Midpoint of Line Joining the Centre of the Crank 

Rotation Circle and the Centre of the Closed Curve 

 

Fig 9: Force & Torque Analysis of Crank w.r.t. Time 

 

Fig 10: Force & Torque Analysis of Connecting Rod w.r.t. Time 
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Fig 11: Angular Velocity & Angular Acceleration of Connecting Rod w.r.t. Time 

3.2.3 Case III 

When the pivot (P) is towards the left of the mid-point (M) of the line joining the center of the crank rotation 

circle and the center of the closed curve. Here again two cases arise as described below: 

3.2.3.1 Case III(a) 

When the pivot (P) is just to the left of the mid-point (M) of the line joining the center of the crank rotation 

circle and the center of the closed curve. 

     In this case, a curve of the shape of an umbrella or an arrow is formed [refer fig. 12]. 

 

Fig 12: Lubricating Cylinder at Left to the Midpoint of Line Joining the Centre of the Crank 

Rotation Circle and the Centre of the Closed Curve 

 

Fig 13: Force & Torque Analysis of Crank w.r.t. Time 
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Fig 14: Force & Torque Analysis of Connecting Rod w.r.t. Time 

 

Fig 15: Angular Velocity & Angular Acceleration of Connecting Rod w.r.t. Time 

3.2.3.2 Case III(b) 

When the pivot (P) is towards extreme left of the mid-point (M) of the line joining the center of the crank 

rotation circle and the center of the closed curve or just near the crank rotation circle. 

     In this case, an exceptional curve is formed. The curve formed has two loops towards the crank side of it  

[refer fig. 16]. 

 

Fig 16: Lubricating Cylinder at Extreme Left (Near Node 2) to the Midpoint of Line Joining the 

Centre of the Crank Rotation Circle and the Centre of the Closed Curve 
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Fig 17: Force & Torque Analysis of Crank w.r.t. Time 

 

Fig 18: Force & Torque Analysis of Connecting Rod w.r.t. Time 

 

Fig 19: Angular Velocity & Angular Acceleration of Connecting Rod w.r.t. Time 

3.2.4 Case IV 

When the pivot point (P) or the lubricating cylinder co-incides with the node 2 then the movement of the entire 

mechanism cease. 
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IV. NOMENCLATURE 

 

FN1(1), FN1(3) : Normal force acting at the mid-point of crank and connecting rod respectively. 

T1(1), T2(1) : Torque acting on crank with respect to node1 and node2 respectively. 

T1(3), T2(3) : Torque acting on connecting rod with respect to node2 and node4 respectively. 

AV(3), AA(3) : Angular velocity and Angular acceleration of the connecting rod. 

 

V. CONCLUSION 

 

All the above three cases can be used to obtain useful work but in comparison, the case I and case II will be 

more useful. 

In the process of crank rotation, the mechanism or the end point of the connecting rod will exhibit higher 

velocity for the part on right i.e. the outer part of the closed curve in comparison to the left part during the 

formation of the closed curve. 
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ABSTRACT 

The present study has been undertaken to examine the perception of employees regarding the HRD mechanism 

that exist in Indian telecom sector and to analyze the impact of HRD mechanism over the organizational 

commitment of employees. The hypotheses were formulated to test the relationships between the independent 

variables and the dependent variable. Questionnaires reliability was computed through the Cronbach's Alpha. 

The sample of the study consisted of 150 employees of Private Sector Telecom Company. Analysis of data was 

performed by SPSS software with t-test and regression analysis. The results of the study reveal a positive impact 

of HRD mechanism over Organizational Commitment of employees. 

 

Keywords: HRD Mechanism, Organizational Commitment, Participative Management, Telecom, 

Training and Development. 

 

I. INTRODUCTION 

 

Since liberalization, Indian Telecommunication sector is one of the few sectors, which has perceived the most 

fundamental, structural and institutional restructurings. Telecom Industry in India has registered an exceptional 

growth during last few years, propelled largely by the unprecedented growth of the mobile telephony and 

infrastructure which not only is beneficial for the telecom sector but has a multiplier effects over the entire 

economy. Over the years, organizations worldwide are becoming cognizant with the prominence of human 

resource. Competent workforce has been treated as the most strategic asset in the organization. This realization 

has highlighted the significance of HRD mechanism and its implementation in organizations. An organization 

can rise only up to the level its people can take it to because HRD associates the growth of the organizations 

with the development of its employees. To be a survivor in the present scenario of cut-throat competition, the 

organizations have to develop some appropriate HRD strategies to manage their work force in an organized 

manner and align their potential with that of their corporate missions and objectives.  

With the advent of globalization and technological advancement, the market conditions have witnessed 

miraculous changes, and coping up with those changes along with rising expectations of the employees, and 

changes in management systems, have necessitated the researcher to focus the emphasis upon the presence and 

working of Human Resource Development (HRD) practices in the organization. Since the human resource is the 
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most important and indeed an essential imperative for an organization to prosper and grow, their development is 

certainly an issue of concern for the management of any organization who retain them. 

 

II. LITERATURE REVIEW 

2.1 HRD Mechanism and Practices 

HRD as an activity is extremely significant in achieving organizational excellence i.e. to excel with people, 

process and performance. A review of some of the important studies conducted by various Researchers in this 

field in various sectors and industries has been taken into account to overview the work done in this direction. 

Jain (1996) [1] in his publication threw light over the impact of HRD policies and practices in increasing 

Organizational Effectiveness and in development of a cohesive HRD climate. Mufeed and Rao (2003) [2] made 

an attempt in their study to enlighten various aspects of HRD that have been practicing in the Indian 

organizations. The authors undertook a study in Grasim Industries (Bhiwani textiles) and had developed an 

illustrative model which could link the HRD mechanism of both the managerial and non-managerial processes, 

outcomes and organizational effectiveness. Patel and Iyer (2004) [3] studied the importance of HRD practices in 

a Pharmaceutical industry. In this context he undertook a survey of 125 respondents in 8 Pharmaceutical 

companies from different parts of Gujarat. The study reveals that in all the 8 companies, human resource has 

been treated well and the employees working therein feels motivated and could see a better scope for acquiring 

new skills and developing their existing knowledge. There exists a healthy sign of team spirit and co-operation 

among the employees, which enable them to exhibit their capabilities in an organized manner. Kumar (2005) [4] 

pinpointed in his research paper that for the development of any organization the value and importance of 

employees has to be identified and appreciated. The philosophy of top management plays a significant role in 

generating dyadic relationship in any organization. 

Mufeed and Rafai (2005) [5] review the present HRD scenario in organizational context and also identified 

those factors which are responsible for dissatisfaction regarding the practice of HRD mechanism among 

employees at different levels in an organization. Hassan et.al. (2006) [6] investigates the employees' perception 

of human resource development (HRD) practices, to explore whether ISO certification leads to any 

improvements in HRD system, and to examine the role of HRD practices on employees' development climate 

and quality orientation in the organization. Results of the study indicated large inter-organizational differences 

in HRD practices. Rabbanee et.al (2008) [7] highlighted the issue of globalization and its impact over the 

development of human resource in developing countries. They focused on a number of outcomes of 

globalization promoting human development. Mane (2010) [8] did a study that highlighted the loopholes in the 

HRD practices that are found to be prevalent in the private sector milk processing organizations in Western 

Maharashtra. The author employed the Kolmogorov – Smirnov‟s „D‟ test, to test the set Hypothesis and validity 

of the results. The findings of the study pinpoints that the HRD practices in these organizations are found to be 

at an infant stage and need to be developed on scientific lines. Al-Kahtani & Khan (2014) [9] carried out an 

empirical study in private sector telecom industry regarding the HRD practices in Saudi Arabia among the 

employees of Mobily at managerial and non-managerial level. The study brings out the existing picture of HRD 

practices in Private Sector Telecom Company and offers suggestions to improve the pace of such practices.  
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2.2 Organizational Commitment 

Employee‟s affiliation with organization is regarded as organizational commitment. Some of the available 

relevant literature has been discussed below to have an insight of the previous work done on the subject. 

Angle & Perry (1991) [10] undertook a study to determine the effect that organizational commitment had on 

turnover.  The participants included 1,244 bus drivers.  Findings revealed a negative relationship between 

turnover and organizational commitment. In short, employees who intended to leave the job were not committed 

to the organization. Somers & Birnbanm, (1998) [11]  studied the relationship of work related commitment and  

input on employee  job performance, however their  findings  suggested  that  career  commitment  is positively  

related  to  job performance but no relationship existed between organizational commitment and job 

performance. Both affective and normative commitments were found unrelated to job performance. Kitchard  

and  Strawser  (2001) [12] proposed  that  satisfied  employees  develop  high affective  commitment  for  their  

firm.  Luthans  (2006), [13] explored  organizational  commitment  as  the  desire  to  be  a  member  of  an 

organization  and  not  to  complain  about  their  organization. Falkenburg & Schyns (2007) [14] examined a 

study to focus on the complex relationship of work satisfaction, organizational commitment and withdrawal 

behaviors. The study reveals moderating effects of work satisfaction and organizational commitment over 

withdrawal behaviors. Combined pattern of attitudes were recommended to obtain desired results. ARUȘTEI, 

C.C (2013) [15] carried out a study in hotel industry and suggested through their study that Organizational 

performance can be achieved through development of employees‟ Organizational Commitment. Memari.et.el 

(2013) [16] concludes from their study that there exists a positive relationship between organizational 

Commitment and Employee Job performance. However out of the three dimensions of Organizational 

Commitment, Normative Commitment has a positive and significant correlation with job performance.  

Ahmad et.al.(2014) [17] conducted a study taking employee satisfaction as a dependent variable and 

Organizational Commitment and Employee performance as an independent variables for investigation among 

the employees in banking sector. Results have been derived by employing Coefficient of Correlation, 

Regression analysis and ANOVA techniques for data analysis purposes that shows a positive relationship 

among the variables. Mishra & Rani (2014) [18] carried out an empirical study to find out the relationship 

between Organizational Commitment and Employee retention in call centers and public sector banks. The 

results revealed that Organizational commitment will reduce the employee turnover and increase the employee 

retention in an organization. 

 

2.3 Research Gap 

The foregoing literature clearly brings into light that a number of studies have been put forward by several 

authors regarding the HRD practices and mechanism at different levels of management in organizations. 

Various studies have been put forward for moderating the employees performance, employee retention/turnover, 

job satisfaction taking Organizational Commitment as one of the independent variable but no study has been 

found which diagnose the factors leading to Organizational Commitment this provides at the disposal of the 

Researcher to assess the research gap for the present construct. Hence, the present study has been designed to 

look towards the analysis of HRD mechanism practiced by private sector Telecom Company and further to 

assess the impact of HRD mechanism over Organizational Commitment of employees. 
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III.  SIGNIFICANCE OF THE STUDY  

 

This research study will certainly highlight several areas where the policy makers in private sector telecom 

companies need to work upon. The dimensions chosen for study are categorized with a comprehensive approach 

that would cover almost all the aspects of HRD practices. The conclusions of the study would be a great source 

of literature to sort out some of the undesirable issues that are likely to crop up in the formulation and 

implementation of such HRD policies and practices.   

 

IV. OBJECTIVES OF THE STUDY 

 

 To study the perception of employees regarding HRD mechanism being followed in Private sector telecom 

companies in India. 

 To study the impact of HRD mechanism on employee‟s Organizational commitment in the private sector of 

the telecom industry. 

 

V. RESEARCH METHODOLOGY 

5.1 Statistical Tools 

 For analyzing the results of the HRD mechanism, the dimension wise Mean and Standard Deviation have 

been calculated to know the nature of distribution of the dimensions selected. 

 To further determine the veracity of the results obtained, t-test has been applied to find out the significant 

difference for HRD mechanism.  

 Regression Analysis is performed through SPSS to analyze the impact of such HRD practices over 

Organizational Commitment of employees. 

 

5.2 Research Instrument 

A self-designed HRD questionnaire and the Organizational Commitment Scale (OCS) (Meyer & Allen 1997) 

have been administered among the employees of Reliance Communication from 14 branches at Aligarh, 

Rampur and Moradabad districts in Uttar-Pradesh (UP). The questionnaires were circulated to 150 employees in 

total out of which only 113 questionnaires were returned by the respondents. However, only 101 respondent‟s 

responses were found fit for the analysis purpose.  

 

5.3 Reliability Test 

To check the reliability of the instrument employed, Cronbach‟s Alpha Test was applied and the results for all 

the dimensions bifurcated were tested and exhibited through Table 1 and Table 2 for HRD Mechanism and 

Organizational Commitment respectively. 
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Table 1: Result of Cronbach’s Alpha for HRD Mechanism Questionnaire 

Variables Cronbach’s Alpha 

Value 

No. of items 

Quality of Work life & Welfare measures (QWL) 0.770 9 

Organizational Development(OD) 0.741 9 

Training & Development(TD) 0.803 4 

Performance Appraisal & Rewards(PAR) 0.731 4 

Participative Management (PM) 0.786 6 

       Source: Primary data Collected 

TABLE 2: Result Of Cronbach’s Alpha For Organizational Commitment Questionnaire (Ocq) 

Variables Cronbach’s Alpha 

Value 

No. of items 

Affected Commitment 0.642 6 

Continuance Commitment 0.707 6 

Normative Commitment 0.711 6 

       Source: Primary data Collected 

 

5.4 Hypotheses of the Study 

To attain the objectives of the construct following two major hypotheses have been formulated. 

Ho1: There exists no significant difference in the perception of employees regarding HRD Mechanism in 

Reliance Communication limited.  

Following sub-hypotheses emerges out to diagnose the presence of HRD mechanism (in the light of five 

selected dimensions) in Reliance Communication Limited. 

H01.1: There exists no significant difference among the employees of Reliance Communication Limited 

regarding Quality of Work life and Welfare measures. 

H01.2: There exists no significant difference among the employees of Reliance Communication Limited 

regarding Organizational Development. 

H01.3: There exists no significant difference among the employees of Reliance Communication Limited 

regarding Training and Development. 

H01.4: There exists no significant difference among the employees of Reliance Communication Limited 

regarding Performance Appraisal and Reward practices. 

H01.5: There exists no significant difference among the employees of Reliance Communication Limited 

regarding Participative Management practices. 

Ho 2: There is no positive impact of HRD Mechanism over Organizational Commitment of employees in 

Reliance Communication limited. 

 

VI. RESULTS & DISCUSSIONS 

 

The results for Ho1 obtained by the application of Statistical tools like Mean, Standard deviation and T-test for 

the hypotheses of the study has been discussed in the following segment. The category wise mean scores of the 
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total sample size of 101 employees are exhibited in the Table 3. Since  the  questionnaire  used  5  point  scale,  

average  mean  score  of  3  around  indicate  a moderate  tendency  on  that  dimension.  Scores  around  4  

indicate  a  fairly  good  degree  of existence. Mean score for the first dimension of HRD Mechanism i.e. Quality 

of Work life & Welfare measures (QWL) retrieved to be at 2.46 which indicates that the Organizations need to 

adopt a strategy that could improve the employee‟s quality of work life to satisfy both the organizational 

objectives and employee needs. The employees need to be treated more humanely and in a friendly manner 

which could inculcate in them a sense of responsibility and trust. Open communications, equitable reward 

systems, healthy and congenial working conditions and a friendly environment i.e. free from any kind of 

bureaucracy will impact the performance of employees positively. Moreover, job rotation should be done and 

appropriate job description should be given to the employees.  

The result of the Mean score for Organizational Development dimension (2.61) indicates that the culture and 

beliefs of the top management is somewhat positive and flexible. A little more strong support from top-level 

managers should be provided to the employees of the company, by understanding their issues, by having open 

discussions, by encouraging employees to offer new and creative ideas for work, by promoting cooperation and 

team-spirit in the organization. Training and development measure with a Mean Score (2.70) is found to be 

satisfactory, but it can further be developed if the top level management tries to find out the ambiguities of the 

employees by developing proper communication with them and observing their performances. Special training 

programmes should be undertaken for developing a professional cadre of managers in the various functional 

areas of management. Further, Table 3 shows the results of Performance Appraisal & Rewards (PAR) with a 

Mean Score (4.01) depict the satisfactory status of the practices adopted by the organization and management in 

this regard. The employees of Reliance Communication limited have responded in favor of the policy of their 

organization in terms of rewarding and appreciating the caliber and performance of the work force. Participative 

management practices addresses the relationship between the organization and its workers and stakeholders, 

thus it highlights that the management delegate more responsibilities to their juniors, involve the employees in 

discussions of issues and problems of the company and welcome their suggestions and opinions open-heartedly. 

A mean score (3.09) reveals a good picture of the attitude of top management with their subordinates, colleagues 

and juniors.  

Table 3: Mean and S.D Values for HRD Dimensions 

Variables Mean Std. Dev 

Quality of Work life & Welfare measures (QWL) 2.46 0.61 

Organizational Development(OD) 2.61 0.84 

Training & Development(TD) 2.70 0.51 

Performance Appraisal & Rewards(PAR) 4.01 0.75 

Participative Management (PM) 3.09 0.55 

Sample size (N) = 101 

      Source: Primary data Collected 

 

6.1 Results for T-Test 

Since the probability of error is < .05, thus the analyst has rejected the null hypothesis of no difference and 

concludes that there is a significant difference in the perception of employees regarding HRD Mechanism in 
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Reliance Communication limited. The policy makers of the organization should focus more on reframing their 

HRD policies so as to make their workforce more comfortable with the workplace as in the present scenario it‟s 

very important to retain the best talents along with recruiting it in the organization. 

 

Table 4: T-Test Result for Overall HRD Mechanism  

Test value = 5 

 t  df Sig.(2-tailed) Mean 

Difference 

95 % Confidence 

Interval of the Difference 

  

HRDM 2.6974 100 .000 2.8508 2.7853 2.9163 

       Source: Primary data Collected 

 

6.2 Results for Regression Analysis 

The result in Table 5 shows the regression beta coefficient for each dimension of HRD Mechanism. The most 

crucial dimensions are Performance Appraisal & Rewards (PAR) and Training & Development (TD) 

respectively with 0.143 and 0.141 values. Commitment of employees are highly affected with the reward and 

appraisal system as nowadays monetary benefits are not the only factor that influence people to continue their 

job at a workplace, but there are several other non-monetary factors that have a positive impact over loyalty 

phenomena of the employees. The other dimensions also resulted in positive values which highlights that there 

exists a positive impact of HRD Mechanism over Organizational Commitment of employees‟ in Reliance 

Communication limited. Therefore Ho 2 also stands rejected.   

TABLE 5: Results of Standardized Regression Weights 

          Dependent Variable                                         Independent Variable Beta 

Coefficient 

Organizational Commitment (OC)           Quality of Work life & Welfare Measures (QWL) .034 

Organizational Commitment (OC)              Organizational Development (OD) .059 

Organizational Commitment (OC)              Training & Development (TD) .141 

Organizational Commitment (OC)               Performance Appraisal & Rewards (PAR) .143 

Organizational Commitment (OC)               Participative Management (PM) .064 

 Source: Primary data Collected 

 

VII. LIMITATIONS OF THE STUDY  

 

 Despite of the entire solemn effort made by the Researcher to educe required data on HRD mechanism and its 

impact over organizational commitment in telecom sector employees, it is subject to certain limitations due to 

the fact that the data is based on individual opinion, which may bring in some bias. Moreover the study has been 

conducted in some selected cities of Uttar-Pradesh due to constraint of time and the sample size is confined to 

the responses of 101 employees only; therefore, the conclusions drawn cannot be generalized for all the private 
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sector telecom companies in India. In addition to this, most of the respondents were reluctant in expressing their 

opinion freely without any hesitation and showing lack of interest in responding. This has its own impact to 

certain extent over the validity of the conclusions drawn. Further, the opinion of some of the employees turns 

out to be influenced by their peer employees or superiors which might lead to their neutral response to a large 

extent for several statements.  

 

VIII. CONCLUDING REMARKS 

 

Organizational  Commitment  is  a  type  of factor  which  develops  a  feeling  of  individual (Intellectually  &  

emotionally)  to  be  loyal towards  organizational  work  in  context of  the criteria  which  is  a requisite  to 

perform a particular work.  It  is  also  a  trait  in  term of  the  loyalty, dedication & honesty which binds 

individual to a particular  course  of  action  or  organization. Findings of the study indicates that HRD 

mechanism is a very significant phenomena as it does have a positive impact over the organizational 

commitment of employees and the top management  and the policy makers should look upon various 

development issues and concerns of their work force to retain them and motivate them for achieving 

organizational goals. Organizational Commitment levels were initially measured as representing: affective 

commitment, continuance commitment and normative commitment. The  organization  should  create  an 

organizational  culture  that  ensures  the development  of  affective  commitment.  If the organization fails to do 

so, it will affect overall organizational commitment.   
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