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ABSTRACT 

A Built-in self test techniques constitute a class of schemes that provide the capability of performing at speed testing 

with high fault coverage, whereas simultaneously they relax the reliance on expensive external testing equipment. 

Hence, they constitute an attractive solution to the problem of testing VLSI devices. BIST techniques are typically 

classified into offline and online. Input vector monitoring concurrent built-in- self test schemes perform testing 

during the normal operation of the circuit without imposing a need to set the circuit offline to perform the test. In 

this brief, a concurrent BIST Architecture scheme, which is based on the idea of monitoring a set of vectors reaching 

the circuit inputs during normal operation, and the use of a static-RAM like structure to store the relative locations 

of the vectors that reach the circuit inputs in the examined window; the proposed scheme shows the low power 

consumption than previously proposed schemes with respect to the hardware overhead and CTL (time required to 

complete the test) tradeoff.  

Keywords: Built-In Self-Test, Design for Testability, Testing 

 

I INTRODUCTION 

Built-In- Self Test (BIST) techniques constitute an attractive and practical solution to the problem of testing VLSI 

circuits and systems. BIST techniques are classified into offline and online. Offlinearchitectures operate in either 

normal mode or test mode.During test mode, the inputs generatedby a test generator module are applied to the inputs 

of the circuitunder test (CUT) and the responses are captured into a responseverifier (RV). Therefore, to perform the 

test, the normal operation ofthe CUT is stalled and, consequently, the performance of the system in which the circuit 

is included, is degraded.To avoid this performance degradation,input vector monitoring concurrent BIST techniques 

have been proposed which exploit input vectors arriving at the inputsof the CUT during normal operation. 

BIST uses a Test Pattern Generator(TPG)to generate thetest patterns which are applied to the inputs of the Circuit 

UnderTest (CUT).The block diagram of an input vector monitoring concurrentBIST technique is presented in Fig. 1. 

The CUT is combinational ,has inputs and outputs, and is tested exhaustively; hence, the test set size is . The 

technique can operate in one out of two modes, normal and test mode. 
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Fig.1 Input vector monitoring concurrent BIST architecture. 

During normal mode, the CUT inputs, denoted byare driven from the normal input vector (A[n:1]). A is alsodriven 

to the Active test set Generator and Comparator(AGC),where it is compared to a set of active test vectorscalled 

active test set. If it is found that A matches one of the active testvectors, we say that a hithas occurred, or that the 

input vector(A) has performed a hit. When a hit occurs, A is removed fromthe active test set, and the Response 

Verifier (RV)captures theCUT response to the input vector. When all input vectors haveperformed a hit, the contents 

of the Response Verifier are examined,in order to take a decision as to whether a fault has occurredin the CUT. 

 

II. PROPOSED SCHEME 
 

Let us considera CUT with  n inputs. The number of the possible input vectors for this CUT is N = 2
n
. The proposed 

scheme is based on the idea of monitoring a window of vectors, whose size is W, with W= 2w,where wis an integer 

number w <n. Every moment, the test vectors belonging to the window are monitored, and if a vector performs ahit, 

the RV is enabled. The number of test vectors which we want to monitor in parallel is K , the number of the words 

of the RAM we utilize (for practical reasons, K is chosen to be a power of 2, i.e.K = 2
k
). The bits of the input vector 

are separated into two distinctsets comprising wand kbits, respectively, such thatw + k = n. The k (high order) bits of 

the input vector show whetherthe input vector belongs to the window under consideration.  
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Fig. 2 Proposed Architecture 

The wremaining bits show the relative location of the incoming vector inthe current window. If the incoming vector 

belongs to the current window and has not been received during the examination of thecurrent window, we say that 

the vector has performed a hit and theRV is clocked to capture the CUT’s response to the vector. Whenall vectors 

that belong to the current window have reached the CUTinputs, we proceed to examine the next window. 
 

2.1. Modified Decoder 

The proposed schemeuses a modified decoder (denoted as m_dec in Fig. 3) and a logic module based on a static-

RAM (SRAM)-like cell, as will be explainedshortly.The design of the m_dec module for w = 3 is shown in Fig. 

3and operates as follows. When test generator enable (tge) is enabled ,all outputs of the decoder are equal to one. 

When comparator (cmp)is disabled (and tge is not enabled) all outputs are disabled. Whentge is disabled and cmpis 

enabled, the module operates as a normal decoder structure. 

.  

Fig. 3 Modified decoder design used in the proposed architecture 
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2.2. Design Method 

 

Fig. 4 Proposed Architecture for n=5,w=3,k=2 

 

The module implementing the idea is shown in Fig. 4. It operatesin one out of two modes, normal, and test, 

depending on the value of the signal T/N. When T/N= 0 (normal mode) the inputs to the CUT are driven by the 

normal input vector .The inputs of the CUT are also driven to the CBU asfollows: the k (high order) bits are driven 

to the inputs of a k-stage comparator; the other inputs of the comparator are driven by the outputs of a k-stage test 

generator TG.During test mode, the inputs to the CUTare driven from the CBU outputs denoted TG[n:1]. The 

concurrent test latency (CTL) of an input vector monitoring scheme is the mean time (counted either in number of 

clock cycles or time units)required to complete the test while the CUT operates in normal mode. 

 

2.3. Logic Module 

Every moment, each SRAM word monitors an active testvector, depending on the RAM’s address and contents. 

Whenthis vector appears, the word’s contents change (increase),therefore another active test vector is monitored by 

this word.Each SRAM word consists of w+1  cells, where w = n – k .The w (low order) bits are utilized to monitor 

the active test set, while the high order bit is used as an overflow indicator, toindicate whether all active test-vectors 

which correspond to that word have arrived or not.The module labeled logic in Fig. 4 is shown in Fig. 5.It comprises 

W cells (operating in a fashion similar to then SRAM cell), a sense amplifier, two D flip-flops, and a w-stagecounter 

(where w = log2W). 

 The overflow signal of the counterdrives the tge signal through a unit flip-flop delay. The signals clk_andclock (clk) 

are enabled during the active low and high of theclock, respectively. In the sequel, we have assumed a clock that 

isactive during the second half of the period, as shown in Fig. 5. 
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Fig. 5 Design of the logic module. 

In the sequel, we describe the operation of the logic module,presenting the following cases: 1) reset of the module; 

2) hit of avector (i.e., a vector belongs in the active window and reaches theCUT inputs for the first time); 3) a 

vector that belongs in the currentwindow reaches the CUT inputs but not for the first time; and 4) tgeoperation (i.e., 

all cells of the window are filled and we will proceedto examine the next window). 

 

2.4. Reset of the Module 

At the beginning of the operation, the module is reset through theexternal reset signal. When reset is issued, the tge 

signal is enabledand all the outputs of the decoder (Fig. 3) are enabled. Hence, DA1,DA2, . . . , DAW are one; 

furthermore, the CD_ signal is enabled;therefore, a one is written to the right hand side of the cells and azero value 

to the left hand side of the cells. 

 

2.5. Hit of Vector 

During normal mode, the inputs to the CUT are driven from thenormal inputs. The n inputs are also driven to the 

CBU as follows :thew low-order inputs are driven to the inputs of the decoder; the khigh-order inputs are driven to 

the inputs of the comparator. When a vector belonging to the current window reaches the inputs of the CUT, the 
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comparator is enabled and one of the outputs of the decoder is enabled. During the first half of the clock cycle (clk_ 

and cmp are enabled) the addressed cell is read; because the read value is zero, the wstage counter is triggered 

through the NOT gate with output theresponse verifier enable (rve) signal.  

 

2.6. TGE Operation 

When all the cells are full (value equal to one), then the valueof the w-stage counter is all one. Hence, the activation 

of the rvesignal causes the counter to overflow; hence in the next clock cycle(through the unit flop delay) the tge 

signal is enabled and all the cells(because all the outputs of the decoder of Fig. 3 are enabled) are setto zero. 

When switching from normal to test mode, the w-stage counter isreset. During test mode, the w-bit output of the 

counter is applied tothe CUT inputs. The outputs of the counter are also used to address acell. If the cell was empty 

(reset), it will be filled (set) and the RV willbe enabled. Otherwise, the cell remains full and the RV is not enabled. 

 

III. SIMULATION ENVIRONMENT 

The proposed Architecture circuits have been simulated using Xilinx 13.2 tool.Xilinx 

ISE(Integrated Software Environment) is a software tool produced by Xilinx for synthesis and analysis 

of HDL designs, enabling the developer to synthesize (compile) their designs, perform timing analysis, examine 

RTL diagrams, simulate a design's reaction to different stimuli, and configure the target device with 

the programmer.      

 

Fig. 6 Input Output Waveform of Input Vector Monitoring Concurrent BIST 
 

IV. CONCLUSION 

Input vector monitoring concurrent BISTschemes perform testing during the circuit normal operation without 

imposing a need to set the circuit offline to perform the test, therefore they can circumvent problems appearing in 

http://en.wikipedia.org/wiki/Xilinx
http://en.wikipedia.org/wiki/Hardware_description_language
http://en.wikipedia.org/wiki/Logic_synthesis
http://en.wikipedia.org/wiki/Static_timing_analysis
http://en.wikipedia.org/wiki/Register_transfer_level
http://en.wikipedia.org/wiki/Programmer_(hardware)


International conference on Science, Technology and Management                             ICSTM-2015                                                                                                       

YMCA, New Delhi (India), 1 Feb 2015                                                     www.conferenceworld.in 

1417 | P a g e  
 

offline BIST techniques. The evaluation criteria for this class of schemes are the hardwareoverhead and the 

CTL,i.e.,the time required for the test to complete,while the circuit operates normally. In this brief, a  concurrent 

BIST architecture for online testing has beenpresented, based on the use of a SRAM-cell like structure for storing 

the information ofwhether an input vector has appeared or not during normal operation.The proposed scheme is 

shown to be more efficient than previouslyproposed input vector monitoring concurrent BIST techniques. 
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ABSTRACT 

Power consumption and reduced area is one of the most important design objectives in integrated circuits. As 

adders are the most widely used components in such circuits, the adders must be design efficiently. This paper 

proposes the simple and efficient approach to reduce the maximum power consumption and area. Based on the 

idea of sharing two adders used in Carry Select Adder a new design of a low-power high performance adder is 

presented. In the regular Carry Select Adder one of the Ripple Carry Adder is replaced by Binary Excess Code-

1 and further BEC-1 is replaced by carry selection and carry generation unit. The result analysis shows that the 

proposed structure is better than the conventional CSLA. 

  

Keywords:  Adder, Carry Select Adder (CSLA), Modified CSLA (MCSLA), Square Root CSLA 

(SQRT CSLA). 

 

I INTRODUCTION 

There are different entities that one would like to optimize when designing a VLSI circuit. These entities can 

often not be optimized simultaneously, only improve one entity at the expense of one or more others. The design 

of an efficient integrated circuit in terms of power, area and speed simultaneously, has become a very 

challenging problem. Power dissipation is recognized as a critical parameter in modern VLSI design field. The 

objective of adder is to provide a physically compact, high speed and to consume low power. To save significant 

power consumption of a VLSI design, it is a good direction to reduce its total power. Adders are used to 

calculate addresses, table indices, and similar operations. Recent trends in VLSI are moving towards the need of 

adders, which consumes low power. Design of area- and power-efficient high speed data path logic systems are 

one of the most substantial areas of research in VLSI system design. In digital adders, the speed of addition is 

limited by the time required to propagate a carry through the adder. 

In many computers and other kind of processors, adders are not only used in the arithmetic logic unit, but also in 

other parts of the processor, where they are used to calculate addresses, table indices and similar applications.  

Adders are also used in multipliers, in high speed integrated circuits and in digital signal processing to execute 

various algorithms like FFT, IIR and FIR. Now a days, design of low power, area efficient high speed data path 

logic systems are the most substantial areas in the research of VLSI design.  



International conference on Science, Technology and Management                             ICSTM-2015                                                                                                       

YMCA, New Delhi (India), 1 Feb 2015                                                     www.conferenceworld.in 

1419 | P a g e  

 

II PAPER CONTRIBUTION 

In this paper high speed Carry Select Adder is designed to   perform the fastest addition operation. In the ripple 

carry adder „N‟ bit number is added but one of the disadvantage is delay is increased. In the next stage to 

overcome this problem the conventional Carry Select Adder and regular Carry Select Adder is designed to 

perform the fastest addition.  

The proposed Carry Select Adder is designed using carry selection unit and carry generation unit. It reduces area, 

power and delay when compared to existing Carry Select Adder. 

 

III PRELIMINARIES 
 

3.1 Types of Carry Select Adder 

The number of bits in each carry select block can be uniform, or variable. When variable case, the block size 

should have a delay, from addition inputs A and B to the carry out, equal to that of the multiplexer chain leading 

into it, so that the carry out is calculated just in time. The delay is derived from uniform sizing, where the ideal 

number of full-adder elements per block is equal to the square root of the number of bits being added, since that 

will yield an equal number of multiplexer delays. The two types of Carry Select Adder they are Uniform sized 

adder and Variable sized adder. In the Uniform sized adder there are two types they are conventional Carry Select 

Adder and modified Carry Select Adder.   

 

3.2 Ripple Carry Adder 

Ripple Carry Adder consists (RCA) of cascaded “N” single bit full adders. Output carry of previous adder 

becomes the input carry of next full adder. Therefore, the carry of this adder travel longest path called worst 

case delay path through N stages. Fig. 1 shows the block diagram of ripple carry adder. The value of N 

increases, delay of adder will also increase in a linear way. Therefore, ripple carry adder has the lowest speed 

amongst all the adders because of large propagation delay but it occupies the least area. 

 

 
Fig.1 Ripple Carry Adder 
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3.3 Conventional Carry Select Adder 
 

The conventional Carry Select Adder provides away to get around this linear dependency is to anticipate all 

possible values of input carry i.e. 0 and 1 and evaluate the result in advance as shown in Fig.2. Once the original 

value of carry is known, result can be selected using the multiplexer stage. Therefore the conventional Carry 

Select Adder makes use of Dual ripple carry adder to generate the partial sum and carry by considering input 

carry Cin=0 and Cin=1, then the final sum and carry are selected by multiplexers. 

 
 

Fig.2 16-bit Conventional Carry Select Adder 
 

3.4  Modified Conventional Carry Select Adder 

 

In the Modified conventional Carry Select Adder basic idea of this work is to use Binary to Excess- 1converter 

(BEC) instead of ripple carry adder with Cin=1 in order to reduce the area and power as shown in Fig.3 and logic 

diagram using multiplexer is shown in Fig.4. Binary to Excess- 1converter (BEC) uses less number of logic gates 

than N-bit full adder structure. To replace N-bit ripple carry adder, an N+1 bit Binary to Excess- 1converter 

(BEC) is required.  
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Table.1 Truth table of 4-bit Binary to Excess-1 logic 

 

 
 

 

Therefore Modified Conventional Carry Select Adder is shown in Fig.5 has low power and less area than 

conventional Carry Select Adder. 

 

 
Fig.5 16-bit   Modified Conventional Carry 

 Select Adder 
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3.5 Regular SQRT Carry Select Adder 

 

In regular Carry Select Adder there is only one RCA to perform addition of the least significant bits [1:0] as 

shown in Fig.6. The remaining bits, the addition is performed by using a two ripple carry adders in order to 

perform calculation twice one time with the assumption of carry being zero and other assuming carry one, then 

the final sum and carry are selected by the multiplexer (mux). Group 2 to group 5:- In a group, there are two 

RCA that receive the same data input but different cin. The upper adder for cin=0, the lower adder a cin=1. The 

cin=0, the sum and carry-out of the upper RCA selected and if cin=1, the sum and carry-out of the lower RCA is 

selected. The cin=0 used one half adder for the 1st bit of that RCA and another bits used full adder. The cin=1 

used full adders. 

 

 
 

Fig.6 16-bit Regular Carry Select Adder 

 

 

3.6 Modified Regular SQRT Carry Select Adder 
 

This architecture is similar to regular 16-bit SQRT CSLA, the only change is that, it used binary to excess-1 

converter (BEC) instead of RCA with cin=1 in the regular CSLA to achieve lower area delay and power 

consumption as shown in Fig.7. The number of bits required for BEC is 1 bit more than the RCA bits. The 

modified SQRT CSLA is also divided into various groups. Each groups having the RCA, BEC and multiplexer. 

The XOR gate in BEC of modified CSLA is replaced with the optimize XOR gate in AOI. The optimize XOR 

gate is used in modified CSLA reduction in no of gates. The advantage of this logic comes from lesser number 
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of logic gates. It has 5 groups of different size RCA. Group 1 contains 2-bit RCA which contains only one ripple 

carry adder which adds the input bits, input carry and result, sum and carry. The 2 bit input of A and B and 1 bit 

input is cin. In modified CSLA there is only one RCA to perform addition of the least significant bits [1:0]. 

 

  
 

Fig.7 16-bit Modified Regular Carry Select Adder 

 

 

IV PROPOSED CARRY SELECT ADDER 

 

The Carry Select Adder has two units: 1) sum and carry generator unit (SCG) and 2) sum and carry selection 

unit. The SCG unit consumes most of the logic resources of CSLA and significantly contributes to the critical 

path as shown in Fig.8. Different logic designs have been suggested for efficient implementation of the SCG 

unit. The SCG unit of the conventional CSLA is composed of two n-bit RCAs, where n is the adder bit-width. 

The logic operation of the n-bit RCA is performed in four stages: 1) half-sum generation (HSG); 2) half-carry 

generation (HCG); 3) full sum generation (FSG); and 4) full carry generation (FCG). Suppose two n-bit 

operands are added in the conventional CSLA, then RCA-1 and RCA-2   generate n-bit sum (s0 and s1) and 

output-carry (c0out and c1out) corresponding to input-carry (cin = 0 and cin = 1). 

 

 
Fig.8 Proposed Carry Select Adder 

The Fig.9 consists of one HSG unit, one FSG unit, one CG unit, and one CS unit. The CG unit is composed of 

two CGs (CG0 and CG1) corresponding to input-carry „0‟ and „1‟. The HSG receives two n-bit operands (A and 
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B) and generate half-sum word s0 and half-carry word c0 of width n bits each. Both CG0 and CG1 receive s0 

and c0 from the HSG unit and generate two n-bit full-carry words corresponding to input-carry „0‟ and „1‟, 

respectively. The logic circuits of CG0 and CG1 are optimized to take advantage of the fixed input-carry bit. 

     
                       Fig. 9(a) HSG                                                         Fig. 9(b) Carry Generation CG0 

 

 
                      Fig.9(c) Carry Generation CG                                             Fig.9(d) Carry Selection Unit 

 

 

Fig. 9(e) FSG 

This work has been developed using Xilinx tool. Table .2 shows the comparison between the various adders like 

conventional CSLA, Modified CSLA, regular SQRT CSLA, modified SQRT CSLA and proposed CSLA for 8-

bit, 16-bit, 32-bit. The comparison is taken for parameters are area, delay and power. Fig.8 shows that the 

proposed CSLA has less number of gates and hence less area.  
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Table.2 Comparison of Adders for Area, Delay, and Power 
 

WOR

D 

SIZE 

ADDER AREA(G

ATE 

COUNT) 

DELAY 

(ns) 

POWER 

(mW) 

8-bit Convention

al (Dual 

RCA) 

204 15.51 96.57 

Modified 

(with BEC) 
165 16.76 89.57 

Regular 

SQRT 

(Dual 

RCA) 

153 12.45 199 

Modified 

SQRT(with 

BEC) 

140 13.50 165 

Proposed 

CSLA 
96 6.60 25 

16-bit Convention

al (Dual 

RCA) 

520 20.11 120 

Modified 

(with BEC) 
410 19.81 94.63 

Regular 

SQRT 

(Dual 

RCA) 

370 17.15 350 

Modified 

SQRT(with 

BEC) 

310 18.77 240 

Proposed 

CSLA 
192 11.90 25 

32-bit Convention

al (Dual 

RCA) 

1040 34.12 110 

Modified 

(with BEC) 
814 30.01 87.14 

Regular 

SQRT 

(Dual0 

RCA) 

710 27.18 530 

Modified 

SQRT(with 

BEC) 

740 33.19 420 

Proposed 

CSLA 
520 24.96 75 

 

V CONCLUSION 

 
The proposed approach will avoid the unwanted addition and thus minimize the power dissipation as well as the 

design structure of the CSLA designed by using  reduced gates gives the low power consumption when 

compared to use of ripple carry adders in carry select adder architecture. Therefore the total power consumption, 

area and delay will be reduced which gives the high speed addition operation and good performance of the 

system.  
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ABSTRACT 

High speed and low Power consumption is one of the most important design objectives in integrated circuits. As 

multipliers are the most widely used components in such circuits, the multipliers must be design efficiently. This 

paper proposes the simple and efficient approach to reduce the maximum power consumption and delay. Based 

on the idea of razor flip flop and adaptive hold logic the timing violations are reduced. In the fixed latency 

usage of clock cycles is increased. The reexecution of clock cycles is reduced by using variable latency. The 

result analysis shows that the reliable multiplier has better performance in power consumption and delay than 

contemporary architectures. 

 

Keywords : Adaptive Hold Logic (AHL), Fixed Latency, Reliable Multiplier, Variable Latency. 

 

I INTRODUCTION 

 

Digital multipliers are among the most critical arithmetic functional units in many applications, such as the 

Fourier transform, discrete cosine transforms, and digital filtering. The throughput of these applications depends 

on multipliers, and if the multipliers are too slow, the performance of entire circuits will be reduced. Traditional 

circuits use critical path delay as the overall circuit clock cycle in order to perform correctly. Hence, the 

variable-latency design was proposed to reduce the timing waste of traditional circuits. The variable-latency 

design divides the circuit into two parts they are shorter paths and longer paths. Shorter paths can execute 

correctly in one cycle, whereas longer paths need two cycles to execute. When shorter paths are activated 

frequently, the average latency of variable-latency designs is better than that of traditional designs.It is well 

known that multipliers consume most of the power in DSP computations. In this paper, we presents low power 

Column bypass multiplier and row bypass multiplier design methodology that inserts more number of zeros in 

the multiplicand and multiplier thereby reducing the number of delay as well as power consumption. The delay 
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and power are reduction are depends on the input bit coefficient. This means if the input bit coefficient is zero, 

corresponding row or column of adders need not be activated.  

II PAPER CONTRIBUTION 

In this paper, a reliable multiplier design with a adaptive hold logic (AHL) circuit is proposed. The multiplier is 

based on the variable-latency technique and can adjust the AHL circuit to achieve reliable operation to reduce 

the error and reexecution of clock cycle. The adaptive hold logic (AHL) circuit  can decide whether the input 

patters requires one or two cycles and can adjust the judging criteria to ensure that there is minimum error 

detection and reexecution of clock cycle. 

 

 

III PRELIMINARIES 
 

3.1 Array Multiplier 
 

The array multiplier is a fast parallel multiplier and is shown in Fig.1 and it consists of (n-1) rows of carry save 

adder, in which each row contains (n-1) full adders. Each full adder in the carry save adder array has two 

outputs they are the sum bit goes down and the carry bit goes to the lower left full adder. The last row is a ripple 

adder for carry propagation. 

 

 
 Fig.1 4*4 Array Multiplier                                                                Fig.2 4*4 Column Bypassing Multiplier  

 

 

3.2 Column Bypassing Multiplier 
 

A column-bypassing multiplier is an improvement of the array multiplier and is shown in Fig.2. A low-power 

column-bypassing multiplier design is proposed in which the full adder operations are disabled if the 

corresponding bit in the multiplicand is zero. Supposing the inputs are 1010 * 1111, it can be seen that for the 

full adders in the first and third diagonals, two of the three input bits are 0 and the carry bit from its upper right 

full adder and the partial product aibi . The multiplicand bit ai can be used as the selector of the multiplexer to 

decide the output of the full adder, and ai can also be used as the selector of the tristate gate to turn off the input 

path of the full adder. If ai is 0, the inputs of full adder are disabled, and the sum bit of the current full adder is 
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equal to the sum bit from its upper full adder, thus reducing the power consumption of the multiplier. If ai is 1, 

the normal sum result is selected. 

 
Fig.2 4*4 Column Bypassing Multiplier                                 Fig.3 4*4 Row Bypassing Multiplier  

 

3.3 Row Bypassing Multiplier 

 
A low-power row-bypassing multiplier is also proposed to reduce the power consumption and use of more clock 

cycles. The operation of the low-power row-bypassing multiplier is similar to that of the low-power column-

bypassing multiplier, but the selector of the multiplexers and the tristate gates use the multiplicator. The design 

of 4*4 row bypassing multiplier is shown in Fig.3. The basic concept is to execute a shorter path using a shorter 

cycle and longer path using two cycles. Since most paths execute in a cycle period that is much smaller than the 

critical path delay, the variable latency design has smaller average latency. Each input is connected to full adder 

through a tristate gate. When the inputs are 1111 * 1001, the two inputs in the first and second rows are 0 for 

full adders. Because b1 is 0, the multiplexers in the first row select aib0 as the sum bit and select 0 as the carry 

bit. The inputs are bypassed to full adders in the second rows, and the tristate gates turn off the input paths to the 

full adders.  

 
             Fig.3 4*4 Row Bypassing Multiplier                                   Fig.4  8-bit RCA with a hold logic circuit. 
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3.4 Variable Latency Design 
 

The variable-latency design was proposed to reduce the timing waste occurring in traditional circuits that use the 

critical path cycle as an execution cycle period cycles as shown in Fig.4.. The basic concept is to execute a 

shorter path using a shorter cycle and longer path using two cycles. Since most paths execute in a cycle period 

that is much smaller than the critical path delay, the variable-latency design has smaller average latency. Fig.4 is 

an 8-bit variable-latency ripple carry adder (RCA). A8–A1, B8–B1 is 8-bit inputs, and S8–S1 are the outputs. 

Supposing the delay for each full adder is one, and the maximum delay for the adder is 8.Through simulation, it 

can be determined that the possibility of the carry propagation delay being longer than 5 is low. Hence, the cycle 

period is set to 5, and hold logic is added to notify the system whether the adder can complete the operation 

within a cycle period. 

 

IV PROPOSED RELIABLE MULTIPLIER 
 

4.1  Proposed  model 

The multiplier architecture, which includes two m-bit inputs (m is a positive number), one 2m-bit output, one 

column- or row-bypassing multiplier, 2m 1-bit Razor flip-flops and an AHL circuit as shown in Fig.5. The 

column- and row-bypassing multipliers can be examined by the number of zeros in either the multiplicand or 

multiplicator to predict whether the operation requires one cycle or two cycles to complete. When input patterns 

are random, the number of zeros and ones in the multiplicator and multiplicand follows a normal distribution. 

Therefore using the number of zeros or ones as the judging criteria results in similar outcomes. Hence, the two 

multipliers can be implemented using similar architecture, and the difference between the two bypassing 

multipliers lies in the input signals of the AHL. According to the bypassing selection in the column or row-

bypassing multiplier, the input signal of the AHL in the architecture with the column-bypassing multiplier is the 

multiplicand, whereas that of the row-bypassing multiplier is the multiplicator. 

 
 

   Fig.5 Multiplier design with Adaptive hold logic                                  Fig.6 Razor Flip Flop 
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4.2 Razor Flip Flop 
 

Razor flip-flops can be used to detect whether timing violations occur before the next input pattern arrives as 

shown in Fig.6. A 1-bit Razor flip-flop contains a main flip-flop, shadow latch, XOR gate, and multiplexer. The 

main flip-flop catches the execution result for the combination circuit using a normal clock signal, and the 

shadow latch catches the execution result using a delayed clock signal, which is slower than the normal clock 

signal. If the latched bit of the shadow latch is different from that of the main flip-flop, this means the path delay 

of the current operation exceeds the cycle period, and the main flip-flop catches an incorrect result. If errors 

occur, the Razor flip-flop will set the error signal to 1 to notify the system to reexecute the operation and notify 

the AHL circuit that an error has occurred.  

 

4.3 Adaptive Hold Logic 
 

The AHL circuit is the key component in variable-latency multiplier. Fig.7 shows the details of the AHL circuit. 

The AHL circuit contains an aging indicator, two judging blocks, one multiplexer, and one D flip-flop. The 

aging indicator indicates whether the circuit has suffered significant performance degradation due to the aging 

effect. When input patterns arrive, the column- or row-bypassing multiplier, and the AHL circuit execute 

simultaneously.  

According to the number of zeros in the multiplicand (multiplicator), the AHL circuit decides if the input 

patterns require one or two cycles. If the input pattern requires two cycles to complete, the AHL will output 0 to 

disable the clock signal of the flip-flops. Otherwise, the AHL will output 1 for normal operations. When the 

column- or row-bypassing multiplier finishes the operation, the result will be passed to the Razor flip-flops. 

 
 

Fig.7 Adaptive Hold Logic 
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Table.1 Comparison Result of Fixed and Variable Latency 
   

WORD SIZE AREA  

(GATE 

COUNT) 

POWER(mW) DELAY(ns) 

  4*4  Column 

Bypassing(fixed) 

590 40 11.165 

 
4*4 Column 

Bypassing(Variable) 

590 40 6.680 

16*16  Column 

Bypassing(fixed) 

12,826 85 12.222 

16*16  Column 

Bypassing(Variable) 

8199 53 6.50 

4*4  Row 

Bypassing(fixed) 

673 40 9.096 

 
4*4  Row 

Bypassing(variable) 

680 40 6.680 

16*16  Row 

Bypassing(fixed) 

13,992 87 10.491 

16*16  Row 

Bypassing(Variable) 

9,069 62 6.500 

  

 In the above Table.1 the fixed latency and variable latency are compared for area, power and delay. In the fixed 

latency the more number of clock cycles are required and due to which the area, power and delay are increased. 

By using proposed adaptive hold logic i.e., in the variable latency the less number of clock cycles are used and 

due to which the error is reduced so that the area, power and delay are reduced in variable latency. 

 

V SIMULATION RESULT 
 

The simulation result of fixed and variable latency for 4*4 and 16*16 column bypassing is shown. 

 

Fig.10 Simulation result of 16*16 fixed latency 
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Fig.11 Simulation result of 16*16 variable latency 

 

VI CONCLUSION 
 

This paper proposed a reliable variable-latency multiplier design with the AHL. In the fixed latency the clock 

cycles is fixed and due to this the timing violations occur. To overcome this problem variable latency is used to 

reduce the delay. The experimental results show that our proposed variable latency design has reduced delay for 

8×8 and 16×16 for column-bypassing multipliers and row bypassing multipliers when compared to fixed latency. 

The delay of 16*16 fixed column bypassing is 12.22(ns) are reduced to 6.50(ns) in variable latency. The delays of 

16*16 fixed row bypassing are 10.49(ns) are reduced to 6.50(ns) in variable latency. The power of 16*16 for 

column bypassing fixed latency is 8.5% is reduced to 5.3% by using variable latency design and same for row 

bypassing fixed latency is 13.9% is reduced to 9% by using variable latency design. As error occurred due to timing 

violations is reduced by proposed reliable multiplier using adaptive hold logic. 
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ABSTRACT 

During a cricket match, commentary keeps the viewers entertained and updated about the game. Quoting relevant 

stories related to the current game scenario makes the game more interesting. But the knowledge of commentator, 

however vast for a human being, is still limited relative to the total set of available stories. A major challenge is to 

narrate the most relevant stories (past incidents) based on the current (never-before-seen) game state. The paper 

proposes a solution which is an AI based approach that will assist the colour commentators in effective storytelling 

that is interesting to the audience, and related to what is actually happening in the game being broadcast. 

  

Keywords: Artificial Intelligence, Colour Commentary, Cricket, Information Retrieval, Story Telling. 

I INTRODUCTION 

Cricket commentary has been a crucially important conduit for linking fans with games, and inculcating them into 

its romance and mythology. Cricket would not be the same without its commentators. They bring fresh and colourful 

insights into the lives of cricket fans.  The main commentator, also called the ball-by-ball commentator is the 

primary speaker on the broadcast. They focus on describing each play or event of an often fast-moving cricketing 

event. The analyst or colour commentator provides expert analysis and background information, such as statistics, 

strategy on the teams and athletes, and occasionally anecdotes or light humor. They are usually former athletes or 

coaches in their respective sports. The term "colour" refers to levity and insight provided by analyst. The most 

common format for a sports broadcast is to have an analyst/colour commentator work alongside the main/play-by-

play announcer.  

One of the great things about broadcasting cricket is that there is time to reflect, to dwell on other things apart from 

the game, because there is always the gap between action and non-action, especially when the fast bowlers are 

operating. It is a wonderful landscape for anyone who wants to enjoy language and technique, giving immense scope 

for colour commentary. It is about telling stories. People remember an anecdote, a moment that is unusual in the 

game. There are a lot of women who follow the game, some do and some don't have the knowledge of it, but listen 

because they are hearing a story, and might be even a few jokes at the same time. 

To narrate such stories, colour commentators need to be experts in the game, having followed it closely for many 

years. Hence, more often than not, they are former cricketers. Even such players reportedly prepare by reading and 

absorbing, interviews with the people in the game, the players occasionally, in the lead-up to the match. The veteran 
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Australian commentator Jim Maxwell explained that he refreshes his memory by looking at a story in the newspaper 

or ESPNcricinfo or wherever to keep backgrounding himself, especially when there are players playing a Test or an 

ODI who he has never seen before. Essentially, colour commentators look to have that kind of information at the 

back of their mind.  

Earlier there used to be a lot more informality in the relationship between the players and the media than there is 

today where their lives are organised, even their dreams, and they have to report back on their wellness. It is hard to 

get close to the players the way commentators used to in the earlier years, where they might just meet up for a chat 

or even go out for dinner.  

 Therefore, in order to assist the colour commetator in bringing out relevant stories during an on-going game without 

involving tedious preparation on his part, the paper aims to test whether an AI approach can be developed that maps 

game states to relevant stories, thereby significantly increasing audiences’ enjoyment of the broadcast. To test this 

hypothesis, an AI system is developed that tells stories in the context of cricket. To do so, the proposed system 

learns offline to connect sports stories to game states, provided with some scored examples of story-game state pairs. 

This learned mapping is then used during cricket games to suggest relevant stories to a (human) broadcast team or, 

in the absence of a broadcast team, to autonomously output a relevant story to the audience.  

 The rest of the paper is organized as follows. Section 2 consists of a summary of related work. Section 3  formulates 

the problem of mapping sports game states to interesting stories and describes the proposed approach – a 

combination of information retrieval techniques designed to rank stories based on a given game state, and then 

ensure the higher-ranked stories are indeed relevant to said game state. Section 4 describes the experimental analysis 

performed to choose a story ranker, and then use this ranker to select stories for cricket broadcasts. Section 5 

evaluates the quality of the story mapping with user studies and demonstrations to professional sports commentators. 

The paper is concluded with a discussion of lessons learned, future research and applications.  

II RELATED WORK 

 

StatSheet [10] and Narrative Science [9] are automated systems which write previews for sports games that have not 

yet happened and summaries about sports games that have already happened. For summaries, they are provided with 

statistics from a completed game and compose a narrative about the game, with the goal being to provide an 

interesting summary of game events. For previews, they are provided with statistics from past games, and compose a 

preview for the game that should entice the reader to watch said game. Neither Statsheet nor Narrative Science 

operates with live game data and both are unable to solve the problem of providing live stories during a game. They 

may, however, provide an additional potential database of stories about past games to augment the current system. 

Many modern commercial sports video games [6][7] use recorded commentary from professional commentators, in 

order to emulate the sounds of actual sports broadcasts. The comments are mainly generic, using pronouns and 

general terms, so that the commentary can be re-used for many games. Storytelling in these games exists, but is 

limited and repeated. Repetition takes away from the entertainment value of the video game, as it is unrealistic and 

boring. 
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Robot World Cup Soccer (RoboCup) [3][4] is a research testbed involving robots playing soccer. There is also a 

RoboCup simulation league, where the games are not physically played, but are simulated on a computer. Both the 

physical and simulation leagues provide researchers with a standard testbed in which to evaluate their AI strategies 

for various goals. In this context, previous work in automated commentary has focused primarily on automated play-

by-play commentary. The system obtains the data from the gameplay’s main features—the player locations and 

orientations, the ball location, and the score. Each system generates natural language templates, filling in player and 

team names where appropriate, then uses text-to-speech software to verbalize the derived commentary. Dynamic 

Engaging Intelligent Reporter Agent (DEIRA) is a similar system, as it performs the same task, but in the sport of 

horse racing.  

Within its live online game summaries, Major League Baseball uses a system called SCOUT [5] (Kory 2012) that 

provides textual analysis of the current game. The viewer is shown information such as the type of pitches thrown 

during an at-bat and the tendencies of the batter with respect to the pitcher. While SCOUT provides some colour, it 

is mostly a statistical summary and currently does not tell stories. 

There are some attempts within these systems to provide colour commentary, but none go as far as to try to 

incorporate storytelling. That is, these systems tackle a problem that is different from what this project is aiming to 

solve—they automate factual commentary with some bias added, but do not implement colour commentary via 

stories. This system could be used in conjunction with each of these automated play-by-play systems to create fully 

automated commentary, featuring both play-by-play and colour. 

III  APPROACH  
 

Fig. 1: Architecture diagram of the proposed system 

 

Figure 1. Architecture Diagram 
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The system’s goal is to retrieve and recommend stories that will aid the color commentator to narrate relevant 

interesting incidents during the course of the game, as the color commentator cannot remember as much stories as 

the system does. Given the game state, the system returns  ranked list of stories, based on how appropriate they are 

for the game state. Steps involved are building the game state vector from the input, training the dataset, ranking the 

features to sort the stories, computation of match quality for every story vector and evaluation of the result based on 

the match quality.   

 

3.1 Training 

The raw input got from the user cannot be given as input to the main ranking algorithm directly. This user input 

should be changed to some form that is similar to the story vectors in the database so that they can be compared 

during the computation stages. So this raw input is processed to obtain a vector of game features. This involves 

addition of extra features from the existing database to construct a complete game vector 'g'.The training of data is 

done through Information Retrieval techniques (IR) and machine learning techniques. The training set T (c,D) is a 

combination of the similarity vector 'c' and the match quality D.  

 To build this training data set, a set of 'n' game state vectors G=(g1,g2...gn) is taken to form a set of n*q similarity 

vectors 'c' for all gi є G and all q story vectors from our story vector library S=(s1,s2....sp). 

 

3.1.1 Similarity Vector Computation 

Instead of giving the input game state and story features separately to the IR algorithms, a connection is made 

between the two and fed as input to the IR algorithms which makes it easier for further computation. This 

connection between the game state and the story features is made by computing a similarity vector for a game state 

specified by feature vector 'g' and a story specified by feature vector 's'. Every component of the similarity vector 'c' 

is computed by comparing one or more features  of 'g' to one or more relevant features of 's'.  

 

3.1.2 Match Quality Computation 

The similarity vector 'c' denotes the degree of relevance of the game state vector 'g' and story vector 's' , but fails to 

give a scalar value for the same. The match quality is an integer scalar value on the 5-point scale from 0 for a 

completely irrelevant match to 4 for an absolute match. Thus, the problem is given a game state g, to retrieve a story 

s of the highest match quality D(g,s). 

 

3.2 Ranking 

AdaRank, a listwise algorithm has been adapted in this paper. AdaRank forms a ―strong‖ ranker by iteratively 

selecting and combining ―weak‖ rankers. A weak ranker uses a single component of the similarity vector to rank 

(i.e., sort) the training data. Each weak ranker has a ―vote‖ on the final ranking, based on how its ordering of over 

the training data was scored according to a chosen IR scoring metric. In AdaRank algorithm, a set of training data T, 

the number of game states m in T, an IR scoring function F, the number of weak rankers to compose the strong 

ranker k, and the number of tie-breaking features to use y. AdaRank first partitions T by its  m constituent games 
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states. This is done because stories can be meaningfully sorted by the match quality (D) values only for a given 

game state. The ground-truth rankings are then calculated for possible use in evaluating weak rankers. All weights 

are initialized to 1/m as all game states are  initially equally important. The main ranker R and its corresponding 

confidence values A are initialized to be empty sets. The set of feature combinations to be considered for use in 

weak rankers is calculated based on the number of features in each in similarity vector, and the number of features to 

use for tie-breaking y. At each iteration of AdaRank, elements of whose first elements have not yet been used in are 

considered as possible weak rankers. Thus, each feature of similarity vector may only be used once as the main 

sorter in a weak ranker. For each game state, the weighted score v of sorting Ti by b (with any remaining ties broken 

randomly) is calculated, using the scoring function F and current weights  w. The arguments to F vary based on 

which scoring metric is used, but all metrics we consider accept θi, the match qualities for Ti as input. If the mean 

weighted score v for b is greater than the maximum encountered so far in this iteration, the feature combination to be 

used in the weak ranker r for this iteration is set to b. After evaluating all valid elements of B, the best weak ranker 

for this iteration is added to the main ranker R. Following this, A and w are updated. The data is reweighted after 

each iteration so that game states for which stories have been poorly ordered are given more weight. 

____________________________________________ 

Algorithm 1: AdaRank Algorithm for sorting story vectors based on the features of the similarity vector 

Input:  

 T: training data 

 m: number of game states  

 M: IR scoring function 

 k: number of iterations 

 y: number of tie-breaking features  

Output:  

 R: ranker  

AdaRank (T, m, M, k, y)  

     Partition T by game state: T = T1 U T2 U... U Tm  

     Sort each Ti by D values, yielding ground truths Ti 

     Initialize weights w(G) to 1/m  

     Initialize ranker R and weak ranker confidences A to φ  

     Get all combinations B of length y + 1 from T  

     for each iteration up to k  

        μ←0  

        for each combination b in B  

 if b(1) ∈ R  

      for i = 1, . . . , m  

  sort Ti by b, yielding Ti  
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  θi ← D(Ti )  

  v(i) ←w(i) · M (θi , . . .)  

      end for 

      if mean(v) ≥ μ  

  μ=mean(v)  

  r←b  

      end if  

 end if  

        end for  

        add r to R  

        calculate α for r  

        add α to A  

        update w  

     end for  

____________________________________________ 

In order to create the training set we need two parameters. The first parameter is the similarity vector ’c’ which is 

calculated by comparing vectors’ g’ and ’s’. For example, consider the following:  

Vector ’g’ = g1, g2,....., g34,...gn  

Vector ’s’ = s1, s2,....., s34,...sp  

     The g34 feature of the game state vector ’g’ is compared to the corresponding s34 feature of the story vector ’s’ to 

produce a value for the match feature ’c34’ in similarity vector ’c’. If both g34 = 1 and s34 = 1, then c34 = 1. 

Otherwise c34 = 0. This is in the case of the binary features. For non-binary features, we use feature specific 

functions. Vector ’c’ = c1, c2,....., c34,...cz  

The second parameter of the training set is D which is the match quality. The similarity vector ’c’ is mapped to D(g, 

s) — the 5-point-scale quality of the match between g and s. A sample training set ’T’ is shown below.  

T = (c, D(g,s)) class.  

 

Table I: Training Data T for AdaRank 

Story c1 c2 c3 c4 D 

1 

2 

3 

4 

0 

0 

1 

0 

0 

1 

1 

0 

0.875 

0.5 

0 

0.375 

0.6 

0.4 

0 

0.9 

4 

2 

1 

3 

 

The trained data set T is given as input to the ranker module. Consider the following scenario. The AdaRank 
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algorithm produces R = (c1, c3) with a confidence measure of A = 0.63. This means that if the stories are ranked 

based on c1 with c3 as tie breaker, then the system produces a ranked list with 63 percent accuracy.  

The result of ranking by c1 produces is a vector of ranked stories indicated by pi. For every element in pi, the 

corresponded match quality is computed. In the final stage of evaluation, the top ’n’ stories are evaluated based on 

their match quality using NDCG algorithm to produce a single value which is a measure of how relevant the stories 

are to the input vector.  

 

3.3 Multiple Ordinal Classification 
 

According to DCG, the ranking problem can be cast naturally as a multiple classification (i.e., K = 5 classes), 

because obviously perfect classifications will lead to perfect DCG scores. While the DCG criterion is non-convex 

and non-smooth, classification is very well-studied. For example, suppose within a query, the stories are all labeled 

level 1 or higher.  

For every game state that is given as input, the classifier assigns a relevance level y ranging from 0 to 4, with 0 as a 

poor match, and 4 as a perfect match. If an algorithm always classifies the stories one level lower (i.e., stories 

labeled level 4 are classified as level 3, and so on), we still have the perfect DCG score but the classification ―error‖ 

is 100%. This phenomenon to an extent , may provide some ―safety cushion‖ for casting ranking as classification. It 

appears to us that the regression-based approach is less direct and possibly also less accurate than our classification-

based proposal.  

For example, it is well-known that, although one can use regression for classification, it is often better to use logistic 

regression especially for multiple classification. 

For multiple classification, we consider the following common surrogate loss function: 

 

  

 

3.4 Estimator 

The estimator is used as a threshold to ensure the top-ranked story which is got as the output of the AdaRank 

algorithm is worth telling. This estimator accepts the match quality computed in the earlier step by classification and 

evaluates the top or top 'n' stories as to how good they are. Methods for estimation: 

 

3.4.1 Winner takes all  

This metric takes into account the match quality only for the top ranked story, comparing it to the current game 

state. If the top ranked story’s match quality is equal to or exceeds the threshold, WTA returns 1, otherwise, it 

returns 0. Thus, WTA is a binary threshold scoring metric whose output rests completely on the top ranked story, 

ignoring the rest of the ranking. 

Eqn 1 
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3.4.2 Average Precision 

When we consider scoring metrics other than WTA, they consider more stories than the top ranked story. AP takes 

the same input as that of WTA, but it also needs the number of positions to consider relevant, N . That is, AP 

requires the user to specify how much of the ranked list is important.  

 At each position of the match quality to be considered, AP checks if it meets the threshold t. If so, this position is 

considered relevant. The precision P at any position i is the total number of relevant stories in the top i positions, 

divided by i . The average precision, γ, is then calculated, based on the precision at each relevant position and the 

total number of relevant positions.  

 

3.4.3 Normalised Discounted Cumulative Gain (NDCG) 

Here, gain at position i is calculated using the match quality at this position (2θi − 1). The cumulative gain is the 

sum of these gains over all positions N to be considered. The discount factor is 1/ log(i + 1), increasing the discount 

as the rank position worsens. Finally, the metric is normalized by dividing by the optimal Discounted Cumulative 

Gain – that of the ground  truth scores θ∗ for the given g. 

NDCG takes as input the vector of match qualities θ for a ranking π, the number N of positions to consider, and the 

ground truth match qualities π ∗ for the given game g. First, the true DCG, E, and the optimal DCG, V , are 

initialized to 0 . Then for every position i up to N , E and V are updated by adding the Discounted Gain at i .  

Finally, the NDCG is calculated by dividing the true DCG by the optimal DCG.  

IV EXPERIMENTAL ANALYSIS 

We conducted several experiments to evaluate whether SCoReS improved broadcast quality in any of these 

applications. User Study I was conducted to ensure commentary was beneficial within our game library before we 

even tried to improve said commentary.  

 

4.1 User Study I 
 

Table I: User study questions asked to participants 

User Study Questionnaire  

1) I found this viewing experience enjoyable. 

2) I learned something watching this clip. 

3) I found this viewing experience interesting. 

4) I found the video clip easy to follow. 

5) I enjoyed the commentary in this clip. 

6) Viewing this clip made me more interested in 

watching cricket. 

7) Viewing this clip made me more interested in 

watching sports. 
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In this user study, System Enabled Commentary is compared with two different types of commentary. For No 

Commentary, the commentary was removed from the broadcast, and left with the crowd noise. The Original 

Commentary had voiceovers for the original professional commentary, with no stories inserted or present in the 

original commentary. The ScoReS Commentary had a story selected by our system.. Participants were asked to rate 

each question from 1 to 7 (strongly disagree - strongly agree). To measure the performance of the different types of 

commentary, the participants’ answers to the eight questions listed in Table I were evaluated. 

4.2 Evaluation 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Comparison of System Enabled Commentary against Original Commentary as well as Mismatch 

Commentary 

 

The above graph shows the mean difference between System Enabled Commentary and both Original Commentary 

and Mismatch Commentary. System Enabled Commentary was ranked higher than Original Commentary for the 

―Viewing this clip made me more interested in watching cricket‖ metric. This shows that adding stories to 

commentary can improve a broadcast. System Enabled Commentary was ranked higher than Mismatch 

Commentary for the ―I found this viewing experience enjoyable‖ metric. This shows that intelligently adding 

stories to commentary can be more enjoyable to the viewer than adding random stories. 

 

V CONCLUSION 

In this paper, it has been shown that the proposed system has a statistically significant positive influence on the 

sports viewing experience across several metrics. It was able to achieve significant improvement in overall 

enjoyment and increasing interest in watching cricket. To a realistic deployment, it would further improve the 

entertainment value of sports broadcasts. It also offers many possible future applications along the lines of fully 

automated commentary. 
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ABSTRACT 

Water samples from river Ganga at Sarsaiya Ghat in Kanpur in Uttar Pradesh were collected and physico-

chemical parameters were determined using standard analytical procedure in Jan. to Dec. 2013.          pH (8.1-

8.9),Chloride and phosphate contents of water samples were determined 14-17 mg/l and 0.08-0.12 ppm 

respectively, Total hardness 92.1-161.3 mg/l, fluoride level were also 6.0-6.3 mg/l, DO of samples were 6.1-6.9 

mg/l, BOD were 4.0-7.5mg/l and COD were 25-39S mg/l. These results were said to their agreed with the limits 

set by World Health Organization ( WHO ) for drinking water. 

Key Word:  Physico-Chemical,  WHO, Drinking Water. 

 

I INTRODUCTION 

Water the most essential requisites that nature has provided to sustain life on earth.About80% earth surface is 

covered by water. The deteriorate quality of water create various problems for mainkind. The growth in 

population, about 90% of which occur in urban areas, increases the demand for water for domestic and industrial 

uses. Water pollution from domestic and human waste is the main cause for human being water born disease. 

The industrial water pollution is due to inadequate measure adopted in the industry for the abatement of 

pollution. It is need of time to protect environment for present and future generations. The purpose of study in to 

prepare qualitative assessment of abiotic and biotic conditions prevailing in river Ganga.    

 

II MATERIAL AND METHOD 

The Kanpur on National Highway no.1 and 2 and falls on the Broad Guage NR Railway line between Delhi and 

Kolkata. 

Water samples were collected in clean polythene bags and subjected to chemical analysis for measurement of 

different parameters such as temperature, pH, DO, BOD, COD, fluoride, chloride, phosphate, hardness and total 

dissolved by standard analytical method in Jan. to Dec. 2013. 

 

III RESULT AND DISCUSSION 

The values of different parameter with respect to sampling station are given in Table-1.The transparency values 

of sample were 20-52 cm. Maximum value is 52 in Feb.2013 while minimum value is  20 cm in Jun. 2013. The  

temperature of water were  16.4-36.1
0
C. Maximum value is 36.1 in Jun.2013 and minimum value is 16.4 in 
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Jan.2013. The WHO (1992 ) did not recommend  any definite temperature for drinking water. The pH value 

were  8.1-8.9, Maximum value of pH is 8.9 in Jan. and Dec.2013  while minimum is 8.1 in Apr. 2013. 

Total dissolved were  135.0-139 mg/l  which are under limits. The total hardness of water were  92.1-161.3 

mg/l. The maxim um value is 161.3 in Jun.2013 while minimum value is  92.1 in  Sept.2013. The level of 

hardness are below the levels (300 mg/l )  as laid down by Indian standard and thus water is soft. Fluoride level  

were 6.0-6.3 mg/l,The maximum value is 6.3 mg/l in July 2013 while  minimum value is 6.0 mg/l in May 2013 

which are low.The chloride contents of water were 14-17 mg/l.The maximum value is 17 mg/l in Nov. and 

Dec.2013 while minimum value is 14 mg/l  in May,June and July 2013 which is below the prescribed limit ( 

250mg/l).The COD value of water were  25-39 mg/l. Maximum value of COD is 39 in Dec.2013 while 

minimum  25 mg/l in July 2013. 

The DO value of water were 5.4-6.9 mg/l. Maximum value of DO is 6.9 in Jan. and Dec.2013  while minimum 

is 5.4 in May 2013 which are permissible limit. The BOD value of water were 4.0-7.5 mg/l. Maximum value of 

BOD is  7.5 in May 2013while minimum value is 4.0 mg/l in Jan, 2013. 

 

TABLE-1. 

Physico-chemical characteristics in river Ganga at Sarsaiya  Ghat, Kanpur 
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Jan. 16.4 50.5 8.9 6.9 4.0 30 15 0.09 108.4 135 6.0 

Feb. 18.9 52.0 8.8 6.3 5.5 30 15 0.09 106.4 136 6.1 

Mar. 23.6 38.5 8.6 6.1 6.5 31 16 0.09 140.2 136 6.0 

Apr 31.4 37.0 8.1 6.2 6.0 30 15 010 149.4 135 6.1 

May 35.5 29.0 8.4 5.4 7.5 26 14 0.11 159.4 136 6.2 

Jun 36.1 20.0 8.3 5.8 7.0 25 14 0.12 161.3 137 6.2 

Jul 28.1 24.0 8.8 6.1 5.0 25 14 0.10 94.2 139 6.3 

Aug 23.6 20.5 8.7 6.5 5.0 26 15 0.08 93.1 139 6.2 

Sept 24.5 24.0 8.5 6.6 5.5 31 16 0.11 92.1 138 6.1 

Oct 18.7 28.0 8.9 6.4 4.5 31 16 0.10 101.4 136 6.1 

Nov 18.4 35.5 8.8 6.7 4.5 30 17 0.10 98.5 136 6.2 

Dec 18.3 48 8.9 6.9 4.5 39 17 0.11 99.5 137 6.1 

 

 

IV CONCLUSION 

It is need of time to protect environment for present and future generations. The purpose of study in to prepare 

qualitative assessment of abiotic and biotic conditions prevailing in river Ganga.    

 



International conference on Science, Technology and Management                             ICSTM-2015                                                                                                       

YMCA, New Delhi (India), 1 Feb 2015                                                     www.conferenceworld.in 

1446 | P a g e  

 

REFERENCES 

1. American Public Health Association, American Water Works Association, and Water Pollution Control 

federation, Standard methods for the examination of water and wastewater,18
th

 Ed. Washington, D.C. 

USA, American Public Health Association variously paginated.1992. 

2. ICMR Manual of standard of quality for drinking water supplies .ICMR, New Delhi 1975 

3. WHO (World Health Organization).Environmental Health Criteria,vol.134-Cadmium international 

Programme on Chemical Safety (IPCS ) Monograph. Geneva, Switzerland.1992     

4. SI, Indian Standard Specification for drinking water:ISI,1983,10500 

5. Indian Standard methods of sampling and test (Physical &Chemical) for water used in industry, Indian 

Standard Institution, New Delhi IS,1964;3025 

6. Rai, M. and Srivastav, R.M; Metallic status in and around Chopan River Raghogarh, Cur. W. Envir. 

2006,1 (1 ):91-93. 

7. Chouhan, RPS, Singh M.P, Suraiya A, Singh S: Study of physico-chemical characteristics of Municipal 

drinking water supply of Sidhi District:Cur.W.Envir,2006;1 (1 )73-75 

8. Rajesh CV, Jitendra G, Reena G and Raghav S: Study of Physico-chemical Characteristics and heavy 

metals in river Sengar at Jaswant Nagar District Etawah in Uttar Pradesh: Int. J. of pharm. res. and bio-

sc:2014,3 (3 )108-111. 

9. Vishwakant, Verma,  R.C.  and Saxena, R.S. Study of some limnological properties of Harchandpur 

pond, District Etah (U.P.) India. Cur. W. Envir. 2006, 2 (1 ): 35-38 (2007). 

10. .Verma,R.C,,Mishra,P. and Sambhavi:Study of physico-chemical characterstics in river Ganga at 

Bithur Ghat in winter in District Kanpur in Uttar Pradesh, GE-Int.J.of Engg.Res.,2014,vol,-2,issue-

5,125-128 

11. Verma,R.C. and Bansal,A.;Study of physico-chemical characterstics in river Ganga at Bithur Ghat in 

District Kanpur in Uttar Pradesh,Am.Int.J.of Res.in Formal,Appl.and Nat.Sc.,20414,7(1),June-Aug.79-

80 

Biographical Notes 

Dr. R.C. Verma is working as a Assistant Professor in Chemistry Department, Janta P.G. College, Bakewar, 

Etawah. 

Dr. S. Raghav is working as a Associate Professor & Head, Chem. Deptt., K.K.P.G. College, Etawah. 

Miss M.Kumari is presently pursuing M.Sc in Chemistry act K.K.P.G. College, Etawah.   



International conference on Science, Technology and Management                             ICSTM-2015                                                                                                       

YMCA, New Delhi (India), 1 Feb 2015                                                     www.conferenceworld.in 

1447 | P a g e  

 

VVVF POWER SOURCE USING SPWM 
 

Apurva P. Patil
1
, Sukhada Deshmukh

2 

 

1
Electronics Department, R.I.T., Shivaji University , (India) 

2
Department of E&TC, DCOER, Pune University, (India)  

ABSTRACT 

 

VVVF power source means variable voltage variable frequency power source. Now days the development of 

variable VVVF power source, is the demand for various applications. Thus the low cost variable voltage 

variable frequency power source is designing using PIC micro-controller. The configuration of ac to dc 

converter and dc to ac inverter is called a dc-link converter. VVVF power source is developed using MOSFET 

H-bridge means full bridge inverter. Here design methodology proposed to utilize a different concept of 

generating pulse width modulation signals for the driver circuit of the inverter. The PWM which is used in this 

system is sinusoidal pulse width modulation (SPWM). The system proposes to incorporate the look-up table 

(LUT) which will be store in the system for the sinusoidal signal generation with more stability. The proposed 

system uses two micro-controllers; first micro-controller used for variable voltage & other micro-controller is 

used to generate the proposed variable frequency sine wave PWM & displaying purposes. The proposed system 

provides wide range of voltage and frequency commands and their performances at low cost. 

 

Keywords- Variable Voltage, Variable Frequency, Sinusoidal Pulse Width Modulation, PIC 

Microcontroller, MOSFET H Bridge Inverter, Display. 

 

I.INTRODUCTION 

Now days dedicated types of power sources are required according to specific demands. Such requirements are 

specified in form of generation of ac sources having different types of waveform shapes or variable voltages, 

variable frequency of single phase or three phase power sources. So different type of power sources are 

designed using different control strategy with the help of different controllers. The configuration of ac to dc 

converter and dc to ac inverter is called a dc-link converter. The PWM is required for the inverter. The PWM 

patterns have been achieved for different switching and fundamental frequencies. The SPWM developed in a 

single FPGA. The simulations are carried out using ModelSim 5.7. [1]. Again the new method is introduced to 

obtain various possible output voltages depending on the switching topology and the voltage inputs available. 

This method is used to obtain a sinusoidal voltage waveform with a frequency which is a multiple of the 

frequency of the sinusoidal input voltage.[2].The high precision three-phase SPWM designed which is based on 

DSP chip, by using comparison units on event manager. This system provides high quality and reliability of 

SPWM waveform, and output waveform of the variable frequency [3]. Using Direct Modulation Strategy the 

SPWM switching are done with the help of VHDL code. In direct modulation scheme PWM pulses are 
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generated directly and thus require less memory space as compared to conventional sine-triangular scheme. The 

periodic PWM signals are generated, separated by positive and negative group of polarity control switching 

pulse and evoked at the output as a control signal for FPGA interfaced H bridge inverter circuit. But the direct 

PWM technique scheme doesn’t using high frequency signal [4][5]. 

The generation of high quality variable frequency sinusoidal waveforms is designed with unique technique. 

Arithmetic operations on the bit streams are performed through digital blocks. The proposed technique is simple 

and can be implemented on the field programmable gate array (FPGA)[6]. Instead of this if PIC controllers are 

used then cost will be reduce. So I am trying to design the low cost, stable & reliable power source at desired 

voltage & desired frequency. 

 

II.SYSTEM DESCRIPTION 

The block diagram describes the development of a microcontroller-based single phase Variable Voltage 

Variable Frequency (VVVF) sinusoidal power source. The proposed scheme uses the new different concept of 

generating PWM signals, called sinusoidal pulse width modulation (SPWM) signals. In SPWM technique, sine 

wave is compare with triangular wave, the frequency of triangular wave describes number of pulses in output 

for each half cycle. The width of PWM is varied with respect to amplitude of sine wave means the pulse width 

is made sinusoidal function of angular position of pulse in the cycle. In this system SPWM is generated with the 

help of look-up table (LUT). The system uses two microcontrollers where one micro-controller is used to 

generate the proposed variable voltage and the other micro-controller is used for controlling the frequency & 

LCD display. The variable voltage & variable frequency are display on the LCD. 

 

Fig.1 Block Diagram of Proposed System 

AC voltage having 230V, 50Hz from the mains is applied to the step down transformer then it rectified. The 

resistive pot is connected to the PIC controller. With the help of pot the voltage is varied. The controlled signal 

is used for convergence of AC to controlled AC through opto-isolator. The controlled AC is applied to the full 
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bridge rectifier; rectifier converts this AC into DC. This DC voltage is as an input voltage for an inverter. The 

full bridge inverter is constructed with the four N channel enhancement MOSFETs. The second PIC controller is 

used for the generation of SPWM & the pot is connected to this controller. The frequency can be varied with 

respect to this pot. The SPWM pulses are required for firing the MOSFETs. The inverter is used to convert this 

DC voltage in to AC again. After that bulb is used as the load to the circuit. The output ac voltage is again step 

down and rectified. And it gives to PIC controller for displaying purpose. The output voltage and frequency will 

be display on LCD display. 

III.DESIGN OF THE HARDWARE 

The hardware is design with the help of PIC controller, TRIAC, BridgeKBPC3510, MOSFETs, MOSFET 

Drivers, and MOSFETs. 

3.1 PIC controller 

In this system I am using 16F877A. It is 40 pins high performance RISC CPU. It operate on 2.0V to 5.5V rang. 

It provides inbuilt 10 bit ADC with 8 channels. It has 256 B Data ROM. It has up to 18 sources interrupt 

capability & three timers. 

3.2   TRIAC 

These are three terminal devices. BTA41 is a TRIAC having 800V peak off-state voltage& 41A on-state rms 

current. With the help of TRIAC we can control the AC. 

3.3  MOSFETs 

MOSFETs are required for single phase full bridge inverter. IRFP460 is the MOSFET which is used in this 

system. For the fast switching purpose IRFP460 is used. Its Drain-Source voltage is 500V and continuous drain 

current is 20A. MOSFET drivers are required for the IRFP460. 

3.4 MOSFET Drivers 

IR2110 is used in the present system. MOSFET Drivers are required to drive an N-channel power MOSFET in 

the high-side configuration which operates up to 500 V. Its Gate drive supply range is 10 to 20V.This can drive 

independently high and low-side referenced output channels. 

 

IV.DEVELOPMENT OF THE SOFTWARE 

In this system author using two microcontrollers. First for variable voltage and second for generation of SPWM. 

The first controller controls the firing angle of triac. The pot is provided for varying the firing angle. When pot 

varies that time ADC convert the analog data and according to that firing angle is provided to triac. And using 

this technique we are converted the AC in to controlled AC signal. 

 The second controller controls the operation of an inverter. The PWM is the heart of an inverter. In this system 

SPWM signal is generated which will provide to the MOSFETs. For this purpose look-up table will generate 

and store in the system. Total 80 steps are generated for each half cycle. For variable frequency purpose pot is 

connected. According to pot position frequency will change and values will be call from look up table. The 

output voltage and frequency will display on the LCD.  

 



International conference on Science, Technology and Management                             ICSTM-2015                                                                                                       

YMCA, New Delhi (India), 1 Feb 2015                                                     www.conferenceworld.in 

1450 | P a g e  

 

V.EXPERIMENTAL RESULTS 

The center tap rectifier is used in this system. The signal after rectification is shown in fig. 2(a). And fig. 

2(b) shoes zero crossing signal. Whenever the signal of rectifier crosses the zero that time we get the pulses 

as shown in fig 2(b). 

           

Fig.2(a) Rectified signal and 2(b)Zero crossing signal    Fig.3(a) Zero crossing signal and 3(b) Triac firing signal 

 

The zero crossing signals are shown in figure 3(a). The difference between two zero crossing pulses is 

10ms. The triac firing pulses are generated with the help of PIC controller. When the pot will vary that time 

firing angle of triac will change. T he firing pulses for triac with respect to zero crossing are shown in Fig.3 

(b).  Here triac is fire at 4ms. Fig. 4 shows the controlled AC signal with respect to controlled pulses from 

controller.  

          

Fig.4(a)controlled AC output and 4(b) zero crossing pulse                      Fig. 5 SPWM pulses 

The second controller is used to generate the SPWM. The 80 step size per half cycle is selected for more 

accuracy.  Fig.5 shows the SPWM pulses which are generated by CCP modules. Fig. 6 and 7 shoes the output of 

the system. The firing angle of triac is changes according to that the intensity of bulb which is connected to the 

output side is change. Fig. 6 shows the high intensity of bulb and that time the output voltage is 61V. Fig. 7 

shows the low intensity of bulb at 41V. The final output is step down and sense by the controller.  

Fig. 8 show output waveform having 40Hz frequency and fig.9 show the 51 Hz’s waveform. Fig.10 shows the 

output voltage and frequency of the system on display. 
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Fig .6 the output voltage at intensity of bulb is high       Fig 7 the output voltage at intensity of bulb is low 

       

         Fig 8 output sine wave at 40 Hz                                     Fig 9 output sine wave at 51Hz 

 

 

Fig 10LCD display 

 

 VI. CONCLUSION  

In this work the VVVF power source is design using microcontroller at low cost. The configuration of ac to dc 

converter and dc to ac inverter is called a dc-link converter. This system is also the DC-link. As compare to DSP 

controller the cost of PIC controller is less. This system will provide more stable, reliable output because of the 

SPWM technique. This system provides wide range of voltage and frequency as per the requirement.  
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ABSTRACT 

Search results are being excessively used for many applications these days. Search results are obtained as a 

result of a query on a database. When a user wants to search the database for a particular keyword, he gives the 

keyword as input based on which a query is generated. The query on the database returns the search results in 

the form of a web page. In most applications there is a need to extract the records in the search result page. In 

this paper, we present a search and extraction technique which gets a keyword as input and returns the search 

result records from the resultant webpage. This paper only considers e-Commerce websites like Flipkart, eBay 

and Amazon. However it can also be scaled to other such websites. Our experiment indicates that the proposed 

approach is highly effective and accurate.  

 

Keywords: Extraction, Result Records, Search, Search Result, Webpage. 

 

I. INTRODUCTION 

 

A search engine is one which searches webpages for certain keywords and returns a set of results. A custom 

search engine searches only a particular set of webpages. In our paper, the custom search engine searches only 

Flipkart, eBay and Amazon. Given a keyword and a website to search, the search engine must return the search 

records alone trimming out the unwanted contents like advertisements, suggestions etc. A typical result page 

consists of several search result records. A search result record is a unit of text corresponding to the keyword 

given as input. A search result record may contain any number of data units. A data unit is a piece of text that 

represents a concept in the search result record. For eg, If the user gives a keyword “Sony Laptop” and a website 

“Amazon”,  the result page consists of various search result records like the one showed in Fig.4.These records 

have to be extracted out as individual units for further processing. 

 

In most search and information retrieval papers, search result records have been extracted with the help of  tools 

like ViNT. These tools get a webpage i.e HTML file as input and return the search result records as output. 

However these tools do not prove to be accurate for result pages from Flipkart, eBay and Amazon. In order to 

facilitate the extraction of records for these websites this paper was implemented. The increase in the use of 

search results for applications has been the major reason behind the development of this paper. Search results 

are being used increasingly and there is a need for a tool that can extract result records out of webpages.  
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The paper has the following contributions: 

 

1. The paper has an interactive interface that accepts input from the user and searches Flipkart, eBay or 

Amazon databases and returns the accurate search result page.  

2. Unlike other papers, we have a visually appealing and user friendly interface design. 

3. While most existing approaches use a tool for extraction, we extract search result records using DOM 

parser .All the records present in the webpage are extracted  irrespective of the count.   

4. We also find the tag path for each search result record and data units within a search result record. The tag 

path can be used for many applications like clustering, data alignment etc.    

 

II. RELATED WORK 

 

Search result extraction has been widely discussed in many papers. DeLa [3] splits the data region into more 

subparts and they consider only the data region with largest subparts and discard the others and it entirely 

depends on tag structure. It calculates the similarity before the data records are aligned in a manner, this leads to 

irregularity in making optional attributes. Moreover, this has good precision value when wrapping the records. 

Viper [2] (Visual Perception-based Extraction of Records) is one of the methods which is able to extract and 

separate relevance of different repetitive information contents or patterns with respect to the user‟s visual 

perception along with tags that are embedded with corresponding web page. It uses both human visual data 

perception value and the HTML tag structure to find rank and weight the patterns. Although Viper offers good 

results for single page, it does not handle when pages with nested structured data. CTVS handles nested 

structured data more efficiently than the Viper. 

 

ViNT [4] is another tool like Viper for extracting the data, it uses visual as well as non-visual features to rank 

and weight the relevance of different extraction rules but has some drawbacks. First, it depends only on major 

data regions where the data records are highly reported than the other pages. Second, web users needed to 

collect the training pages or labels from the websites. Third, it needs continuous navigating for periodically 

updating dynamic changes. In contrast, CTVS [1] (Combining Tag and Value Similarity for data extraction and 

alignment) requires neither training page nor a pre-learned wrapper.   

 

This paper is part of the project “Search result annotation for e-Commerce databases”. The search and extraction 

approach has been used to get the result records based on a keyword and the records will be annotated with 

labels corresponding to them. 

 

III. PROPOSED SYSTEM 

 

The proposed system consists of two parts: 

1. Keyword-based search 

2. Record extraction. 

The architecture diagram in Fig. 1 shows the process involved in searching and extracting the records.                          
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3.1 Keyword-Based Search  

Given a keyword and the e-Commerce site to search, the custom search engine must return the corresponding 

webpage. For eg, If the user searches for Sony headphones in Flipkart the corresponding result page will contain 

records about sony headphones. This functionality is provided by our custom search engine which can be used 

to search Flipkart, eBay and Amazon. However this can be extended to support other e-Commerce sites as well. 

Keyword-based search consists of three modules: 

1. Search interface 

2. Preprocessing 

3. Custom Search Engine 

 

3.1.1 Search Interface 

We get the keyword and e-Commerce site from the user via a search interface. The search interface as shown in 

Fig. 2, has been designed so that it is user-friendly and has a good user interface design. It consists of a form 

with two fields for entering the keyword and website. The user enters a keyword and a website. This 

information is then passed to the preprocessing step.  

 

Fig.2 Search Interface 
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3.1.2 Preprocessing 

The search interface passes on the input given by the user for preprocessing. In a URL, the space character is not 

allowed, instead of the space character the symbol „%20‟ should be used. In this preprocessing step, we replace 

the space character in the keyword with „%20‟. To perform the search on the keyword corresponding URL must 

be created. Hence, the modified keyword is appended to the URL based on the website.   

 

 

 

Fig. 3 Algorithm for Keyword-Based Search 

3.1.3 Custom Search Engine 

Now this modified URL is given to the curl command. The curl command is used to retrieve the contents of the 

webpage specified by the URL. This retrieved content is stored in a HTML file with the name in the format 

“Keyword-website.html” for offline access and for extracting the search result records from the resultant 

webpage. A sample search result page is shown in Fig. 4. 

 

Fig.4 HTML Result Page For The Keyword 
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3.2 Record Extraction 

Extraction of records from web pages is done using the extraction algorithm specified in Fig. 5.The HTML file 

that has the retrieved content is parsed by using a DOM parser. The DOM parser is used to extract particular 

nodes or divisions in a HTML or XML file. The e-Commerce websites Flipkart, eBay and Amazon are analysed 

to study the pattern of the HTML template used in the result page. It is found that all result pages from a 

particular website say Flipkart follows the same template to display its contents. Only the data in it is dynamic. 

This template is deeply analysed so that we get a good knowledge of which divisions to omit and which to 

extract. Based on this analysis, we get a set of divisions whose contents need to be extracted so that they form 

the search result records. Once we identify the set of divisions to extract, we use DOM parser to get the content 

of the division and also the contents of the sub-divisions within that division.  

 

Fig. 5 Algorithm for Search Record Extraction 

We also get the tag path of each division so that it can be used for other applications like data alignment. Thus 

we get a list of search result records along with the tag path. These results are printed out as in Fig. 6  

 

Fig. 6 Extracted Search Result Records and Their Tag Structures 
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IV. EXPERIMENTS 

 

4.1 Data Sets and Performance Measure 

Our experiments involve data sets in the following domain: Electronics, Book, Movie and music. For each 

domain, keywords from three e-Commerce websites Flipkart, eBay and Amazon are selected for performance 

evaluation. Datasets DS1, DS2, DS3 consist of keywords that will result in webpages from Amazon, Flipkart 

and eBay in a particular domain. We adopt the precision and recall method to evaluate the performance of our 

approach. 

 For search, the precision is defined as the percentage of the correctly returned result pages over all the result 

pages returned by the system; recall is the percentage of the webpages that are correctly returned by the system 

over all manually found resultant webpages by the expert. For extraction, the precision is defined as the 

percentage of the correctly extracted units over all the units returned by the system; recall is the percentage of the 

search result records that are correctly extracted by the system over all manually extracted result records by the 

expert. 

 

Fig. 7 Formulas for Calculating Precision and Recall 

In Fig.7, d1 represents the number of correctly extracted units, d2 represents the total number of units returned 

by the system, d3 represents the number of search result records that are correctly extracted by the system and 

d4 represents the number of records manually extracted by the expert. 

 

4.2 Experimental Results 

For search, the precision and recall for all the datasets DS1, DS2, DS3 over all the domains:  Electronics, Books, 

Movie, Music is 100% i.e the system is fully accurate when producing search results based on keywords. For 

extraction, precision and recall values for DS1 for all the domains are around 95%. For DS2, the precision value 

on an average is 93% and the recall value is around 93.5% on an average. For DS3, the precision values are 

around 94.5% and the recall values on an average are around 95%.The corresponding precision and recall values 

for the domains : Electronics, Books, Movie and Music for the datasets  DS1 , DS2 and DS3 have been 

tabulated in Fig.8,9 and 10. 

 

          Precision Recall 

Electronics 95.2 96 

Books 94.8 95.6 

Movie 95 95.2 

Music 95.6 96 

Fig. 8 Precision and recall values for DS1 
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V. CONCLUSION  

 

In this paper, we developed a search and extraction technique that is used to extract search result records from 

web pages. We also developed a search interface that accepts a keyword and a website from the user. The search              

results obtained are very accurate. The search result page obtained is given to the extraction module.             

From the webpage, unwanted information like advertisements and filters are removed and the remaining search 

result records are printed. The tag path of the search results records are also extracted so that they can be used 

for data alignment etc. Our experimental results show that our search technique is 100% accurate over all the 

domains considered. Our extraction technique is 95% accurate for search result pages from Amazon and it is 

93% accurate for result pages from Flipkart and 95% accurate for result pages from eBay. The accuracy values 

are calculated using precision and recall values. There is scope for improvement in extraction technique for 

certain domains .Further, the extracted records can be aligned and labels can be assigned to them using 

annotators.    
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ABSTRACT 

This paper presents a simple overview of the technology. After defining what is meant by ‘smart materials’, it 

describes a smart structure and its components, and provides a few examples. This is part of an ongoing work 

on the use of smart materials for applications in engineering. A more detailed insight into smart structures and 

their applications is given elsewhere. One of the first attempts to use the smart materials technology involved 

materials constructed to do the work of electromechanical devices. Since then, many types of sensors and 

actuators have been developed to measure or excite a system. This technology is still in its infancy and the 

scientific community is just beginning to scratch the surface of its potential. With a bit of imagination one can 

see enormous benefits to society. 

Keywords: Piezoelectric, Alloys, Smart Materials, Mechanical 

I INTRODUCTION 

Smart or intelligent materials are materials that have the intrinsic and extrinsic capabilities, first, to respond to 

stimuli and environmental changes and, second, to activate their functions according to these changes. The 

stimuli could originate internally or externally. Since its beginnings, materials science has undergone a distinct 

evolution: from the use of inert structural materials to materials built for a particular function to active or 

adaptive materials, and finally to smart materials with more acute recognition, discrimination and reaction 

capabilities. To encompass this last transformation, new materials and alloys have to satisfy a number of 

fundamental specifications. 

The world has undergone two materials ages, the plastics age and the composite age, during the past centuries. 

In the midst of these two ages a new era has developed. This is the smart materials era. According to early 

definitions, smart materials are materials that respond to their environments in a timely manner. [2-7].With the 

development of material science, many new, high-quality and cost-efficient materials have come into use in 

various field of engineering.  In  the  last  ten decades,  the  materials  became  multifunctional  and required  the  

optimization  of  different  characterization and properties. With the last  evolution, the concept has been  

driving  towards  composite  materials  and  recently, the next evolutionary step is being contemplated with the 

concept  of  smart  materials.  Smart  materials  are  new generation  materials  surpassing  the  conventional 
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structural  and  functional  materials.  These materials possess adaptive capabilities to external stimuli,  such as 

loads  or  environment,  with  inherent  intelligence. (Rogers, 1988; Rogers et al., 1988) 

The definition of smart materials has been expanded to materials that receive, transmit, or process a stimulus 

and respond by producing a useful effect that may include a signal that the materials are acting upon it. Some of 

the stimuli that may act upon these materials are strain, stress, temperature, chemicals (including pH stimuli), 

electric field, magnetic field, hydrostatic pressure, different types of radiation, and other forms of stimuli 

[1].Today the drive to innovation is stronger than ever. Novel technologies and applications are spreading in all 

fields of science. Consequently, expectations and needs for engineering applications have increased 

tremendously, and the prospects of smart technologies to achieve them are very promising. Figure 1.1 

summarizes these inter-relationships. [6] 

 

Figure 1.1 Smart System for Engineering Application 

II CLASSIFICATION OF SMART MATERIALS 

 Piezoelectric: When subjected to an electric charge or a variation in voltage, piezoelectric material will 

undergo some mechanical change, and vice versa. These events are called the direct and converse effects. 

 Electrostrictive: This material has the same proper-ties as piezoelectric material, but the mechanical change 

is proportional to the square of the electric field. This characteristic will always produce displacements in 

the same direction. 

 Magnetostrictive: When subjected to a magnetic field, and vice versa (direct and converse effects), this 

material will undergo an induced mechanical strain. Consequently, it can be used as sensors and/or 

actuators. (Example: Terfenol-D.) 

 Shape Memory Alloys. When subjected to a thermal field, this material will undergo phase transformations 

which will produce shape changes. It deforms to its ‘martensitic’ condition with low temperature, and 

regains its original shape in its ‘austenite’ condition when heated (high temperature). (Example: Nitinol 

TiNi.) 

 

 



International conference on Science, Technology and Management                             ICSTM-2015                                                                                                       

YMCA, New Delhi (India), 1 Feb 2015                                                     www.conferenceworld.in 

1462 | P a g e  

 

2.1 Piezoelectric Materials 

The simplest definition of piezoelectric materials can be obtained by first dividing the word into piezo and 

electric.Piezo is from the Greek word piezein, which means ‘‘to press tightly or squeeze.’’ Combining pieze in 

with electric, we have ‘‘squeeze electricity.’’The history of piezoelectric materials is relatively simple and only 

the highlights will be presented. In 1880, Pierre and Paul-Jean Curie showed the piezoelectric effect in quartz 

and Rochelle salt crystals. Their first observations were made by placing weights on the faces of particular 

crystal cuts, like the X-cut quartz plate, detecting charges on the crystal surfaces, and demonstrating that the 

magnitude of the charge was proportional to the applied weight. This phenomenon has become known as the 

direct-pressure piezoelectric effect. In 1881 G. Lippmann predicted that a crystal such as quartz would develop a 

mechanical strain when an electric field was applied. In the same year the Curies reported the converse pressure 

piezoelectric effect with quartz and Rochelle salt. They showed that if certain crystals were subjected to 

mechanical strain, they became electrically polarized and the degree of polari-zation was proportional to the 

applied strain. The French inventor Langevin developed the first SONAR using quartz crystals in 1920. During 

the 1940s researchers discovered and developed the first polycrystal line, piezoelectric ceramic, barium titanate. 

A significant ad-vantage of piezoelectric ceramics over piezoelectric crystals is their ability to be formed in a 

variety of shapes and sizes. In 1960, researchers discovered a weak piezoelectric effect in whalebone and tendon 

that led to intense search for other piezoelectric organic materials. And in 1969, Kawai found very high 

piezoelectric activity in polarized polyvinylidene flu-oride (PVDF). [7, 8] 

2.2 Electrostrictive 

Piezoelectric materials are materials that exhibit a linear relationship between electric and mechanical variables. 

Piezoelectricity is a third-rank tensor. Electrostrictive materials also show a relationship between these two 

variables. However, in this case, it is a quadratic relationship between mechanical stress and the square of 

electrical polarization. Electrostriction can occur in any material and is a small effect. One difference between 

piezoelectric and electrostrictive materials is the ability of the electrostrictive materials to show a larger effect in 

the vicinity of its Curie temperature. Electrostriction is a fourth rank tensor property observed both in centric 

and acentric insulators. This is especially true for ferroelectric materials such as the members of the perovskite 

family. Ferroelectrics are ferroic solids whose domain walls have the capability of moving by external forces or 

fields. In addition to ferroelectrics, the other principal examples of ferroic solids are ferromagnetics and fer-

roelastics, both of which have potential as smart materials. Other examples of electrostrictive materials include 

lead manganese niobate-lead titanate (PMN–PT) and lead lanthanium zirconate titanate (PLZT). 

An interesting application of electrostrictive materials is in active optical applications. During the Cold War, the 

satellites that flew over the Soviet Union used active optical systems to eliminate atmospheric turbulence 

effects. Electrostrictive materials have the ad-vantage over piezoelectric materials of being able to adjust the 

position of optical components due to the reduced hysteresis associated with the motion. Work on active optical 
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systems has continued. Similar multilayer actuators were used to correct the position of the optical elements in 

the Hubble telescope. Supermarket scanners use actuators and flexible mirrors to read bar codes optically.[9] 

2.3 Magnetorestrictive materials 

Magnetorestrictive materials are materials that have the material response of mechanical deformation when 

stimulated by a magnetic field. Shape changes are the largest in ferro-magnetic and ferromagnetic materials. The 

repositioning of domain walls that occurs when these solids are placed in a magnetic field leads to hysteresis 

between magnetization and an applied magnetic field. When a ferromagnetic material is heated above its Curie 

temperature, these effects disappear. The microscopic properties of a ferromagnetic solid are different than for a 

ferromagnetic solid. The magnetic dipoles of a ferromagnetic solid are aligned parallel. The alignment of 

dipoles in a ferromagnetic solid can be parallel or in other directions.[10],[11],[12] 

Magnetorestrictive materials are usually inorganic in chemical composition and are alloys of iron and nickel and 

doped with rare earths. The most effective magnetorestrictive material is another alloy developed at the Naval 

Ordinance Laboratory, TERFENOL-D. It is an alloy of terbium, dysprosium, and iron. The full effect of 

magnetorestriction occurs in crystalline materials. One factor preventing magnetorestrictive materials from 

reaching com-mercial significance has been cost. Over the past three decades there has been a great deal of 

development of giant magnetorestrictive materials, colossal magnetorerestrictive materials,and organic and 

organometallic magnets.[10,13] 

2.4 Shape Memory Alloys 

The shape memory effect in metals is a very interesting phenomenon. Imagine taking a piece of metal and 

deforming it completely and then restoring it to its original shape with the application of heat. Taking a shape 

memory alloy spring and hanging a weight on one end of the spring can easily illustrate this. After the spring 

has been stretched, heat the spring with a hot-air gun and watch it return to its original length with the weight 

still attached. These materials undergo a thermomechanical change as they pass from one phase to another. The 

crystalline structure of such materials, such as nickel–titanium alloys, enters into the martensitic phase as the 

alloy is cooled below a critical temperature. In this stage the material is easily manipulated through large strains 

with a little change in stress. As the temperature of the material is increased above the critical temperature, it 

transforms into the austenitic phase. In this phase the material regains its high strength and high modulus and 

behaves normally. The material shrinks during the change from the martensitic to the austenitic phase.[10,11,12] 

Nickel–titanium alloys have been the most used shape memory material. This family of nickel–titanium alloys is 

known as Nitinol, after the laboratory where this material was first observed (Nickel Titanium Naval Ordinance 

Laboratory). Nitinol has been used in military, medical, safety, and robotics applications. Specific applications 

include hydraulic lines on F-14 fighter planes, medical tweezers and sutures, anchors for attaching tendons to 

bones, stents for cardiac arteries, eyeglass frames, and antiscalding valves in water faucets and showers.         

[10, 14, 15] 
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In addition to the family of nickel–titanium alloys there are other alloys that exhibit the shape memory effect. 

These alloys are silver–cadmium, gold–cadmium, copper–aluminum–nickel, copper–tin, copper–zinc, 

combinations of copper–zinc with silicon or tin or aluminum, indium–thallium, nickel–aluminum, iron–

platinum, manganese–copper, and iron–manganese–silicon. [16] 

Not all combinations of the two or three elements yield an alloy with the shape memory effect; thus it is 

recommended to review the original literature. Several articles from Mitsubishi Heavy Industries describe the 

room temperature functional shape memory polyurethanes. To this writer, these papers only attest to the 

behavior of a polymer at its glass transition temperature. Thus if you wish to describe a polymer’s behavior at its 

glass transition temperature and since the free-volume change is reversible, you may call it a smart polymer, a 

shape memory material, or a thermo responsive material. The unique characteristic of these polyurethanes is that 

their transition occurs in the vicinity of room temperature. [17, 18] 

III APPLICATION OF SMART MATERIALS IN ENGINEERING 

Smart materials find a wide range of applications due to their varied response to external stimuli. The different 

areas  of  application  can  be  in  our  day  to  day  life,aerospace,  civil  engineering  applications  and 

mechatronics to name a few. The scope of application of smart  material  includes  solving  engineering  

problems with  unfeasible  efficiency  and  provides  an  opportunity for  creation  of  new  products  that  

generate  revenue. Important  feature  related  to  smart  materials  and structures is that they encompass all 

fields of science and engineering.[19] 

 Structural Health Monitoring  

Embedding  sensors  within  structures  to  monitor stress  and  damage  can  reduce  maintenance  costs  and 

increase  lifespan.  This is already used in over forty bridges worldwide. 

 Self-Repair 

One method in development involves embedding thin tubes containing uncured resin into materials.  When 

damage  occurs,  these  tubes  break,  exposing  the  resin  which  fills  any  damage  and  sets.  Self-repair could 

be important in inaccessible environments such as underwater or in space.  

 In the Field of Defense and Space  

Smart  materials  have  been  developed  to  suppress vibrations  and  change  shape  in  helicopter  rotor  blades. 

Shape-memory-alloy  devices  are  also  being  developed that  are  capable  of  achieving  accelerated  breakup  

of vortex  waves  of  submarines  and  similarly  different adaptive  control  surfaces  are  developed  for  

airplane wings. Besides, present research is on its way to focus on new control technologies for smart materials 

and design methods for placement of sensors and actuators.  
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 In Nuclear Industries  

Smart technology offers new opportunities in nuclear industrial  sector  for  safety  enhancement,  personal 

exposure  reduction,  life-cycle  cost  reduction  and performance  improvement.  However,  the  radiation 

environments  associated  with  nuclear  operations represent a unique challenge to the testing, qualification and  

use  of  smart  materials.  However,  the  use  of  such smart  materials  in  nuclear  facilities  requires  

knowledge about  the  materials  respond  to  irradiation  and  how  this response is influenced by the radiation 

dose.  

 In Structural Engineering  

These materials also find application in the field of structural engineering. They are used to monitor the civil 

engineering structures to evaluate their durability.  Not only  the  smart  materials  or  structures  are  restricted  

to sensing  but  also  they  adapt  to  their  surrounding environment  such  as  the  ability  to  move,  vibrate  and 

demonstrate various other responses. The applications of such adaptive materials involve the capability to 

control the  aero  elastic  form  of  the  aircraft  wing  to  reduce  the pull  and  improve  operational  efficiency,  

to  control the vibration  of  satellites’  lightweight  structures,  Smart structures are also being developed to 

monitor structural integrity in aircraft and space structures. Effort  has been made  to  investigate  certain  

piezoelectric  materials to reduce  noise  in  air  conditioners.  Besides,  in  civil engineering,  these  materials  

are  used  to  monitor  the integrity  of  bridges,  dams,  offshore  oil-drilling  towers where  fiber-optic  sensors  

embedded  in  the  structures  are utilized to identify the trouble areas. 

 Biomedical Applications  

In  the  field  of  biomedicine  and  medical diagnostics,  still  investigations  are  being  carried out. Certain  

materials  like  poly-electrolyte  gels  are  being experimented for artificial-muscle applications, where a  

polymer  matrix  swollen  with  a  solvent  that  can expand  or  contract  when  exposed  to  an  electric  field or  

other  stimulation.  In  addition,  due  to biodegradability  of  these  materials,  it  may  make  ituseful as a drug 

delivery system.  

 Reducing Waste  

All  over  the  world,  the  electronic  wastes  are  the fastest  growing  components  of  domestic  waste.  During 

disposal  and  processing  of  such  wastes,  hazardous  and recyclable  materials  should  be  removed  first.  

Manual disassembly is expensive and time consuming but the use of  smart  materials  could  help  to  automate  

the  process. Recently  fasteners  constructed  from  shape  memory materials are used that can self release on 

heating. Once the  fasteners  have  been  released,  components  can  be separated  simply  by  shaking  the  

product.  By  using fasteners  that  react  to  different  temperatures,  products could  be  disassembled  

hierarchically  so  that  materials can be sorted automatically.  
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 Reducing Food Waste  

Food makes up maximum waste among all others. Most of the food grown for consumption is thrown away 

without consumption due to their reaching of expiry date.  These  dates  are  conservative  estimates  and  actual 

product  life  may  be  longer.  Manufacturers are now looking for ways to extend product life with packaging by 

utilizing smart materials. As food becomes less fresh, chemical reactions take place within the packaging and 

bacteria build up. Smart labels have been developed that change colour to indicate the presence of an increased 

level of a chemical or bacteria in it. Storage temperature has a much greater effect than time on the degradation 

of most products.  Some companies  have  developed  ‘time-temperature indicators’  that  change  colour  over  

time  at  a  speed dependent on temperature.  

 Health  

Biosensors made from smart materials can be used to monitor blood sugar levels in diabetics and communicate 

with a pump that administers insulin as required. However, the human body is a hostile environment and sensors 

are easily damaged. Some researches on barrier materials are going to protect these sensors. Now-a-days  

different  companies  are  developing smart orthopedic implants such as fracture plates that can sense  whether 

bones are  healing and communicate data to  the  surgeon.  Small  scale  clinical  trials  of  such implants  have  

been  successful  and  they  could  be available  within  the  next  five  years.  Other  possible devices  include  

replacement  joints  that  communicate when  they  become  loose  or  if  there  is  an  infection. Current 

technology limits the response of  these devices to transmitting data but in the future, they could  respond 

directly  by  self-tightening  or  releasing  antibiotics.  This could reduce the need for invasive surgery.  

 The Ageing Population  

There  are  now  more  people  aged  over  60  in  almost every  part  of  universe  than  children,  creating  a  

new market for products that make life easier for the elderly. Many of these could use smart materials and 

systems to include added functionality. For example, shape memory materials could be used in food packaging 

that automatically opens on heating for people with arthritis. Smart  homes  have  been  developed  by  

researchers  for people  with  dementia  that  uses  sensors  to  monitor behavior and to ensure that the resident is 

safe. 

IV CONCLUSION 

.The future of smart materials and structures is wide open.Understanding and controlling the composition and 

microstructure of any new materials are the ultimate objectives of research in this field, and is crucial to the 

production of good smart materials.The insights gained by gathering data on the behaviour of a material’s 

crystal inner structure as it heats and cools, deforms and changes, will speed the development of new materials 

for use in different applications.Structural ceramics, superconducting wires and nanostructural materials are 

good examples of the complex materials that will fashion nanotechnology. 
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ABSTRACT  

The purpose of this paper is to identify the drivers’ attituderegarding driving activities. The study measures the 

difference in driving activities of male and female driversand identifies the difference in driving activities of 

drivers who got the driving training and did not get the driver training.The data used in this research is 

obtained from Rohtak district (Haryana) with sample of 500 respondents. Seven variables have been included in 

driving activities and Independentt- test is used to analysis the data.Result suggests that there is significant 

difference in driving activities of male and female drivers regarding all the variables of driving activities 

excluding eating and personal grooming.Drivers who got the driving training have negative attitude towards 

driving activities as compared to those who did not get the driving training regarding all the variables of 

driving activities excluding eating variable.  

 

Keywords: Drivers’ Attitude, Driving Activities, Driving Training 

 

I. INTRODUCTION  

 

Road accidents are the social and public problems.It results in injury or death, damage of property and economic 

loss to the society. Many variables are associated with road accidents and actually under the voluntary control of 

drivers. A crash is a set of events that result in injury or property damage due to collisions of at least one 

motorized vehicle and may involve another vehicle or a non-motorized user such as a bicyclist, a pedestrian or 

an object [1]. Road traffic accidents which are generally unplanned and unnecessary that can happen to almost 

every one and anywhere. Road traffic accident is the unplanned collision of one motor vehicle with another, a 

stationary object, or person, resulting in injuries, death and loss of property. Road accidents injuries and death 

have been increasing due to extension of the road network, flow of motorizing and rising population of the 

country. Road traffic accidents are the eight leading cause of death globally in the age group 15-29 years. 

Approximately, one million people die each year throughout world. Road traffic deaths would become the fifth 

leading cause of deaths by 2030. Highest numbers of road traffic deaths occur in low-middle income countries 

as compared to high income countries [2]. Low and middle income countries have been bearing 90% of road 

traffic death. Road accident is the third leading cause of death in the age group of 5 to 44 years. Road traffic 

accident causes 1.3 million death every year and more than 3000 deaths each day throughout world [1]. 
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1.1 Causes of Road Accidents 

The most of fatalities have occurred to adult males and pedestrian due to private motor cars. Alcohol and unsafe 

driving factors are involved in road traffic accident. Almost half of all the fatal accidents occurred due to the 

hour of darkness. Old pedestrian contributed more in road accident because they did not look before crossing the 

road and inappropriate supervision of child are responsible in the road accidents [3; 4]. 80% of road accident 

death occurred with vulnerable. Most of pedestrians killed in urban areas and passengers in rural areas [5]. 

Road accident occurred due to traffic drivers, road & vehicle, and did not have a comprehensive road accident 

investigation system available [6]. Old age, overtaking, over speeding, bad brake condition and use of bad tires 

are significant associated with road traffic accident. Alcohol and over speed were a major factor to increase road 

traffic accidents [7]. Most of road accident occurs on urban links over weekend during night hours in male 

drivers who drive old vehicles without using seat belts and beyond normal speed and bad weather conditions. 

Highest combination risk for dying or severely injuries found in male driver driving at excessive speed on urban 

links and with night time accident [8].Drivers do not conscious about road accident. 65% of drivers have 

practical knowledge which is get from other drivers but they are not the familiar with formal traffic rules and 

regulation [4]. 

 

II. REVIEW OF THE LITERATURE 

 

It has described that males accident rate is significantly higher than female. The lowest accident rate is occurred 

in old age of drivers. Drivers’ lack of attention and impatience are caused of road accident. Female drivers do 

not take the risk of breaking law during driving [9]. It has found that there is significant effect of training 

(before/ after) on age or gender. High level of risk is perceived by drivers after the training as compared to 

before training [10].It hasdefined that drivers had a significant habit of using mobile phone when a driving 

vehicle [11].It has identified that use of the mobile phone while driving is associated with road accidents. 

Drivers are more likely to be injured when distracted by a mobile phone[12]. It has described that smoking is 

more likely to be the cause of road accidents than using the mobile phone while driving [13].  

It has identified that there is significant difference between smokers and non-smokers with regard to accidents 

involving car [14]. It has found that smokers are 1.5 times more likely to be involved in road accidents than non-

smokers. It has also found that drivers are distracted from driving task as they engage in different activities such 

as using the mobile phone, eating, drinking, smoking, talking with passengers and using audio equipment [15].It 

described that drivers commonly engage in distracted driving behavior. Mobile phone/texting/SMS uses during 

driving increase the road accidents [16]. It described that use of mobile phone while driving reduced the driving 

performance [17]. 

It has identified that there is insignificant difference between novice and experienced drivers towards talking on 

mobile significant decrease the driving performance [18].It is identified that most of road accidents occurred 

with male drivers as compared to female drivers. Gender, no use of seat belt and using the mobile phones are 

main predictor of road accident [19].It has found that drivingactivities (e.g., talking to others passengers, 

smoking, eating etc.) is the main reason of road accidents that result of drivers weak risk awareness. Most of 

road accident occurs with drivers who do not take drivers training regularly[20].It described that male drivers 
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preferred the high speeding. There is a strong gender difference regarding speed. Younger female drivers 

preferred highly speed in urban areas[21]. 

 

III. RESEARCH METHODOLOGY 

 

Descriptive research design has been used in the study with the purpose of describing driving activities towards 

road accidents. Questionnaire used in this study consist of 7 variables of driving activities. The respondents have 

been rated on a five-point scale viz. strongly disagree (5) to strongly agree (1). The sample for the study has 

been taken by using simple random sampling method. The data has been collected from Rohtak District of 

Haryana. Total size of the sample for the present study is 500. including 100 policemen, 100 bus drivers, 100 

truck drivers,100 car/taxi/cab drivers and 50 students, 25 teaching and 25 non-teaching staff out of which 100 

belong to femaledrivers and 400 belong to male drivers and 224 belong to those, who got driver training and 

276 belong to those, who did not get driver training. The data has been analyzed with the help of t-test 

independent for making comparison between drivers’ training (yes/no), gender (male and female). The data has 

been analyzed with the help of SPSS 16.0. 

 

IV. OBJECTIVE 

 

 The study aims to identify the drivers’ attitude regarding driving activities. 

The study shall test the following hypotheses: 

 Ha1: There is significant difference in driving activities of driverswho have got and did not getdrivers 

training. 

 Ha2: There is significant difference in driving activities of male and female drivers. 

 

V. DATA ANALYSIS 

 

The reliability of data has been ensured through reliability statistics Cronbach’s Alpha found to be .707 for the 7 

variables included in the study. 

Table 1: Comparing Equality on The Basis of Gender 

Genders profile 

Variables  Gender N Mean Std. 

Deviation 

Std. 

Error 

Mean 

t value P 

value 

Talk to other passengers Male 
400 2.6300 1.06345 .05317 

-4.347 

 

.000 

Female 100 3.1500 1.09521 .10952 

Eating Male 400 3.5625 1.11992 .05600 -1.519 

 

.129 

Female 100 3.7500 1.03840 .10384 

Smoking Male 400 3.4275 1.11033 .05552 -8.918 

 

.000 

 
Female 100 4.4800 .79747 .07975 

Use mobile phone Male 400 3.1000 1.12390 .05620 -4.01 

 

.000 

Female 100 3.6000 1.07309 .10731 

Deal with other passengers Male 400 3.4325 1.12410 .05621 -2.650 

 

.008 

Female 100 3.7600 1.02612 .10261 

Personal grooming (such as Male 400 3.7425 1.01921 .05096   
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combing hair, putting on 

makeup). 

Female 
100 3.8600 .91032 .09103 

-1.053 

 

.293 

Change radio stations, CDs, or 

tapes. 

Male 400 3.0575 1.15000 .05750 -3.614 

 

.000 

Female 100 3.5200 1.12349 .11235 

*significant at 5% 

It is observed, from Table 1, drivers have significant difference between male and female drivers regarding all 

the variables of driving activities excluding eating and personal grooming. The mean all variables of driving 

activities score for male was talk to other passengers[2.6300 (SD 1.06031), t= -4.347, p .000], eating[3.5625 

(SD 1.11992), t= -1.519, p .129], smoking [3.4275(SD 1.11033), t= -8.918, p .000], use mobile 

phone[3.1000(SD 1.12390), t= -4.01, p .000], deal with other passengers[3.4325(SD 1.12410), t= -2.650, p 

.008], personal grooming (such as combing hair, putting on makeup). [3.7425(SD 1.01921), t= -1.053, p .293], 

change radio stations, CDs, or tapesand [3.0575(SD 1.15000), t= -3.614, p .000] and that for female was talk to 

other passengers [3.1500 (SD 1.09521)], eating [3.7500 (SD 1.03840)], smoking [4.4800(SD .79747)], use 

mobile phone [3.6000(SD 1.07309)], deal with other passengers [3.4325 (SD 1.02612], personal grooming (such 

as combing hair, putting on makeup). [3.8600(SD .91032], change radio stations, CDs, or tapes and [3.5200(SD 

1.12349)]. There was significant difference between the mean of all variables of drivers’ activities scores of 

male and female participants at 5% level of significant. Male drivers are more involved in road accident as 

compared to female drivers. Male drivers use smoking, eating and use of mobile phone during the driving as 

compared to female drivers. Drivers’ behaviour is more aggressive and more risky than female. Mostly male 

drivers use the musical instrument during the driving. Female drivers do not take the risk of violation of traffic 

law. Female drivers have the negative attitude towards driving activities. It is identified that there is significant 

difference between male and female drivers towards mobile phone uses while driving [22]. It is described that 

most of road accident occurred with male drivers than female. Male drivers use the mobile phone, dealing with 

other passengers and smoking during the driving. The lowest accident rate is occurred in with female drivers. 

Drivers’ lack of attention and impatience are caused of road accident. Female drivers do not take the risk of 

breaking law during driving [9]. 

 

Table 2: Comparing equality on the basis of Driver Training 

Driving Training profile 

Variables  Driving 

Training  

N Mean Std. 

Deviation 

Std. 

Error 

Mean 

t value P 

value 

Talk to other passengers Yes 
224 2.8438 1.11559 .07454 

2.037 .042 

No 276 2.6449 1.06037 .06383 

Eating Yes 224 3.7054 1.08919 .07277 1.925 

 

.055 

No 276 3.5145 1.11346 .06702 

Smoking Yes 224 3.8616 1.03895 .06942 4.027 

 

.000 

No 276 3.4565 1.17933 .07099 

Use mobile phone Yes 224 3.3929 1.11538 .07452 3.474 

 

.001 

No 276 3.0435 1.12084 .06747 

Deal with other passengers Yes 224 3.7723 .98734 .06597 5.092 

 

.000 

No 276 3.2754 1.15848 .06973 
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Personal grooming (such as 

combing hair, putting on makeup). 

Yes 224 3.9018 .86755 .05797 2.757 

 

.006 

No 276 3.6558 1.08259 .06516 

Change radio stations, CDs, or 

tapes. 

Yes 224 3.3527 1.12281 .07502 3.565 

 

.000 

No 276 2.9855 1.16298 .07000 

*significant at 5% 

It is observed, from Table 2, that drivers with driver training and without training have significant difference 

regarding all variables excluding eating variable.The mean all variables of driving activities score for who got 

the driving training was talk to other passengers [2.8438 (SD 1.11559), t= 2.037, p .042], eating [3.7054(SD 

1.08919), t= 1.925, p .055], smoking [3.8616(SD 1.03895), t= 4.027, p .000], use mobile phone [3.3929(SD 

1.11538), t= 3.474, p .001], deal with other passengers [3.7723(SD .98734), t= 5.092, p .000], personal 

grooming (such as combing hair, putting on makeup). [3.9018(SD .86755), t= 2.757, p .006, change radio 

stations, CDs, or tapes and [3.3527(SD 1.12281), t= 3.565, p .000] and that for who did not get the driving 

training was talk to other passengers [2.6449(SD 1.06037)], eating [3.5145(SD 1.11346)], smoking [3.4565(SD 

1.17933)], use mobile phone [3.0435(SD 1.12084)], deal with other passengers [3.2754(SD 1.15848], personal 

grooming (such as combing hair, putting on makeup)[3.6558(SD 1.08259], change radio stations, CDs, or tapes 

[2.9855(SD 1.16298)].Drivers who got the driving training they do not perform different activities such talk to 

others passengers, smoking, deal with others passengers, use mobile phone, personal grooming and use of 

musical instrument. Drivers who got the driver training have negative attitude towards driving activities 

regarding road accidents. After getting the drivers’ training drivers take the less risk. They think that high speed 

of vehicles can not be easily controlled by them [23]. Drivers’ training has been associated with reduced road 

accidents. Drivers’ training is useful to increase the perfection in driving and awareness about the traffic rules 

that result decreases the road accidents [24]. Road accidents occur due to variation in length of training because 

there is no effect of training on accidents rate. Driers who do not take the regular training and they have lack of 

the proper knowledge about traffic rules [27]. After getting the training, drivers judge their driving skills. It 

means that drivers who got training have negative attitude towards driving activities. They can easily control the 

vehicle in different situations. Drivers who do not take proper training that are to be more involved in road 

accident.After gettingthe training, drivers have sufficient knowledge about traffic law which reflects their 

attitude towards road accidents [25]. After getting the drivers training drivers become skillful about their driving 

activities. Drivers’ education level is able to reduce the road accidents [26].  

 

VI. CONCLUSION 

 

There is a significant difference between male and female drivers’ attitude regarding all the variables of driving 

activities except eating and personal grooming (such as combing hair, putting on makeup). Drivers whogot the 

driver training have been found negative attitude towards driving activities as compare to those drivers did not 

get driving training excluding eating. Drivers can easily control vehicle after training.  
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ABSTRACT 

Most of the consumer goods are subject to deterioration thus, we cannot ignore the fact that an item in 

stock will remain fully usable for satisfying the future demand in a perfect condition. Also with the boom of 

retail sector it can be generalized that the presence of a larger quantity of goods displayed may attract more customers.  

Above situation has been extended to two warehousing problem, where there is limited display space and the units are 

kept in backroom or warehouse. Furthermore, if the units demanded are consumed from backroom initially, the stock in 

display area will remain intact and hence the demand remains stable. Considering this situation, the problem is to 

determine the optimal lot size, when the demand is dependent on the displayed stock level. The model is formulated by 

assuming that the demand rate is a linear form of current inventory level. The results have been validated with the help 

of a numerical example. Sensitivity analysis has also been performed to study the impact of various parameters on the 

optimal solution.  

 

 Keywords:  Displayed Stock-Dependent Demand, Deterioration, Inventory, Two-Warehouse System.  

 

I INTRODUCTION  

The deterioration of inventory in stock during the storage period constitutes an important factor, which has attracted 

the attention of researchers. Deterioration, in general, maybe considered as the result of various effects on the stock, 

some of which are damage, spoilage, obsolescence, decay, decreasing usefulness, and many more. The first attempt 

to obtain optimal replenishment policies for deteriorating items was made by Ghare and Schrader [1], who derived a 

revised form of the economic order quantity (EOQ) model assuming exponential decay. Thereafter, a great deal of 

research efforts has been devoted to inventory models of deteriorating items.  

Classical inventory models usually consider the consumption rate to be constant or time varying. However, it has been noted that 

classical models are unsuitable for representations of the reality of inventory control situation in the retail sector. As observed by 

Silver and Peterson [2], sales at the retail level tend to be proportional to inventory displayed and a large piles of goods displayed 

in a retail store will lead the customers to buy more.  This implies that holding higher inventory level will probably make the 

retailer sell more items. Gupta and Vrat [3] first developed a model for consumption environment to minimize the cost with the 
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assumption that consumption rate is a function of the initial stock level. Mandal and Phaujdar [4] then developed an inventory 

model for deteriorating items with uniform rate of production and linearly stock dependent demand. Some of the researchers who 

extensively examined these models are Giri and Chaudhuri [5], Chung [6], and others. 

Moreover, the general assumption in inventory models is that the organization owns a single warehouse without capacity 

limitation. But, in practice, when a large stock is to be held, due to the limited capacity of the owned warehouse/display 

area (denoted by DA), one additional rented warehouse/backroom (RW/BR) is required. This additional warehouse may be a 

rented warehouse which is assumed to be available with abundant capacity. Zhou and Yang [7] developed a two warehouse 

inventory model for items with stock level dependent demand rate, where the stock in RW is transported to OW in an 

intermittent pattern. Research continues with Zhou [8], Chung and Huang [9], Das et al. [10], Dye et al. [11], Dey et al. [12], 

Hsieh et al. [13], Niu and Xie [14] and many more.  

Taking into consideration the above mentioned aspects, i.e., deteriorating items, displayed stock dependent demand, and 

considering that the amount on shelf/ display area (DA) is assumed to be limited and the firm stores goods in backroom/ 

warehouse (BR), the objective of this paper is to determine the ordering schedule which maximizes the average profit per unit 

time yielded by the retailer. The inventory holding cost inside the shop may be higher as compared to in the backroom. As 

soon as the retailer receives the delivery of the items, some of the items are displayed in the shop while the rest of the items 

are kept in BR. According to this approach, the items stored in BR are consumed prior to the items stored in DA. Also 

Numerical examples are provided to illustrate the proposed model and the sensitivity analysis of the optimal solution with 

respect to parameters of the system has also been performed. 

 

II ASSUMPTIONS AND NOTATIONS  

 

The following assumptions are used in developing the model:  

 Demand rate is a function of the stocks on display . For simplicity we also assume that 

where a and b are non-negative constants. b is the stock dependent consumption rate 

parameter, 0 ≤ b ≤ 1 

 Replenishment is instantaneous  

 The time horizon of the inventory system is infinite  

 Lead-time is negligible  

 The maximum allowable number of displayed stocks in the DA is W units; the BR has unlimited capacity  

 The retailer orders quantity Q per order from a supplier and W items are displayed in the DA while rest of 

the items is kept in the BR. The units in BR are stored only when the capacity of DA has been utilized completely 

and the goods of DA are consumed only after consuming the goods kept in BR  

 Shortages are not allowed  

Notations adopted in this paper are as below:  

  the demand rate at time t. 
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W      the maximum allowable number of items in the DA  

Q      the replenishment quantity per replenishment  

                    the constant deterioration rate of inventory items in DA,  

                    the constant deterioration rate of inventory items in BR,   

      the time at which inventory level reaches zero in BR  

       the time at which inventory level reaches zero in DA  

C      the purchasing cost per unit item  

P     selling price per unit item 

A     cost of placing per order 

H      the holding cost per unit per unit time in DA  

F       the holding cost per unit per unit time in BR  

      the inventory level at time t in DA  

     the inventory level at time t in BR  

 

III MODEL DESCRIPTION AND ANALYSIS  

3.1 Model formulation with capacity constraint 

In the development of this model, two warehouse dispatch policy has been followed. In such a system, inventory items 

stored in BR will first be released for consumption until the inventory items are completely consumed, thereafter 

withdrawing from DA. The inventory situation can be represented as shown in Figure 1. At t = 0 of the period the lot size Q 

enters the system., out of these Q units W units are kept in DA and Q-W units in BR. As soon as the demand is received, the 

goods from BR are consumed. By time  inventory level in BR reaches to zero due to the combined effect of demand and 

deterioration and the inventory level in DA also reduces due to effect of deterioration. By time  inventory level in DA 

reaches to zero due to the combined effect of demand and deterioration.   
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As described above, during the interval   all the W units in DA are kept unused, but they are subject to 

deterioration at the rate  ,  the state of inventory in this interval is given by 

 

Noting that at we get 

 

 Now, the inventory level in BR during the time interval  decreases due to  combined effect of demand and 

deterioration both, where the demand is dependent on the stock in DA i.e.  units. The differential equation describing the 

inventory level in the BR during this interval is 

 

using the initial condition  

 

Also at we get 

 

Again, during ), the stock in DA decreases owing to demand and deterioration, where demand is further dependent 

on the items on display. The differential equation describing the state of inventory in this interval is given by 

 

After using the boundary condition , the solution is  

 

Using continuity of   at  , we get 

 

The holding cost of items in BR  is  
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The holding cost of items in DA is 

 

                                         

The quantity deteriorated during the period is given by 

 

 

The average profit for the system per unit time is thus, given by the following expression: 

                                 

 After substituting   into  we get the average profit for the system  which is a function of 

one continuous variable , as given below 

  

The optimal values of   for maximum value of the Average Profit is any solution of the system 

                                                                    

which also satisfies the condition 
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Using the optimal value of   , the optimal values of Q, and the Average Profit can be obtained.                                                 

We have also proved concavity graphically as shown below: 

  

Fig. 2: Concavity of Profit Function 

3.2 Inventory model without capacity constraint 

In most of the conventional inventory models the capacity of the warehouse is considered to be limited. Therefore, the 

RW/backroom is not required. In such a scenario, the model gets reduced to the single warehouse inventory model. The 

inventory system with a single warehouse can be stated as follows: the inventory level of the system Q (i.e., order quantity) 

at the beginning of each replenishment cycle is kept in DA (unlimited capacity).  Then inventory level gradually decreases 

because of meeting the stock dependent demand and deterioration until the inventory level reaches zero at the end of the 

replenishment cycle. Proceeding on the similar lines as in section 3 we can derive the following:  
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Indicating that the profit function is a function of single variable . Moreover, using solver it is proved that the second-order 

derivative of AP (  with respect to  is less than zero. This implies that  is a concave function of . Therefore, 

known from the necessary condition for  to be maximum, the optimal value of  satisfies , which gives 

 

 

The single warehouse model does not impose the restriction that . Therefore the optimal replenishment quantity Q

 may be 

either greater than or less than W. If , it implies that the decision maker does not obtain more benefits from ordering more 

than Q

 units. In other words, the decision-maker will order only Q


 units but not consider renting warehouse to enlarge order 

quantity if . Otherwise, the decision-maker will need to consider the ordering policy of the two warehouse system 

because holding items more than W units by using RW/ BR in this situation may bring more profits to the decision-maker. 

 

IV SOLUTION PROCEDURE 

Now, depending on the total costs computed from single warehouse and two warehouse systems, decision is made 

whether to rent a warehouse or not. In order to find the optimal profit and the order quantity we propose the 

following algorithm: 

Step 1 Solve single warehouse model and find the profit per unit time and the order quantity Q using (18) and (15), respectively. 

Step 2 If Q (quantity ordered) calculated from the single warehouse model is less than W (capacity of DA), then use only single 

warehouse which implies that the profit and the quantity found in step 1 are optimal. 

Step 3 If Q calculated from the single warehouse model is equal to W, then solve two-warehouse model explained in step 5. If 

the profit per unit time calculated in step 1 is more than the profit per time calculated in step 5, then use single warehouse 

only (i.e. the profit and quantity found in step 1 are optimal),otherwise use RW/BR also. 

Step 4 If Q calculated from the single warehouse model is greater than W, then solve two-warehouse model explained in step 5. 

Step 5 Calculate the profit per unit time and the order quantity using (13) and (5) respectively which are the optimal values if 

two-warehouse system is used. 

 

V SOME SPECIAL CASES 

The important special cases that influence the optimal value of average profit are described as follows: 
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5.1 Case 1 

The deterioration of inventory items is not considered i.e. . 

When there is no deterioration then the total profit per unit time is given by 

  

 By using the same solution procedure as to the proposed model, the optimal replenishment policy can be found. 

5.2 Case 2  

The deterioration rate of inventory items is equal in BR and DA i.e.  

When the rate of deterioration is equal in both the warehouses, then the profit per unit time is given by 

 

 

5.3 Case 3  

The stock-dependent consumption rate is neglected i.e.  

When stock-dependent demand parameter is zero i.e. demand is constant, the profit per unit time is given by 

  

 

VI NUMERICAL EXAMPLES 

6.1 Example 1 

To illustrate the proposed model, let us consider an inventory system with the following data: 
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a = 1000 units/unit time, b = 0.2, H = Rs 0.6/unit/unit time, F = Rs 0.3/unit/unit time, W=200 units, A = Rs 30, 

 units/unit time,  units/unit time, C = Rs 1.0 per unit and P = Rs 3.0 per unit. Optimal solution 

obtained is shown in TABLE 1. The optimal lot size per unit time and the total average profit of the system are 510 

units and Rs1888.321 respectively. 

6.2 Example 2 

Also when  i.e. there is no deterioration, then keeping all the parameters same, results are given in TABLE 2. 

Table.1  Optimal solution when there is no deterioration 

           

 

     T          Q 

    

HC(BR) 

  

HC(DA) 

 

Profit 

           0.2572 0.4533 468 10.3174              42.5499 

 

1879.762 

When deterioration of items is not considered ( ), the order quantity declines significantly but the average profit 

decreases marginally. 

6.3 Example 3 

When deterioration rate of inventory items is equal in BR and DA i.e. , we obtain the following 

results. 

Table.2  Optimal solution when deterioration rate is equal 

  
 

      T       Q HC(BR) HC(DA) Profit 

when α=β=0.02 0.2728 0.4675 485 11.6276 44.1793 1884.256 

It can be observed from TABLE 2 that order quantity decreases but the average profit decreases marginally as 

compared to the case when deterioration is not equal. 

6.4 Example 4 

When the stock-dependent consumption rate is neglected i.e. , and demand is constant we get the following 

results. 

Table.3  Optimal solution demand is constant (b=0) 

  
 

T          Q HC(BR) HC(DA) Profit 

when b=0 0.2356 0.4336 437 8.3584 39.9562 1827.203 

When demand is constant it is observed that there is substantial decline in order quantity and average profit as compared to 

the case when demand is stock dependent. 
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VII SENSITIVITY ANALYSIS 

By using the numerical values provided in Example 1 the optimal values of   , Q and   have been computed for 

different values of demand parameters. The computed results are given in Table 4. It can be observed that higher the values 

of demand parameters (a) and (b), the more profitable the inventory system using the two storage levels.  

Table.4  Optimal solution of the model for different values of demand parameters 

          a           b                  T       Q  HC(BR)  HC(DA)   Profit 

500 0.2 0.3175 0.6967 373 8.2052 60.1277 922.6716 

 

0.3 0.3848 0.7565 418 12.5097 67.5068 951.0243 

 

0.4 0.4412 0.8058 459 17.0381 73.6175 980.174 

750 0.2 0.3102 0.5667 447 11.4582 52.1478 1404.137 

 

0.3 0.3486 0.6016 485 14.8415 56.426 1434.265 

 

0.4 0.3823 0.6321 520 18.3018 60.1648 1464.895 

1000 0.2 0.2961 0.49 510 13.7432 46.8184 1888.321 

 

0.3 0.3216 0.5135 544 16.5289 49.6899 1919.59 

 

0.4 0.3447 0.5346 575 19.3471 52.2753 1951.213 

 

It can be concluded from TABLE 4 that as the base demand (a) increases there is a steep rise in the order quantity, 

and hence the average profit. Also, when stock dependent parameter of the demand function (b) increases for fixed 

base demand (a), there is increase in order quantity which ultimately increases the average profit per unit time. Now, 

in order to take advantage of this increased sale, it is economical for the decision maker to order more quantity and 

go for a RW/ BR. 

Using the numerical example given in the preceding section, the sensitivity analysis of various parameters has been done. In 

this section, we have discussed the effects of major parameters W,   and A on the optimal profit derived from the proposed 

model, and the results are shown in TABLE 5. 

Table.5  Sensitivity Analysis with respect to various parameters 

           W             A 

         

        T        Q 

   

HC(BR) 

            

HC(DA)      Profit 

150 10 0.1432 0.2901 298 3.1757 19.4036 1937.446 

 

30 0.3406 0.4866         504  18.0169 36.9604 1885.96 

 

50 0.4776 0.623 648 35.5151 49.0924 1849.914 

 

70 0.589 0.7339 766 54.1128 58.9173 1820.439 

 

90 0.6852 0.8297 868 73.34 67.3748 1794.859 

200 10 0.1032 0.2981 308 1.6634 23.9353 1939.059 

 

30 0.2961 0.485 510 13.7432 46.8184 1888.321 
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50 0.4315 0.6246 654 29.2472 62.798 1852.437 

 

70 0.5419 0.7344 771 46.2088 75.7802 1823.004 

 

90 0.6374 0.8293 873 64.024 86.9732 1797.424 

250 10 0.0659 0.3085 319 0.6839 27.8606 1940.145 

 

30 0.2536 0.4949 518 10.1715 55.6919 1890.372 

 

50 0.387 0.6274 660 23.7379 75.3742 1854.735 

 

70 0.4963 0.7358 777 39.0926 91.4281 1825.395 

 

90 0.5909 0.8298 879 55.5082 105.2974 1799.848 

300 10 0.031 0.3209 333 0.1531 31.3536 1940.75 

 

30 0.213 0.5013 527 7.2388 63.7189 1892.115 

 

50 0.3442 0.6314 668 18.9365 86.9366 1856.807 

 

70 0.4521 0.7384 784 32.7213 105.9628 1827.607 

 

90 0.5457 0.8313 886 47.7606 122.4392 1802.125 

Table.6  Sensitivity Analysis with respect to various parameters ( ) 

               
 

       T       Q HC(BR) HC(DA) Profit 

0.03 0.05 0.2961 0.4900 510 13.7432 46.8184 1888.321 

 

0.08 0.3223 0.5160 540 16.3403 49.9133 1891.228 

 

0.10 0.3430 0.5366 563 18.5589 52.3583 1893.383 

 

0.20 0.5276 0.7202 778 44.9771 74.1018 1908.369 

0.05 0.08 0.3259 0.5180 543 16.7032 50.0348 1894.279 

 

0.10 0.3468 0.5387 567 18.9718 52.4812 1896.472 

 

0.20 0.5337 0.7238 785 46.0269 74.2170 1911.726 

0.08 0.10 0.3521 0.5415 572 19.5598 52.6145 1901.081 

 

0.20 0.5419 0.7285 795 47.4626 74.2661 1916.711 

0.10 0.20 0.5468 0.7310 800 48.3231 74.2202 1920.000 

 

The following inferences can be made from the results obtained: 

 The increase in deterioration rates α and β results in significant increase in order quantity but average profit 

increases marginally, due to rise in deterioration cost. 

 The increase in ordering cost results in substantial rise in order quantity but there is major decline in average profit. 

 The order quantity and average profit is not much sensitive to maximum allowable number of units in display area 

W. 
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VIII CONCLUSION 

Considering the current scenario of retail industry, major inventory problem is to how, when and where to stock the 

goods. Usually it is assumed that the display area has unlimited capacity. But accounting various factors like stock 

dependent demand, the retail outlet orders more than the capacity of display area, and these excess units are stored in 

Backroom or Rented Warehouse. In this paper an inventory model has been presented by incorporating some of the 

realistic features viz. deterioration, displayed stock dependent demand and two storage facilities. Moreover, holding 

cost in display area is considered to be higher than that of Backroom along with different rates of deterioration due 

to different preservation environment. A solution procedure has also been presented, which helps the decision maker 

to decide under what circumstances to rent a warehouse. Findings have also been validated with the help of some 

numerical examples. Sensitivity analysis has also been performed on the demand parameters and the different 

deterioration rates (α, β) of both the storage facilities. 

The proposed model can be extended by incorporating shortages, discount and inflation rates. In addition demand 

can be considered as a function of price, quality as well as time varying.  
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