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Abstract:  
This article presents the design of rectangular microstrip antenna. The prototype antenna is designed and  fabricated on FR4 

substrate of dielectric constant Єr = 4.4 and thickness h = 1.66 mm. The proposed antenna is excited using co-axial probe feed. 

The experimental result of rectangular-shaped microstrip antenna exhibits the excellent radiation characteristic corresponding to 

impedance bandwidth of 320 MHz from 3.23 to 3.69 GHz, exceeding Federal Communication Commission (FCC) frequency 

range with a return-loss performance S11= -10 dB. The experimental radiation patterns of this antenna are omni-directional. 

This proposed antenna can be useful for WiMax, WLAN, UK fixed satellite services, UWB system, microwave imaging and 

vehicular radar. 

 

Keywords: microstrip antenna, FR4, radiation, Omni-directional, spacer. 

I  Introduction 
Microstrip antennas are popular and are getting increased attention due to their advantages. Depending upon the application, 

microstrip antennas having different geometrical shapes are used [1]. Nowadays, researchers are interested in the design and 

development of compact microstrip radiating elements [2]-[6]. In literature, the authors have experimentally demonstrated the 

development of compact microstrip antenna. Many techniques have also been studied in order to overcome the narrow 

impedance bandwidth of microstrip patch antenna. Among the various techniques, there have been  the popular ones such as 

use of increased substrate thickness, the use of a low dielectric constant substrate, the use of air filled dielectric medium, use of 

various impedance matching and feeding techniques, the use of multiple resonators, and the use of slot antenna geometry and so 

on [7] - [14]. In particular, the slot technique shows excellent improvement characteristics suitable for microstrip antennas with 

air as dielectric substrate medium. Since coaxial probe feeding technique is adopted and it introduces capacitance between the 

feed and the radiating patch and this capacitance cancels out the inductance due to a probe itself, this effect makes it possible to 

improve the impedance bandwidth of the microstrip patch antenna and the improvement in gain is also achieved. In general, 

this type of feed can be easily implemented by directly connecting the probe to the E-shape patch acting as a radiating element. 

Therefore, in this article, a new microstrip antenna structure is proposed to be suitable for easy fabrication with its good 

features preserved.  

 

II Antenna Layout Configuration 
The design and drafting of the proposed antenna is prepared using AutoCAD 2006 – computer application software. The 

rectangular patch with length L = 17.76 mm and a width W = 23.28 mm is designed and fabricated. A single slot is embedded 

on the patch because it is more effective in enhancing impedance bandwidth [15] of the antenna compared to the conventional 

antenna. A standard SMA connector with probe having 1.3 mm diameter is being soldered to the proposed patch antenna as a 

feeding element. For the superstrate where the patch and the slot printed on it, a FR4 dielectric material with dielectric constant 

Єr = 4.4, thickness h = 1.66 mm is used. The slot dimensions are LS3 = 16.14 mm and WS3 = 2.68 mm with the spacing of the 

slots S1 = 18.57 mm, S2 = 1.68 mm and S3 = 5.17 mm as shown in Figure 1. In order to support the superstrate and suspend it in 

air, silicon spacers are used with air filled dielectric substrate of Єo ≈ 1 having air thickness of Δ = 8.5 mm between the patch 

and ground plane. Alternatively, other kind of spacers can be used to suspend the superstrate and ground plane. However, the 

results show no difference between two methods. The feed point location is selected on the radiating patch element on the 

center line of Y- axis from the edge of the patch as in Figure 1. In order to avoid drilling a hole through superstrate an inverted 

patch configuration is adopted, wherein a vertical probe is soldered to a horizontal slotted patch printed on the lower side of the 

suspended superstrate. On the other hand, the use of superstrate also provides the necessary protection for the patch from the 

environmental effects. These techniques offer easy patch fabrication especially for antenna array structures. The slot 

dimensions are taken in terms of λo where, λo is operating free space wavelength. A copper plate of dimension Lg = Wg = 40 mm 

with thickness h1 = 1 mm is used as a ground plane.  
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Figure1. Geometry of fabricated patch 

III   Results and Discussion 
The designed frequency of the proposed antenna is 3.85 GHz and the antenna resonates at lower frequency of 3.55 GHz. The 

impedance bandwidth with return loss (RL) less than -10 dB is measured for the frequency range of 2 – 6 GHz as shown in 

Figure 2. The measurements are taken on Vector Network Analyzer (Rohde and Schwarz, Germany make ZVK model 

1127.8651). Defining the impedance bandwidth as the frequency range where S11
 
≤ - 10 dB, the proposed patch antenna 

provides 9.41 % (320 MHz) impedance bandwidth with a return loss of -19 dB with a gain of 3.47 dB at resonant frequency 

3.55 GHz when compared to conventional antenna providing 1 - 2 % (45 MHz) impedance bandwidth. Since the proposed 

antenna resonates at a lower frequency 3.55 GHz compared to the designed frequency, a compactness of 21 % is obtained 

suitable for portable wireless applications. 

 
Fig. 2 Return loss (RL) versus Frequency (f) of proposed antenna 

 

Figure 3 shows co-polar and cross-polar omni-directional radiation pattern measured at 3.55 GHz. Figure 4 (a) shows measured 

VSWR of 1.249 which is less than 1.5 at frequency 3.55 GHz signifying less reflected power and Figure 4 (b) shows the input 

impedance of 52.06 + j9.798 Ω on Smith chart validating better matching characteristics between input and load. 

 

 

 

 

 

 

 

 

 

 

         Fig. 3 Radiation pattern of proposed antenna 

 

 

 

 

 

 

     Fig. 3 Radiation pattern of the proposed antenna 
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(a) (b) 

Fig. 4 (a) Variation of measured VSWR with frequency (f) in GHz, 

(b) S mith chart diagram  

IV. Conclusion 
A single slot rectangular microstrip antenna element has been studied experimentally and presented. It consists of a superstrate 

patch with slot embedded on patch and placed above the ground plane, developed for various wireless applications. Compared 

with a conventional patch antenna, it has a better omni directional radiation pattern and provides an increase in bandwidth upto 

9.41 % (320 MHz) with a compactness of 21 %. Hence, the proposed antenna is quite easy in design, fabrication and 

implementation and uses low-cost dielectric material as cost effective method. Designed antenna finds application in European 

fixed satellite services and in WiMax applications. 
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Abstract : 
In this paper, we present a new Data encryption scheme named as Ordeal Randomized Secure Data Encryption Scheme (ORSDES). 

The theoretical security measures are also discussed and ORSDES advocates its competency. Through this paper, we encourage and 

motivate the user to use DES as ORSDES with more efficiency and security. Mainly we emphasis on secrecy of key because all 

knows, In cryptography key always have important role. Using a variable pseudo random number and  operational function, the new 

generated key for each block of message make ORSDES more attractive and usable. ORSDES motivates itself the user to use it with 

new destiny of confidence, integrity and authentication.   

Keywords: Cryptography, Data Encryption Standard, Pseudo Random Number Generator, Secret key. 

Introduction 
Data Encryption Standard (DES) symmetric key cryptosystem, which was the natural choice, given that this cryptosystem had been 

around since 1976 and adopted by the US government in 1977, is the US government's secret-key data encryption standard and is 

widely used around the world in a variety applications  

The input message is also known as "plaintext" and the resulting output message as "ciphertext". The idea is that only recipients 

who know the secret key can decrypt the ciphertext to obtain the original message. DES uses a 56-bit key, so there are 256 possible 

keys [1]. 

 Due to its importance, DES has received a great deal of cryptanalytic attention. However, besides using the 

complementation property, there were no short-cut attacks against the cipher until differential cryptanalysis was applied to the full 

DES in 1991 [2–4]. 

In [5], Chaum and Evertse presented several meet-in-the-middle attacks on reduced variants of DES.  

In 1987 Davies described a known plaintext attack on DES [6]. In [7] these results were slightly improved but still could not attack 

the full DES faster than exhaustive key search. 

 In 1994 Biham and Biryukov [8] improved the attack to be applicable to the full DES. A chosen ciphertext variant of the attack is 

presented in [9]; it has a data complexity of 245 chosen plaintexts. The first attack on DES that is faster than exhaustive key search 

was presented in [10]. In [11] another attack on DES is presented, linear cryptanalysis. This attack was later improved in [12] by 

exploiting nonlinear relations as well. The improved attack has a data complexity of 242.6 known plaintexts. Using chosen 

plaintexts, Knudsen and Mathiassen reduced the data complexity in by a factor of 2. 

Even after DES was theoretically broken, RSA published a plaintext and its ciphertext encrypted using DES under some unknown 

key, and offered a prize of several thousand US dollars for whoever finds the secret key [13]. The first exhaustive key search took 

about 75 days and the key was found using 14,000–80,000 computers over the Internet [14]. In 1997 the Electronic Frontier 

Foundation (EFF) built a special purpose machine that costs 250,000 US dollars which retrieved the key in 56 hours by means of 

exhaustive key search [15]. The approach of treating reduced-round DES as an algebraic equation was also suggested in [16].  

Motivation behind our work: Despite the weaknesses of DES, the cipher is still widely deployed and used. In addition, DES-like 

ciphers are being suggested as a solution for encryption in RFID systems [17]. The results of this paper shed more light on the 

security of DES, leading to a better understanding on the way DES can be used [18]. The entire discussed articles describe the attack 

on DES, because DES has a single key to encrypt and decrypt to all blocks of message. After, study the entire journey of data 

encryption standard, now we are going to improve the vigour of key.     

Contribution of this paper: This current article represent a new dimension in the field of cryptography with amplify the security of 

data encryption standard. In practical, data encryption standard is almost impossible to break. Due to the lack of security level 

possibility to break it, becomes easier. So, we went in search of suitable procedure to reduce the possibility of breaking security 

level, which certainly provides improvedness in DES. In our Ordeal Randomized Secure Data Encryption Scheme (ORSDES) 

suggestion, we keen about the security of symmetric key which can provide us to further secure data.   
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1. Preliminaries  
The three most important objectives of cryptography with respect to the information security include-  

 1. Confidentiality. 

 2. Data integrity. 

 3. Authentication [19]. 

Confidentiality refers to the protection of information from unauthorized access.  

Data integrity ensures that information has not been manipulated in an unauthorized way.  

Authentication methods are studied in two groups: Entity authentication and message authentication.  

Modern cryptographic techniques provide solutions for these three objectives.  

In general, there are two types of cryptosystems:  

1. Symmetric (private) key cryptosystems.   

2. Asymmetric (public) key cryptosystems [21]. 

 

1.1.  Symmetric key cryptosystems 

All classical cryptosystems (that is cryptosystems that were developed before 1970s) are examples of symmetric key cryptosystems. 

In addition, most modern cryptosystems are symmetric as well. Some of the most popular examples of modern symmetric key 

cryptosystems include AES (Advanced Encryption Standard), DES (Data Encryption Standard), IDEA, FEAL, RC5, and many 

others. All symmetric key cryptosystems have a common property: they rely on a shared secret between communicating parties. 

This secret is used both as an encryption key and as a decryption key (thus the keyword "symmetric" in the name). This type of 

cryptography ensures only confidentiality and fails to provide the other objectives of cryptography. On the other hand, an advantage 

over public key cryptosystems is that symmetric cryptosystems require much smaller key sizes for the same level of security. 

Hence, the computations are much faster and the memory requirements are smaller [20]. 

 

1.2. Data Encryption Standard (DES) 

DES relies upon the encryption techniques of confusion and diffusion. Confusion is accomplished through substitution. Specially 

chosen sections of data are substituted for corresponding sections from the original data. Diffusion is accomplished through 

permutation. The data is permuted by rearranging the order of the various sections. These permutations, like the substitutions, are 

based upon the key and the original plaintext.  

There are initial and final permutations which occur before and after the sixteen rounds. These initial and final permutations exist 

for historical reasons dealing with implementation on hardware and do not improve the security of the algorithm. For this reason 

they are sometimes left out of implementations of DES. They are, however, included in this analysis as they are part of the technical 

definition of DES [22]. 

 

1.3. Cryptanalysis 

Cryptanalysis is an art of deciphering an encrypted message in whole or in part, when the decryption key is not known. Depending 

on the amount of known information and the amount of control over the system by the adversary (cryptanalyst), there are several 

basic types of cryptanalytic attacks [23, 24, 25, 26, 27, 28, 29]. There are several known attacks on DES like: 

Ciphertext-only attack, Brute force attack, Known-plaintext attack, Chosen-plaintext attack and Chosen-ciphertext attack. 

 

1.4.  Pseudo Random Number Generator 

The two major requirements for a PRNG are 

efficiency, as one may wish to produce a large bulk of numbers in a small amount of time, and security. Particularly, one will wish 

to provide a particular level of cryptographic security, where information leakage is minimized. Such a PRNG will leak a mere one 

bit of information after producing 2n/2 blocks of output, where n is the block size of the cipher in bits (and assuming the key length 

is at least as long as the block length). 

One should prefer block ciphers in CTR mode to generators based on a dedicated stream cipher. CTR mode requires only that the 

block cipher be a pseudorandom permutation, which is widely believed to be a reasonable assumption. Dedicated stream ciphers, on 

the other hand, need to be strong ciphers and also need to resist related key attacks. For example, due to a related key attack, the 

naïve use of RC4 as a PRNG is fundamentally flawed, even disregarding biases in the cipher. Cryptographic hash functions can also 

be a good foundation for a PRNG. Many constructs have used MD5 or SHA1 in this capacity, but the constructions are often ad hoc. 

When using a hash function, we would recommend HMAC in CTR mode (i.e., one MACs counters for each successive output 

block). Ultimately, we prefer the use of block ciphers, as they are generally better-studied constructs. Depending on the threat 

model, one may wish to consider protected memory, which is difficult to ensure [30, 31, 32, 33]. 

 

2. Our Approach 
In this approach, we encourage the user to use data encryption standard with more efficiency and security. Mainly we emphasis on 

secrecy of key because all knows key always play vital role in cryptography.  
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In Traditional DES: 

The key block size is 56 bit. 

Data block size 64 bit,  

DES follows the block cipher mode encryption and decryption.   

Message (M) = {m1, m2, m3,................, mn}  

Key (K) = {K}   

For Encryption/Decryption: 

Ci = EK{mi}            

Cipher Text C = {C1, C2, .................., Cn} 

And  

mi = DK{Ci}            

Plain Text M = {m1, m2, .................., mn} 

As per traditional DES, Encryption process follows the feistel structure (16- round) and make a new key for each round by the 

permutation on bits of key k. Same key k applies on each block of message m using shifting property for encryption and decryption 

through DES. 

 

Orsdes Approach: 
We also using the same feistel structure and same process for encryption and decryption but we add a new process for key 

generation. In this process, key itself generate n different keys using a function and random number generated by Pseudo Random 

Number Generator (PRNG) then new generated key block applies on the each block of message for all round of DES. For each 

block of message, the process generates a separate key. This new generated key used in encryption phase as well as the decryption 

phase.  

The key block size is 56 bit. 

Data block size 64 bit,  

DES follows the block cipher mode encryption and decryption.   

Message (M) = {m1, m2, m3,................, mn}  

Key (K) = {Knew i}  

 

Key Generation 

F{K and Rj}=Knew i 

Rj = {Kj║Idencryptor} 

Where Kj generated by Pseudo Random Number Generator (PRNG)  

and [1 ≤ Kj ≤ (256 = 2,057,594,037,927,936)] 

 

Function F 

Step 1: 
Input the bit value of initial key K (56-bit). 

Step 2: 
Input generated Rj with random number Kj and Id of encryptor, generated by PRNG

*
. 

(
*
PRNG Property- 256 no., random number generator) 

Step 3: 

Convert Kj into 56- bit binary number. 

Step 4: 

Now, we have  

Key K = {KB1, KB2, KB3, ............., KB56} 

And Kj ={Rb1, Rb2, Rb3, .................., Rb56} 

Where KBr is the bit of Key and Rbr is the bit of Random no. Here r =1, 2, 3...............56.  

Step 5: 

 Apply condition on K and Rj. 

IF Rbr = 1 then, Complement (convert 1 to 1 or 0 to 0) of corresponding KBr.  

ANDIF Rbr = 0 then, Retain the same (1 to 1 or 0 to 0) of corresponding KBr.  

Step 6: 

 Knew i = Result of step 5.  

Using this function F every time we get the result Knew i for each block of message. For each block of M we generate a new no. Rj 

and implement function F. Finally get a new key for each block of message. 
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For Encryption/Decryption 

In encryption phase, ORSDES take a message block mn and a new generated key Knew i implement encryption process as per 

traditional DES. One special thing make aur process is different- PLAUSIBLE KEYING. 

PLAUSIBLE KEYING have the property to make various key for various block of message. 

Now, we have a new key for every block of message. This new key Knew i is apply on each block of message M. 

In this process, New key is also make 16 different key for every round of DES using shifting property as per traditional DES. For 

every block of message M, new Knew i makes a new key block for every round of DES to implement in the encryption process. 

 Decryption Process is the inverse step of encryption process. In decryption, we also use the same key which is used in 

encryption.  

Ci = EKnew i {mi}  

and  

mi = DKnew i {Ci},  

where 1≤ i ≤ n. 

Cipher Text C = {C1, C2, .................., Cn} and  

Plain Text M = {m1, m2, .................., mn}. 

3. Security Analysis of ORDES 
In modern cryptography, Encryption / Decryption process based on the key. The strength of key shows that the strongness of 

scheme. In various cryptosystem (symmetric & asymmetric) have tedious way to find out the key.  

The basic concern related to security of key are: 

1. No sharing. 

2. No transfer. 

Benjamin Franklin says “Three people can keep a secret if two of them are dead”. This statement describes itself the major security 

of key is no sharing. 

Cryptographic scheme strength is often described by the bit length of encryption key. The more bits in the key, the harder it is to 

decrypt data simply by all possible key. DES uses 56 bit, Cracking 56- bit algorithm with a single key search might take around a 

week on a very powerful computer. 

Now,  

At time t, the generated key is Knew x, 

At time t + 1, the generated key is Knew y 

And At time t + n, the generated key is Knew z 

Here,  

Knew x ≠ Knew y ≠ Knew z 

It might be possible that, Knew x ≠ Knew y ≠ Knew z, are equal if and only if the generated no. Rj at time t, t + 1, t + n are same, But the 

probability of generate the same no. at different time is very much low because of we are using PRNG. 

Now, Compare with traditional DES, we simply analyze the security level of ORSDES. If message have n blocks then the security 

of ORSDES is increase n times more than traditional DES. We also accept that the process might be face one problem – Increase the 

overhead. But due to aspect of security level, we can compromise with that problem.     

 

Meet-in-the-Middle Attacks:  

Meet-in-the-middle can minimise the number of brute force permutations required to decrypt message that has been encrypted by 

more than one key. This attack targets block cipher cryptographic schemes. The attackers apply brute force technique to both 

the plaintext and ciphertext of a block cipher. He then attempts to encrypt the plaintext according to various possible combinations 

of keys to achieve an intermediate ciphertext (a text that has only been encrypted by one key). Simultaneously, he attempts to 

decrypt the ciphertext according to various possible combinations of keys, seeking a block of intermediate ciphertext that is the 

same as the one achieved by encrypting the plaintext. If there is a match of intermediate ciphertext, it is highly probable that the key 

used to encrypt the plaintext and the key used to decrypt the ciphertext are the two encryption keys used for the block cipher. 

 

Remark: ORSDES successfully meet with this requirement. 

Linear Factors: 

DES consist a plaintext, a key size, a ciphertext and a family of invertible maps indexed by the key space. We say that cryptosystem 

X is a factor of cryptosystem Y if there are maps (called factor maps) between the plaintext, key and ciphertext such that the 

enciphering and deciphering action of cryptosystem A can be recovered from those of cryptosystem B using factor of B. If the key 

space of A is smaller than that of B one can profitably break B by first breaking A. 

Remark: ORSDES successfully meet with this requirement. 
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Weak Keys: 

A weak key „K‟ is a key for which encryption is the same function as decryption. A pair of semi-weak keys, K and K, are keys for 

which encryption with K is the same as decryption with K‟ and vice versa. DES has weak keys, if the number of weak keys is 

relatively small, they may not compromise the cipher when used to assure confidentiality.  

 

Remark: ORSDES successfully meet with this requirement. 

 

Detectable Key Classes: 

One way to reduce the effective keyspace is to divide the keyspace into classes, and then find an attack that reveals to which class 

the key belongs. In some instances, the workload of identifying a key with a specific class is very small; these too are sometimes 

referred to as weak keys. IDEA has several classes of keys detectable with just two chosen-plaintext encryptions. The key schedule 

allows two different keys to have several round keys in common; this reduces the affective keyspace by almost a factor of four using 

233chosen plaintexts. Due to the weak mixing in its key schedule, RC4 has a class of detectable keys. One out of 256 keys is 

detectable, and a detectable key has about a 13.8% chance of revealing 16 bits of the key in the first output byte.  

 

Remark: ORSDES successfully meet with this requirement. 

 

Simple Relations and Equivalent Keys: 

A simple relation occurs between two different keys, manifesting itself as a relationship between the resulting plaintexts and 

ciphertexts. This also allows the keyspace to be reduced in a search. DES has a simple relation known as the complementation 

property: if K encrypts P to C, then the bitwise complement of K encrypts the bitwise complement of P to the bitwise complement 

of C. This reduces the effective keyspace by one bit. DES has pairs of keys for which a simple relation exists, for at least a fraction 

of all plaintexts.  

Two keys are equivalent if they transform all plaintexts identically. This can be considered a special kind of simple relation.  

 

Remark: ORSDES successfully meet with this requirement. 

 

Attacks on One-Wayness: 

A key schedule is one-way if, given several round subkeys, it is infeasible for an attacker to gain any new information about the 

master key or about other unknown round subkeys. For instance, recovering a few round subkeys allows one to recover most of the 

master key in the DES key schedule. Furthermore, it may be easier to find weak keys and related keys for key schedules which are 

not one-way. 

 

Remark: ORDES successfully meet with this requirement. 

 

Related Key Attack: 

A related-key attack is one where the attacker learns the encryption of certain plaintext not only under the original (unknown) key 

K, but also under some derived keys K‟= f (K). In a chosen-related-key attack, the attacker specifies how the key is to be changed; 

known-related-key attacks are those where the key difference is known but cannot be chosen by the attacker. We emphasize that the 

attacker knows or chooses the relationship between keys, but not the actual key values. 

Three-key triple-DES is a well-known method for strengthening DES with a 168-bit key; it is also vulnerable to related-key attacks. 

This mode can be considered a 3-round cipher with independent 56-bit round subkeys, realizing that each round is very strong. 

Quixotically, one might use rotational related-key cryptanalysis; however, such an approach would require many known plaintexts.  

 

Remark: ORSDES successfully meet with this requirement. 

 

4. Conclusion:  
Our section 4 completely advocates the plausibility of ORSDES. This plausibility of key gives an authenticated encryption due to 

concatenation of identity of encryptor. It is successful and needful for current communication scenario. 

 

Case I  

If we take one and only one Key on the place of n keys then Knew I is K, at this condition our approach works like DES. 

 

Case II 

If Knew 1 = Knew 1 = Knew 1, than our approach also works like DES. 
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Abstract:- 
The scope of this paper includes development and implementation of virtual lab for amplitude Modulation.  The study of 

amplitude modulation is important in data communications and network.  The amplitude modulation experiment can be 

performed by using the concept of virtual Intelligent SoftLab (VIS). The virtual experiment described here will help students to 

perform it any time anywhere.  The screen shows virtual carrier, modulating and modulated waves and the necessary circuit for 

studying Amplitude modulation.  There is a facility for change of amplitude and frequency of modulating signal.  The effect of 

mixing of carrier and modulating signal is also visible on the screen.  

Keywords: - Modulation, SoftLab, Virtual, VIS Model 

1. Introduction 
Science subjects always have a component of practical.  In subject like Physics and Electronics students have to perform a large 

number of experiments in an academic year.  Many times students do not get time to repeat experiments which they have 

performed during the session.  Also many of the laboratories lack in resources to perform experiments in which sophisticated 

instruments are required.  Therefore to provide access to laboratory experiments, anytime anywhere, concept of virtual 

laboratory is being developed.  This virtual laboratory can cater to students at under graduate (UG) and post graduate (PG) 

levels.  Some software‟s like Mat Lab and Lab View are available for simulation of experiments and for other purposes.  

However, these software‟s are generally available only in Institutes/Laboratories and student can use them only during college 

hours.  It is therefore decided to develop software for performing individual experiments virtually on computer screen.  In this 

laboratory an attempt has been made to develop software for electronics experiments from basic to advance level.  Basic 

experiments such as study of characteristics of devices, have been describe else ware [1-2].  Software based on Visual Basic for 

constructing and virtually performing an experiment on amplitude modulation is virtual environment described in this paper. 

2.   Modulation 

Modulation is defined as a process by which some characteristic usually amplitude, frequency or phase of the voltage of carrier 

wave is varied in accordance with the instantaneous voltage of some other wave called the modulating signal.  The modulating 

signal is a low frequency signal where as the carrier is of high frequency.    In modulation the low frequency (modulating 

signal) is supper imposed on the high frequency (carrier) thereby shifting the low frequency (message) to higher frequency.  It 

is possible to radiate the message through space and therefore known as wireless communication.  Fig-1 shows the modulating 

and carrier waves where as Fig-2 shows the amplitude, frequency and phase modulated waves [3].  In the next section complete 

amplitude modulation experiment in virtual environment is described so that students can perform and understand the concept 

of modulation. 
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Fig – 1 

  

Amplitude modulation Frequency modulation 

 
Phase Modulation 

Fig – 2 

3.   Methodology 
Visual Basic is a third generation event-driven programming language and integrated development environment from Microsoft 

for its COM programming model. VB is also considered as relatively easy to learn and use programming language, because of 

its graphical features.  Visual Basic was derived from BASIC and enables use of graphics user interface, access to database and 

creation of ActiveX controls and objects.  A programmer can put together the component provided with Visual Basic itself to 

develop an application.  The language not only allows programmers to create simple GUI applications, but can also develop 

complex applications. Programming in VB is a combination of visually arranging component or control on a form, specifying 

attributes and actions of those components. Visual Basic can create executables (EXE files), ActiveX control or DLL files, but 

is primarily used to develop Windows applications. The beauty of this model is that it does not require the Database to manage 

data [5]. 

 

4.   VIS MODEL 
A program is constructed for conduct of Amplitude modulation experiment in VIS in „VB‟ such that all the blocks in the model 

can be fully visualized on the screen. This model also can demonstrate the activities of Amplitude Modulation including circuit 

connection visually. Inputs accepted through virtual carrier signal generator and modulating signal generator generates 

Modulated virtual output which is observable on screen.  In an experiment, one can provide different amplitude and frequency 

values for modulating signal and observe modulated signal.  This model provides circuit connection facility to user so that the 

user can practice circuit connection also.   

 

4.1   DESIGN SPECIFICATIONS 

An amplitude modulation VIS Model requires virtual sine wave generators, virtual CRO and virtual connection wires.  Virtual 

sine wave generator allowed different setting of amplitude and frequency in both carrier wave signal and modulating wave 

signal. The virtual instruments required for complete experimental setup like virtual AC supply, carrier wave generator, 

modulating wave generator, CRO and DC power supply are visible on the screen.  With this arrangement modulation from 0% 

to 100% or more can be very easily studied. 

Important screen shots of the experiment which appear on the monitor screen are shown in Fig-3, Fig-4, Fig-5 and Fig-6.  
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Fig-3: VIS Model before Connection 

 
Fig-4: VIS Model 100% Amplitude Modulation 
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Fig-5: VIS Model 50% Amplitude Modulation 

 

 
Fig-6: VIS Model 10% Amplitude Modulation 

4.2   IMPLEMENTATIONS 

To perform the experiment with VIS Model one has to go through the following steps.  

Step: 1. Connect AC socket to DC Converter device. 

Step: 2. Connect DC power supply to Vcc pin. 

Step: 3. Connect Ground Socket to Ground Pin. 
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Step: 4. Connect AC power supply to virtual sine wave generators and CRO. 

Step: 5. Change Amplitude and/or frequency and observe modulated waves on CRO. 

This model is user friendly. Here, the instructor/student can access the detail procedure to connect the circuit. This procedure 

includes following steps –  

 Select two switches for connection. 

 Click the “Check Button” to verify the connection. 

 Click the “Reset Button” if the connections are WRONG. 

 Click the “Help Button” if you need Connection HELP 

 Click the “Menu Button” if you want to perform other Experiments 

 

4.3   RESULTS 

Effect of change in amplitude or frequency of modulating signal on modulated signal is observable from no modulation to 

100% or above.  Actual calculations of % modulation also can be performed from on screen measurements.  

 

5   CONCLUSIONS 
SoftLab will help Electronics, Computer Science and Engineering students to perform and practice experiments to improve 

their understanding of the subject.  The design of the VIS model is more effective and realistic as necessary variable inputs and 

outputs are visible on the monitor screen.  This virtual experiment provides practice to students for the „touch & feel‟ part they 

have already performed in the laboratory. 
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Abstract 
The national economy development affects the vehicle ownership which ultimately increases fuel consumption. The rise of 

the vehicle ownership is dominated by the increasing number of motorcycles. This research aims to analyze and identify the 

characteristics of fuel consumption, the city transportation system, and to analyze the relationship and the effect of the city 

transportation system on the fuel consumption. A multivariable analysis is used in this study. The data analysis techniques 

include: a Corelational Analysis, a Multivariate Regression Analysis by using the R software. More than 70% of fuel is 

consumed in metropolitan cities, 14.2% in large cities and 15.67% in moderate cities. The city transportation system 

variables that strongly affect the fuel consumption are population, public vehicles, and private vehicles. The effect of the net 

population density is not too big. The higher the population density is, the larger the fuel consumption will be. This not same 

the Kenworthy theory (1999) that the higher the population density is, the lower the fuel/per capita consumption will be.  

The model for the effect of the city transportation system on the fuel consumption = 0.1441*MPU
0.1590 

* MPP
0.2148 

* JP
0.7659

.  

This method can be developed to control the fuel consumption by improving qualified and reliable public transportation 

services, efficient routes, improving the city potentials, reducing the number of private vehicles and land use arrangement, 

transforming transportation to information technology. 

 

Key words: consumption, fuel, city typology, transportation system, relationship. 

1. Introduction 

The development of the national economy affects the vehicle ownership which will increase the fuel consumption 

(Marcotullio, 2007). In 1983, Indonesia has a total of 5 million units of vehicles; in 2003 the number grew quickly and 

reached over 20 million units or 7.2% each year (Department of Mineral Energy Resources, 2004). The growth of vehicle 

ownership is dominated by motorcycles. The Department of Mineral Energy Resources (2004) states that fuel consumption 

for transportation in Indonesia has risen sharply. If in 1993 fuel consumption was around 200 million oil-equivalent barrels 

(sbm), in 2003 it doubled to 400 million oil-equivalent barrels. Fuel consumption of the industrial sector is relatively constant 

when compared to the fuel consumption by the transportation sector (Department of Mineral Energy Resources, 2004). This 

means that the transportation sector is the largest fuel consumer (Official Nebraska Government Website, 2003), which is 

around 50% of the world fuel consumption, road transportation in developed countries consumes around 80% of the entire 

fuel consumption in the transportation sector. In developing countries, energy consumption in the transportation sector is 70 

% (Robert Q. Riley Enterprise, 2006). The transportation sector is the largest fuel consumer and in the status quo, the need 

for fuel is bigger than the government’s capability in providing subsidies (Observing and Evaluating Team on the National 

Transportation Performance/TPEKTN, 2008). Therefore, the fuel consumption for road transportation should be a concern, 

for example energy saving through more beneficial policies (Breheny, 1992) or by raising awareness on the issue of 

sustainable energy consumption (Regional Office for Europe, 2002).  

Pearece dan Warford (1996) point out that the concept of sustainable transportation is the foundation as well as the challenge 

in developing and implementing it effectively. One of the challenges in sustainable transportation is the urban resource 

conserving mobility (Carrol, 1977; Cheng-Min and Cheng-Hsien , 2007) or by developing a transportation mobility strategy 

in developing countries (World Bank, 2006). Improving the city transportation system, specifically those triggered by 

growing ownership and consumption of private vehicles, has a negative effect on the city, such as traffic jams and traffic 

accidents, space usage, environment conservation (gas emission, air pollution, energy resource exploitation, etc.). This occurs 

in large cities in developed countries and large cities in developing countries, like Rio de Jenairo, Mexico City, Jakarta, New 

Dehli, Bangkok. 

In implementing the city transportation system, vehicles are direct consumers of the fuel (except for pedestrians and 

engineless vehicles). To repress the fuel consumption, there needs to be an attempt to find out the effect of the city 

transportation system on the fuel consumption. Stopher And Meyburg (1987), state that there is a significant relationship 

between the city transportation system and fuel consumption with uncovered influencing factors.  

The city typology and the city transportation system affect each other. The parameter of the city typology in this regard is a 

demand, including: population density, population, land usage and regional gross domestic product (RGDP). Whereas the 

parameter of the city transportation system is divided into 2 (two) parts, which are: supply: road length, road network pattern, 

road condition, public transportation vehicles, cargo vehicles and public transportation route length. There is also demand: 

private vehicles.  

One thing rarely found in developing cities, especially in Indonesia is research on the fuel consumption using the city 

transportation system variable presented in the model. The research that creates the model of the effect of the city 
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transportation system on the fuel consumption in developing countries, can hopefully be made into a macro model, which is a 

useful basis in making decisions and national policies, based on a strongly justified research. This research aims to create a 

tool to help the planner and designer of the city transportation system in examining the effect of the city transportation system 

on the fuel consumption. 

2. Literature review 
The literature review in this research contains in detail varies theories and has three objectives. First, it presents theories and 

experience that clarify and strengthen what has been previously mentioned in the introduction (especially reaffirming the 

various backgrounds and reasons for choosing the research topic). Second, it presents the result of searching through various 

theoretical and conceptual knowledge considered relevant to the research, like the concepts of the city transportation system, 

city typology, fuel consumption, factors that influence the city transportation system on fuel consumption. The review is used 

as knowledge enrichment and background knowledge relevant with the research, explaining the theoretical and pragmatic 

knowledge from searching the city transportation system, city typology and fuel consumption both in the world (globally), in 

certain cities abroad and cities in Indonesia.  

The literature review is used to gain information on: (a) the source and elements of the city transportation system; (b) city 

typology; (c) fuel consumption; (d) the effect of the city transportation system on the fuel consumption. The cross-reference 

review is to gain information on the parameter, factors, and variables, also to gain information and support (justification of 

researh) of research opportunities from parameters that have barely been touched and have not been done in developing 

countries, like the model for the effect of the city transportation system on the fuel consumption which is considered the key 

in the sustainable and environmental transportation system.  

The Concept of City Transportation System 

Transportation is the attempt of transferring, moving, carrying, or transmitting an object from one place to another so the 

object will be more beneficial or can be useful for certain purposes. The above definition can mean that transportation is the 

proses of transferring, the process of moving, the process of carrying, and transmitting that can not be separated from 

supporting tools to ensure the process runs smoothly according to the desired time (Miro, 2005). 

The Concept of City Typology 

City is a very complex human-lead environment. A city seen as a container has very complex humans inside, have 

experienced interrelation processes between humans and the environment. The product of interrelation produces an orderly 

pattern in land usage which caused the city structure theory to rise (Rodrigue, 2004). City can be discussed through various 

perspectives. City morphology is the city public space, like downtown areas, city space, main roads. City forms basically 

occur due to interactions between inhabitants. Individuals in city societies are not isolated in individual activities, but interact 

in the form of city space. 

The Concept of Fuel Consumption 

Fossil energy is a form of unrenewable energy. This energy type has long been known as fossil fuel. Meanwhile, fossil fuel 

supplies are limited, because it is unrenewable energy, in time it will not meet the people’s needs or run out altogether 

(Department of Land Transportation, 2008). Therefore,  there should be a national fuel consumption conservation especially 

in the land transportation sector. Fossil fuel is an organic substance needed in combustion to create energy or force which is 

the result of crude oil distillation into the desired fractions. The types of fossil fuel include: avgas, petrol, karosene, avtur, 

diesel oil as well as burning oil. The fuel consumption observed in this research includes petrol and diesel oil, because motor 

vehicles in the Java island (2007 and 2008 data) use more petrol and diesel oil. 

3. RESEARCH METHODS 

As stated in the theoretical study, this research includes many variables and data, so the focus is on multivariate analysis 

which is an application method related to the large number of variables made in each object in one or more data 

simultaneously, whereas the development analysis for the nonlinear model is done with the help of software R (nonlinear 

least square). To determine which independent variable should be put into the nonlinear least square (nls) model, the Cobb-

Douglas production function is used, which is a production function involving the influence of the input used with the output 

desired. The diagram of the research process can be seen in Picture 1 below. 
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Picture 1. Research Process Diagram 

 
Picture 2. Research Location 

4. Analysis 
Data on Fuel Consumption  

The data on the fuel consumption was collected in 2007 and 2008 based on petrol station purchases from Pertamina 

(Indonesian Oil Company) in each city each year. The average fuel consumption (petrol+diesel) of cities in Java is 3.411.421 

kilo litres /year, where the petrol is 2,432,872 kl/year, diesel fuel is 978,549 kl/year. The comparison between petrol and 

diesel fuel consumption is 71%: 29%. Petrol is used more by motor vehicles in Java island because the number of private 

vehicles is very high (6,384,406 units or 99.37% of the total number of passenger vehicles), the number of public 

transportation vehicles is low (40,726 units or 0.63% of the total number of passenger vehicles), the percentage of 

motorcycles is more than 82% of private vehicles. 

The highest fuel consumption/year in 2008 was Surabaya (650,085 kilo litres/year), the lowest fuel consumption/year was in 

Mojokerto in 2007 (13,568 kilo litres/year). Meanwhile, Sukabumi had the highest fuel consumption/population/day (0.6 

litres). The city of Sukabumi has a developed area width of 19.63 km2, 12 units of petrol stations. The population of the 

Sukabumi District partly live around the city of Sukabumi, buying fuel in petrol stations in the city of Sukabumi. Sukabumi 

District has a population of 2,391,736 people with an administrative area of 4,199.7 km2, the largest throughout Java and 

Bali, 4.48 % of developed area (18.814 ha). The population of Sukabumi District is almost the same as the city of Bandung’s 

population (2,329,928 people). Bandung has 96 petrol station units. The number of petrol stations in Sukabumi District is 20 

units. So there is a big possibility that the people of Sukabumi District buy fuel in the city of Sukabumi. 

The total total fuel consumption of moderate cities in Java ranges between 13.568 kl/year- 87.898 kl/year. The total fuel 

consumption of large cities ranges between 99.968 kl/year- 152.155 kl/year. The fuel consumption of metropolitan cities is 

292.923 kl/year – 650.260 kl/year. The average, maximum, minimum fuel consumption and number of gas stations can be  

seen in Table 1. 
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Table 1. Fuel Consumption all Cities in Java 

No. Description Maximum Minimum Average 

1. Number of gas stations 96 3 22.32 

2. Total Fuel Consumption (kl) 650,260 13,568 155,064.56 

Petrol Consumption (kl) 456,962 9,776 110,585.09 

Diesel Fuel Consumption (kl) 193,123 3,792 44,479.47 

3. Petrol fuel 

consumption/population/day(l) 

0.65 0.12 0.36 

4. Diesel Fuel 

consumption/population/day(l) 

0.29 0.07 0.15 

Source: Total Results, Mudjiastuti Hadajani, 2011.  

Model Development 

The Total City Fuel Consumption Model for total fuel consumption in all cities in Java is: 

Lntot= A0 + A1lnpj + A2lnbu + A3lnmpu + A4lnmpp +A5lnbp + A6lnab + A7lnsm + A8lnkpdt + A9lnjp + A10lnpdrb + 

A11lnptr + A12lnldt 

The above equation is analyzed using the R program (Fox, 2002). Table 1 shows the VIF value for independent variables in 

the model 1 equation. Some VIF value of independent variables are more than 10 and some are less than 10, variables with a 

VIF value above 10 is the Lnptr variable of 11.0181. The next process is to remove the Lnptr variable, and produce a new 

model that does not include that variable.  

Table 2 VIF (model 1) All Cities Total Fuel Consumption  

vif(model 1) –Total Fuel of All Cities 

lnpj lnbu lnmpu lnmpp lnbp lnab 

5.4793 1.9281 6.5396 25.9299 2.0185 21.4938 

lnsm lnkpdt lnjp lnpdrb lnptr lnldt 

24.2485 238.7008 1,963.4482 6.7604 11.0181 1,404.2180 

 

Once the Lnptr variable is removed, a new model is obtained like in Table 3. Although the Lnptr variable has been removed, 

it is evident that the VIF value of independent variables is still big though not as big as it was previously (the non 

multicolinierity assumption has not been fulfilled). In the second model, the VIF value above 10 is in the Lnsm variable of 

18.8100. The next process is to remove the Lnsm variable, and produce a new model that does not include that variable. 

Table 3 VIF (model 2) Total Fuel Consumption of All Cities 

Vif (model 2) –Total Fuel of All Cities 

lnpj Lnbu lnmpu lnmpp lnbp lnab 

3.4898 1.6866 6.5382 25.7073 1.9401 19.3867 

lnsm Lnkpdt lnjp lnpdrb lnldt  

18.8100 236.2672 1963.0924 6.5579 1399.1252  

 

Table 4 shows that the Lnsm variable has been removed. Although the Lnsm variable has been removed, the VIF value for 

independent variables is still big though not as big as it was previously (the non multicolinierity assumption has not been 

fulfilled). In the third model, the VIF value above 10 in the Lnab variable is 10,6945. The next process is to remove the Lnab 

variable, and produce a new model that does not include that variable. 

Table 4 VIF (model 3) Total Fuel Consumption of All Cities 

Vif (model 3) – Total fuel consumption of all cities 

lnpj lnbu lnmpu lnmpp lnbp lnab 

2.9457 1.6268 4.7517 21.5801 1.9112 10.6944 

lnkpdt lnjp lnpdrb lnldt   

196.1071 1623.0934 6.5568 1170.7635   

 

Table 5 shows that the Lnab variable has been removed. Although the Lnab variable has been removed, the VIF value of 

independent variables is still big though not as big as it was previously (the non multicolinierity assumption has not been 

fulfilled). In the fourth model, the VIF value above 10 is the Lnkpdt variable  of 189,9373. The next process is to remove the 

Lnkpdt variable, and produce a new model that does not include that variable. 
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Table 5 VIF (model 4) Total Fuel Consumption of All Cities 

Vif (model 4) – Total fuel consumption of all cities 

lnpj lnbu lnmpu Lnmpp lnbp lnkpdt 

2.8547 1.3956 4.5583 9.5120 1.9070 189.9373 

lnjp lnpdrb lnldt    

1578.5464 6.4243 1125.1742    

 

Table 6 shows the Lnkpdt variable has been removed. Although the Lnkpdt variable has been removed, the VIF value for 

independent variables is still big though not as big as it was previously (the non multicolinierity assumption has not been 

fulfilled). In the fifth model, the VIF value above 10 is the Lnldt variable  of 11,2038. The next process is to remove the 

Lnldt variable, and produce a new model that does not include that variable. 

Table 6 VIF (model 5) Total Fuel Consumption of All Cities 

Vif (model 5) – Total fuel consumption of all cities 

Lnpj lnbu lnmpu lnmpp lnbp lnjp 

2.8185 1.3807 4.5464 9. 0588 1. 8982 19.2361 

Lnpdrb lnldt     

6.2855 11.2038     

 

According to Table 7 (model 6), the VIF value of each variable is now lower than 10. This means the non multicolinierity 

assumption has been fulfilled, next the variable with the significant value is chosen. From Table 8 (model 7), the Public 

Passenger Vehicles, Private Passenger Vehicles and JP variables have significant values and will be used in the Total Fuel 

Consumption of All Cities model. 

Table 7 VIF (model 6) Total Fuel Consumption of All Cities 

vif(model 6) – Total fuel consumption of all cities 

lnpj lnbu lnmpu lnmpp lnbp lnjp 

2.3793 1.3803 4.4183 8.9208 1.8683 9.6168 

lnpdrb      

6.1371      

Table 8 VIF (model 7) Total Fuel Consumption of All Cities 

 

Vif (model 6) – Total fuel consumption of all cities 

lnpj lnbu lnmpu lnmpp lnbp lnjp 

2.3793 1.3803 4.4183 8.9208 1.8683 9.6168 

lnpdrb      

6.1371      

Model on the Effect of The City Transportation System – Fuel Consumption of All Cities 

By using the R program the following output is produced: 

 

lm(formula = lntot ~ lnmpu + lnmpp + lnjp) 

Residuals: 

     Min       1Q   Median       3Q      Max  

-0.47247 -0.14277  0.02748  0.14329  0.35725  

Coefficients: 

            Estimate Std. Error t value Pr(>|t|)     

(Intercept) -1.93692    0.55982  -3.460  0.00141 **  

lnmpu        0.15898    0.05539   2.870  0.00683 **  

lnmpp        0.21475    0.06668   3.221  0.00271 **  

lnjp             0.76590    0.08850   8.654 2.55e-10 *** 

Signif. Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ‘ 1  

Residual standard error: 0.2102 on 36 degrees of freedom 

Multiple R-squared: 0.9723,     Adjusted R-squared:  0.97  

F-statistic: 421.1 on 3 and 36 DF,  p-value: < 2.2e-16 

 

Based on the above output, the total fuel consumption model is: 
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Lntotal = -1.9369 + 0.1590 Lnmpu + 0.2148 Lnmpp + 0.7659 Lnjp 

This equation can also be written as: 

Total fuel consumption = e 
-1.9369

. MPU
 0.1590

. MPP
 0.2148

. JP
 0.7659 

The total fuel consumption model of all cities in Java has a model accuracy of 0.9723, meaning 97.23% consumption. Total 

fuel consumption of all cities in Java is influenced by variables of public passenger cars, private passenger cars, and 

population. The remaining 2.77% total fuel consumption of all cities in Java is influence by other variables. The resulting 

model of the influence of the city transportation system, cities in Java toward fuel consumption: 

Total fuel      =  0,1441 * MPU
 0.1590  

* MPP
 0,2148  

* JP
 0,7659 

 (1) 

Note: 

MPU= public passenger vehicles; MPP= private passenger vehicles; JP= population 

From the model (1) above, the city typology variable which is the number of city people has a strong effect on the total fuel 

consumption. This strong effect is shown through the power value that approaches 1. This means that the cities with a bigger 

population will have higher total fuel consumption. Public passenger vehicles has an effect on the total fuel consumption, 

though not too strongly. Public transportation is actually very helpful in controlling fuel consumption because people who 

use private passenger vehicles can be accommodated by public passenger vehicles. The existing condition shows that the 

number of public passenger vehicles in each city is generally higher than the number of buses. The bigger the number of 

public passenger vehicles is, the bigger the total fuel consumption will be. To manage fuel consumption there needs to be a 

transition from motorcyle/private vehicle usage to public transportation. 

  

Elasticity is measuring the sensitivity of one variable to another variable. In detail, elasticity can be explained as a number 

which shows the percentage of change happening to one variable as a reaction to each 1 percent rise of another variable 

(Robert S.P. dan Daniel L.R., 2009). From the above definition, it can be interpreted that one percent change in public 

passenger vehicles by assuming that the values of private passenger vehicles and population remain constant will cause a 

change to the total fuel consumption of all cities  in Java up to 0.1590 percent. One percent change of private passenger 

vehicles by assuming that the values of public passenger vehicles and JP remain constant, will change the total fuel 

consumption of all cities in Java up to 0.2148 percent. One percent of population by assuming that the values of private 

passenger vehicles and public passenger vehicles remain constant, will change the total fuel consumption of all cities in Java 

up to 0.7659 percent. 

The Effect of public passenger vehicles on Total Fuel Consumption in All Cities 

The effect of public passenger vehicles on fuel consumption is measured by using elasticity. An increase of public passenger 

vehicles of 1 percent causes an increase in the fuel consumption prediction of up to 0.1590 percent. Figure 3 shows the 

simulation of the effect of the number of public passenger vehicles in the prediction of the Total Fuel Consumption of All 

Cities in Java. 

 

 
 

Figure 3. Simulation on the Effect of Public Passenger Vehicles in the Prediction of the Total Fuel Consumption of all Cities 

in Java 

 

The Effect of Private Passenger Vehicles on Total Fuel Consumption in All Cities 

The effect of private passenger vehicles on the total fuel consumption can be measured using elasticity. An increase of 

private passenger vehicles of 1 percent causes an increase in the fuel consumption prediction of up to 0.2148. Figure 4 shows 

the simulation of the inflluence of the number of private passenger vehicles in the prediction of the Total Fuel Consumption 

of all Cities in Java. 
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Figure 4. Simulation on the Influence of private passenger vehicles in the Prediction of the Total Fuel Consumption of All 

Cities in Java 

The Effect of Population on the Total Fuel Consumption in All Cities 

The effect of population on total fuel consumption can be measured using elasticity. An increase of population of 1 percent 

causes an increase in the fuel consumption prediction of up to 0.7659. Figure 5 shows the simulation of the inflluence of the 

number of population in the prediction of the Total Fuel Consumption of all Cities in Java. 

 

 

 
 

Figure 5. Simulation on the Influence of population in the Prediction of the Total Fuel Consumption of All Cities in Java 

 

Controlling Fuel Consumption 
From the results of the above model, the transportation system variables that influence fuel consumption include 

public passenger vehicles, private passenger vehicles, population. To control fuel consumption due to the public passenger 

vehicles variable is by changing public passenger vehicles with a larger capacity vehicle/buses/Bus Rapid Transit (BRT), if 

possible, use Light Rapid Transit (LRT) or Mass Rapid Transit (MRT). For the private passenger vehicles variable, it is by 

suppressing the growth of private vehicles (private passenger vehicles and motorcycles), using them as little as possible, 

providing reliable, qualified and cheap public transportation, setting an age limit on operating vehicles (private passenger 

vehicles + motorcycles), schools or work provide pick-up services, car-pooling.  

The concept of moving people from one place to another from passenger vehicles is based on the people’s need to 

move or the people’s presence for certain purposes, not movement of vehicles. Nowadays the people’s presence can be 

exchanged with voices, writing, pictures and activities can still be done. Therefore, to control the fuel consumption due to the 

population variable is by transforming transportation to information technology, especially passenger transportation. By 

transforming transportation to information technology, fuel consumers will reduce and activities can still be done in an even 

shorter time than the transporting process.  

Some examples of transforming transportation to information technology are as below: 

1) Invitation to various meetings: at the beginning paper invitations were used and sent to each place personally through 

transportation, later they have been shifted to inviting through short message service (SMS). 

2) Booking traveling tickets: it was previously done by visiting personally to travel agents, now people can get tickets on-

line without having to travel. 

3) Using e-banking: to know the account or savings balance and do transactions can be done without having to go to the 

bank, but just by using the e-banking facility, so the purpose of checking the balance and doing transactions can be 

completed. The same goes for ATM, people do not have to go to the bank to withdraw money and do transactions, as well 

as pay monthly water, electricity and telephone bills. 

4) Talking through SKYPE, communicating through Facebook and email, people do not need to travel or use transportation. 

5) School or work registration, shopping can be done on-line. 
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5. Conclusion 
The effect of the city transportation system on the fuel consumption : 

1. Population has a very strong effect on the fuel consumption. 

2. Personal and public vehicles affect the fuel consumption.  

3. The model of the effect of the city transportation system on the total fuel consumption = 0.1441 * MPU
0.1590  

* 

MPP
0.2148  

* JP
0.7659

 

5. Controlling fuel consumption: controlling the fuel consumption by improving qualified and reliable public 

transportation services, efficient routes, improving city potential, reducing the number of personal vehicles and land 

use arranging, transforming transportation to information technology.  
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Abstract 
Human identification is field very significant and which has undergone rapid changes with time. An important and very reliable 

human identification method is fingerprint identification. Fingerprint of every person is unique. So this helps in identifying a 

person or in improving security of a system. 

Finger print of a person is „read‟ by a special type of sensor. Finger print sensor can be interfaced with a microcontroller. Through 

keypad we can add new user and delete the existing user, also identify the user by selecting corresponding option through keypad. 

In this paper we use a fingerprint module to read once identity to start the equipment. For this we use a microcontroller to enable 

the ignition system if the matching between scanned data and the already existing data is correct. Comparison is done inside the 

fingerprint module itself and its output is given to microcontroller. Result is displayed in a LCD display whether the user is 

authorised or not.  

The sensor used is FIM 3030 by NITGEN. Microcontroller used is AT89c52. AT89c52 is a low power, high power CMOS 8 bit 

microcontroller. It consists of 32 I/O lines. The other main components are the decoder and the latch. The decoder used is 

DM74LS138 where as the latch used is 74HC373. 

 

Keywords: Sensor, relay, FIM, latch, decoder, LCD. 
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Working 
The fingerprint module used here is FIM 3030HV.  When a person places his finger on the module, it scans his fingerprint and if 

he is the first user the module assigns him as master. If another user wants to use this module then he will be regarded as slave.  

 If a person wants to start the vehicle he has to scan his fingerprint and if the scanned image matches with the one stored in 

fingerprint module memory then the module give a high signal on its fourth pin, ie the module indicates a success. Otherwise a 

high signal will be present on the fifth pin of fingerprint module, ie it indicates a failure (user does not exist).    

When a high on fourth pin is observed, it will cause microcontroller to activate the ignition circuit.  

When a high on fifth pin is observed, that is a failure so microcontroller will not activate the ignition circuit. 

When a success is observed, a LCD display will show that the matching is correct and if it is failure then incorrect matching will 

be observed on the LCD display. 
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MAIN COMPONENTS OF THE CIRCUIT 

MICROCONTROLLER 

 

AT89C52 

 
 

Description 
A microcontroller is a complete microprocessor system built on a single IC. Microcontrollers were developed to meet a need for 

microprocessors to be put into low cost products. Building a complete microprocessor system on a single chip substantially 

reduces the cost of building simple products, which use the microprocessor's power to implement their function, because the 

microprocessor is a natural way to implement many products. This means the idea of using a microprocessor for low cost 

products comes up often.  

The microcontroller contains full implementation of a standard MICROPROCESSOR, ROM, RAM, I/0, CLOCK, TIMERS, and 

also SERIAL PORTS. Microcontroller also called "system on a chip" or "single chip microprocessor system" or "computer on a 

chip". 

  

A microcontroller is a Computer-On-A-Chip, or, if you prefer, a single-chip computer. Micro suggests that the device is small, 

and controller tells you that the device' might be used to control objects, processes, or events. Another term to describe a 

microcontroller is embedded controller, because the microcontroller and its support circuits are often built into, or embedded in, 

the devices they control. 

 

            The AT89C52 is a low power, high performance CMOS 8 bit microcomputer with 8kB of flash programmable and 

erasable read only memory ( PEROM). The device is manufactured using Atmel‟s high density non-volatile memory technology 

and is compatible with the industry standard 80C51 and 80C52 instruction set and pin out. The on-chip Flash allows the program 

memory to be reprogrammed in-system or by a conventional non-volatile memory programmer. By combining a versatile a 8 bit 

CPU with flash on a monolithic chip, the Atmel AT89C52 is a powerful microcomputer which provides a highly flexible and cost 

effective solution to many embedded control applications. 

  

Port 0 

Port 0 is an 8-bit open drain bidirectional I/O port. As an output port, each pin can sink eight TTL inputs. 

 

Port 1 

Port 1 is an 8-bit bidirectional I/O port with internal pullups. The Port 1 output buffers can sink/source four TTL inputs. 

 

Port 2 

Port 2 is an 8-bit bidirectional I/O port with internal pullups. The Port 2 output buffers can sink/source four TTL inputs. 

 

Port 3 

Port 3 is an 8-bit bidirectional I/O port with internal pullups. The Port 3 output buffers can sink/source four TTL input 
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FINGERPRINT MODULE 

FIM 3030HV 

 

 

 
 

When a user places their finger on NITGEN‟s Fingerprint Recognition Device (FRD) for the first time, the fingerprint is scanned 

and a 3-D fingerprint image is captured.  All fingerprints contain a number of unique physical characteristics called minutiae, 

which includes certain visible aspects of fingerprints such as ridges, ridge endings, and bifurcation (forking) of ridges.  Most of 

the minutiae are found in the core points of fingerprints, and the core points themselves are found near the centre of the 

fingerprint on the fleshy pad.  Figure shows the positions of core points within fingerprints. 

 

 
The user is enrolled, or registered, in the database after a special minutiae-based algorithm extracts key minutiae points from the 

live image at the time of acquisition and converts the data into a unique mathematical template comparable to a 60-digit 

password.  This unique template is then encrypted and stored – it is important to note that no actual image of the fingerprint is 

stored, only the minutiae-based template.  The next time a new fingerprint image for an individual is scanned by the FRD, another 

template is created and the two templates are compared to verify the user‟s identity. 

 

Operations performed by fim 3030hv 
 

VERIFICATION- This command is used to verify user with the ID number. If the host request user verification with the 

number, the device checks if the ID number exists in user DB. If the ID number exists in user DB, the device scans fingerprint 

image through the sensor module. After internal processing, matching results is returned to the host. 

IDENTIFICATION- the command is used to verify user with the ID number, the device scans the fingerprint image through the 

sensor module. The device searches DB for user matched with input fingerprint. If there exists the matched user, the device 

returns that user ID number to the host. Otherwise the device returns failed result. 

INSTANT MATCHING- This command is used to match template data with input fingerprint. If the host requests instant 

matching with template data, the device matches those with fingerprint scanned through sensor module, and return result to the 

host. 

GET TEMPLATE- The device returns template data get from the image scanned through sensor. 

CANCEL- The device cancels current processing task such as verification, Identification and so on and returns result caused by 

cancel to a host. 

INSTANT VERIFICATION -This command is used to verify user with the ID    and the fingerprint data. It is similar to 

Verification except that Instant verification gets fingerprint data from host instead of the sensor module. 
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ENROLL FP1 -This command is used to add new user. The host requests enrolment of user with the ID number. The device 

checks if the ID number exists in DB. If the same ID number does not exist, the device gets the first fingerprint image through 

sensor module and returns the success of the first step. Then, the host requests another image capture. A device gets the second 

fingerprint image, save the new user to DB, and returns the success of the second step. This command is available only in „Master 

Mode‟. This command will be obsolete, Instead, use „Register FP‟ command. 

DELETE FP -This command is used to delete user. The host requests the deletion of user with the ID number. The device checks 

if the ID number exists in DB. And if the same ID number exists, the device deletes the user from DB, and returns results to the 

host. This command is available only in „Master Mode‟. 

 

Power supply 
The ac voltage, typically 220V rms, is connected to a transformer, which steps that ac voltage down to the level of the desired dc 

output. A diode rectifier then provides a full-wave rectified voltage that is initially filtered by a simple capacitor filter to produce 

a dc voltage. This resulting dc voltage usually has some ripple or ac voltage variation.  

A regulator circuit removes the ripples and also remains the same dc value even if the input dc voltage varies, or the load 

connected to the output dc voltage changes. This voltage regulation is usually obtained using one of the popular voltage regulator 

IC units.   

 

Block diagram 

 

 

 

   

 

 When four diodes are connected as shown in figure, the circuit is called as bridge rectifier. The input to the circuit is 

applied to the diagonally opposite corners of the network, and the output is taken from the remaining two corners. Let us assume 

that the transformer is working properly and there is a positive potential, at point A and a negative potential at point B. the 

positive potential at point A will forward bias D3 and reverse bias D4. The negative potential at point B will forward bias D1 and 

reverse D2. At this time D3 and D1 are forward biased and will allow current flow to pass through them; D4 and D2 are reverse 

biased and will block current flow. The path for current flow is from point B through D1, up through RL, through D3, through the 

secondary of the transformer back to point B. this path is indicated by the solid arrows. Waveforms (1) and (2) can be observed 

across D1 and D3.One-half cycle later the polarity across the secondary of the transformer reverse, forward biasing D2 and D4 

and reverse biasing D1 and D3. Current flow will now be from point A through D4, up through RL, through D2, through the 

secondary of T1, and back to point A. This path is indicated by the broken arrows. Waveforms (3) and (4) can be observed across 

D2 and D4. The current flow through RL is always in the same direction. In flowing through RL this current develops a voltage 

corresponding to that shown waveform (5). Since current flows through the load (RL) during both half cycles of the applied 

voltage, this bridge rectifier is a full-wave rectifier. 

 

IC voltage regulators 
Voltage regulators comprise a class of widely used ICs. Regulator IC units contain the circuitry for reference source, comparator 

amplifier, control device, and overload protection all in a single IC. IC units provide regulation of either a fixed positive voltage, a 

fixed negative voltage, or an adjustable set voltage. The regulators can be selected for operation with load currents from hundreds 

of milli amperes to tens of amperes, corresponding to power ratings from milli watts to tens of watts. 

   

TRANSFORMER 
 

  

RECTIFIER 
 

FILTER 
 

IC REGULATOR 

 

LOAD 
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          Circuit diagram (Power supply) 

 

A fixed three-terminal voltage regulator has an unregulated dc input voltage, Vi, applied to one input terminal, a regulated dc 

output voltage, Vo, from a second terminal, with the third terminal connected to ground. The series 78 regulators provide fixed 

positive regulated voltages from 5 to 24 volts. Similarly, the series 79 regulators provide fixed negative regulated voltages from 5 

to 24 volts. 

 

DECODER 

 DM74LS138 

 

 

Description: 
These schottky – clamped circuits are designed to be used in high – performance, memory – decoding or data routing 

applications, requiring very short propagation delay times. In high – performance memory systems these decoders can be used to 

minimize the effects of system decoding. When used with high speed memories, the delay times of these decoders are usually less 

than the typical access time of the memory. This means the effective system delay introduced by the decoder is negligible. 

The DM74LS138 decodes one-of-eight lines, based upon the conditions at the three binary select inputs and the three enable 

inputs. Two active-low and one active-high enable inputs reduce the need for external gates or inverters when expanding. A 24-

line decoder can be implemented with no external inverters, and a 32-line decoder requires only one inverter. An enable input can 

be used as a data input for demultiplexing applications. 
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LATCH 

74HC373 

 

 

Description: 
                           The 74HC/HCT373 are high-speed Si-gate CMOS devices and are pin compatible with low power Schottky TTL  

(LSTTL). The 74HC/HCT373 are octal D-type transparent latches featuring separate D-type inputs for each latch and 3-state 

outputs for bus oriented applications. A latch enable (LE) input and an output enable (OE) input are common to all latches.  

The “373” consists of eight D-type transparent latches with 3-state true outputs. When LE is HIGH, data at the D inputs enters the 

latches. In this condition the latches are transparent, i.e. a latch output will change state each time its corresponding D-input 

changes. When LE is LOW the latches store the information that was present at the D-inputs a set-up time preceding the HIGH-

to-LOW transition of LE. When OE is LOW, the contents of the 8 latches are available at the outputs. When OE is HIGH, the 

outputs go to the high impedance OFF-state. Operation of the OE input does not affect the state of the latches.  

 

RELAY 

 

 
Relay: 
A relay is an electrically operated switch. Current flowing through the coil of the relay creates a magnetic field which attracts a 

lever and changes the switch contacts. The coil current can be on or off so relays have two switch positions and they are 

doublethrow (changeover) switches. Relays allow one circuit to switch a second circuit which can be completely separate from 

the first. For example a low voltage battery circuit can use a relay to switch a 230V AC mains circuit. There is no electrical 

connection inside the relay between the two circuits; the link is magnetic and mechanical.  

 The coil of a relay passes a relatively large current, typically 30mA for a 12V relay, but it can be as much as 100mA for relays 

designed to operate from lower voltages. Most ICs (chips) cannot provide this current and a transistor is usually used to amplify 
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the small IC current to the larger value required for the relay coil. The maximum output current for the popular 555 timer IC is 

200mA so these devices can supply relay coils directly without amplification.  

              Relays are usually SPDT or DPDT but they can have many more sets of switch contacts, for example relays with 4 sets 

of changeover contacts are readily available. Most relays are designed for PCB mounting but you can solder wires directly to the 

pins providing you take care to avoid melting the plastic case of the relay.  The animated picture shows a working relay with its 

coil and switch contacts. You can see a lever on the left being attracted by magnetism when the coil is switched on. This lever 

moves the switch contacts. There is one set of contacts (SPDT) in the foreground and another behind them, making the relay 

DPDT.  

 

 
 

 

The relay's switch connections are usually labelled COM, NC and NO:  

COM = Common, always connect to this, it is the moving part of the switch.  

NC = Normally Closed, COM is connected to this when the relay coil is off.  

NO = Normally Open, COM is connected to this when the relay coil is on.  

 

Lcd : 
Liquid crystal displays (LCDs) have materials, which combine the properties of both liquids and crystals. Rather than having a 

melting point, they have a temperature range within which the molecules are almost as mobile as they would be in a liquid, but 

are grouped together in an ordered form similar to a crystal. 

 

An LCD consists of two glass panels, with the liquid crystal material sand witched in between them. The inner surface of the 

glass plates are coated with transparent electrodes which define the character, symbols or patterns to be displayed polymeric 

layers are present in between the electrodes and the liquid crystal, which makes the liquid crystal molecules to maintain a defined 

orientation angle. 

 

One each polarizes are pasted outside the two glass panels. These polarizes would rotate the light rays passing through them to a 

definite angle, in a particular direction. When the LCD is in the off state, light rays are rotated by the two polarizes and the liquid 

crystal, such that the light rays come out of the LCD without any orientation, and hence the LCD appears transparent. 

 

Conclusion: 
 Thus fingerprint identification enhances the security of a vehicle and makes it possible only for some selected people to start the 

car. Thus by implementing this relatively cheap and easily available system on a car one can ensure much greater security and 

exclusivity than that offered by a conventional lock and key. 

In actual case a success would initiate a trigger in the spark plug. But due to limitation in initiating a spark plug and due to safety 

reason a prototype has been developed here. The output can be seen using an LED. 
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Introduction 
From ancient to modern times, mankind has been looking for means of long distance communications. For centuries, letter proved 

to be the most reliable means to transmit information. Fire, flags, horns etc. were used to transmit information faster. Technical 

improvement in 19
th

 century simplified long distance communications with use if telegraphy and telephony. Both techniques were 

used for wired communication. In 1873, J.C. Maxwell laid the foundation of electromagnetic theory by summarizing empirical 

results in four equations, which are still valid today.[1] It however took several decades before Marconi made economic use of this 

theory by developing devices for wireless transmission of Morse signal took place. Voice was transmitted for the first time in 1906 

and one of the first radio broadcast transmission was done in 1909 in New York. 

Keywords: Mobile generations, 1G, 2G, 3G, Advantages, Limitations 

History of Mobile Communication- 
The history and status of mobile communications are shortly listed in the following, together with the respective evaluations on the 

chief contributions. 

1) Traditionally, wireless systems were considered as anauxiliary approach that was used in regions where it wasdifficult to build a 

connection by wireline. 

2) 1G was based on analogy technique and deployed in the1980s. It built the basic structure of mobile communicationsand solved 

many fundamental problems, e.g. cellulararchitecture adopting, multiplexing frequency band, roamingacross domain, non-

interrupted communication in mobilecircumstances, etc. Speech chat was the only service of 1G. 

3) 2G was based on digital signal processing techniquesand regarded as a revolution from analog to digitaltechnology, which has 

gained tremendous success during1990s with GSM as the representative. The utilization of SIM(Subscriber Identity Module) cards 

and support capabilitiesfor a large number of users were 2G‘s main contributions 

4) 2.5G extended the 2G with data service and packetswitching methods, and it was regarded as 3G services for 2Gnetworks. Under 

the same networks with 2G, 2.5G broughtthe Internet into mobile personal communications.  

5) 3G is deploying a new system with new services instead of only providing higher data rate and broader bandwidth. Based on 

intelligent DSP techniques, various multimedia data communications services are transmitted by convergent 3G networks. 

Table 1 summarizes the entire development of mobile communications with the properties of each generation including starting 

time, driven technique, representative standard, radio frequency, bandwidth, multi-address technique, cellular coverage, core 

networks, and service type. 

Property  1G  2G  2.5G 3G 

Starting Time  1985 1992  1995  2002 

Driven Technique Analogue signal 

Processing 

Digital signal 

Processing 

Packet switching 

 

Intelligent signal 

processing 

Representative 

Standard  

AMPS, TACS, 

NMT  

GSM, TDMA GPRS, I-Mode, 

HSCSD, EDGE 

IMT-2000 (UMTS, 

WCDMA, 

CDMA2000) 

Radio Frequency 

(HZ)  

400M-800M  800M-900M 1800M-1900M  2G 

Bandwidth (bps) 2.4K-30K  9.6K-14.4K  171K-384K  2M-5M 

Multi-address 

Technique 

FDMA   TDMA , CDMA  CDMA 

Cellular Coverage Large area   Medium area  Small area 

Core Networks  Telecom 

networks  

Telecom networks  Telecom networks, 

Some IPnetworks 

Service Type Voice 

Mono-

servicePerson-to-

person 

Voice, SMS 

Mono-media 

Person-to-person 

Data service 

 

Voice, Data 

Some Multimedia 

Person-to-machine 

Table1: Generation and development of mobile communication 
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Limitations of 3G 
3G still leaves some unsolved problems that it does not concern or concerns only partly. The limitations and difficulties of 3G 

include: 

 Difficulty in continuously increasing bandwidth and high data rate to meet multimedia services requirements, together with the 

coexistence of different services needing different QoS and bandwidth. 

 Limitation of spectrum and its allocation. 

 Difficult to roam across distinct service environment in different frequency bands. 

 Lack of end-to-end seamless transport mechanism spanning a mobile sub-network and a fixed one. 

The development trends of mobile communications can The development trends of mobile communications can besummarized by 

the improvement of three aspects, includingnetwork area, e.g. data rate, bandwidth, and networkcapacity; mobility field, e.g. mobile 

spatial range, speed,coverage ability; and service property, e.g. services quantity,quality, cost, and category. 

 

Limitation of 3G in India 
 With WCDMA based 3G, as the data speed increases the coverage area of the cell become smaller and smaller. For data rates of 2 

Mbps and above, a WCDMA cell can cover only an area of 10 meter radius i.e. about 300 sq. meters. Therefore, to provide 2Mbps 

data connectivity to an Airport terminal of say, 600-meter square (360,000 Sq.Mtr.), there should be 1200 W-CDMA cells. 

 There has been some improvement with HSPDA, but still it is impossible to connect these by wireless links in cellular technology 

and therefore, will have to use Optical Fiber cable connectivity / PON up to the Cell terminal. In this situation the wireless portion 

of the network is only at the end link of 10 meter that can be better managed with alternate technology terminals and higher reach by 

WiMax / WiFi wireless system. 

 As far as mobility is concerned; using W-CDMA cells, with increase in data rate the speed of movement of user terminal also 

become lesser and lesser. For 2Mbps, the speed of movement will be limited to 10 meters /second, i.e. A vehicle moving at 36 K.M 

per hour. Intricacy of ‗hand over‘ at every 20 to 25 meters is also innumerable. Its products can generate. Volume can be built only 

when the product is available, accessible and affordable to community who are interested in such products. 

 The success of any business comes from the volume its products can generate. Volume can be built only when the product is 

available, accessible and affordable to community who are interested in such products. 

 

4G Review- 

Different 4G feature frameworks have been defined from the standpoints of service subscriber, service provider, researcher and 

engineer. In the following we give some representatives of 4G perspectives. 

1) It is easy to say, based on the developing trends of mobile communication, that 4G will have broader bandwidth, higher data rate, 

smoother and quicker handoff, wider mobile area, more various service, lower cost, etc. Obviously these ideas do not make too 

much sense as such. 

 

2) Other than the words ―more‖, ―any‖ and/or ―all‖ are preferred over expressions used by some others, e.g. anyone can 

communicate with anyone else, anywhere and anytime, or enjoy any service of any network operator, through any network of any 

network service provider. These sentences are truly attractive from a subscriber‘s viewpoint, and they sound quite like 

advertisements or word games. 

 

3) DoCoMo introduced the concept of MAGIC for the vision of 4G [2]: Mobile multimedia; anytime, anywhere, anyone; Global 

mobility support; integrated wireless solution; and Customized personal service, which mostly focused on public systems and treat 

4G as the extension of 3G cellular service. 

 

4) European Commission (EC) presented a perspective focusing on ensuring seamless service provisioning across a multitude of 

wireless systems and networks, and providing for optimum delivery via the most efficient network available. Further discussion did 

continuous promotion around 4G concepts [3-5], e.g. private systems and ad-hoc networks, optimal resource utilization, multiple 

radio interfaces, WLAN use, standards for interoperability, etc. 

 

5) A broader, all-encompassing perspective of 4G was proposed in [6], according to which 4G will encompass all systems from 

public to private, operator-driven to ad-hoc, broadband to personal area and ad hoc networks, 2G systems to 3G systems. It focused 

mainly on personalized services. 

It is amusing to see that it is quite easy for anyone to give a prediction on some 4G characteristics, whereas it is more difficult to 

provide an exhaustive description and sufficient investigations, especially on the support of advanced techniques. 
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Features in 4G 

1) User Diversity: 
The external diversity of users, i.e. people in different situations, includes e.g. culture, educational background, economic capability, 

physical property, personal preference, etc. The internal diversity of users, i.e. people with different interfaces, include e.g. vision, 

hearing, speech, touch sense, hands and fingers, body, etc. Note that as for users, both their external and internal diversity are to be 

adapted by the other two targets: terminal and application. Moreover, for adapting the two kinds of user diversity, both the external 

and internal diversity of terminals and applications are the solution. 

 

2) Terminal Diversity and Adaptability: 
The terminals‘ external diversities are the differences of terminals in both static and mobile attributes. Static attributes include e.g. 

functionality, weight, size, battery life, human interface, antenna, processing capability, security, style, and cost. Mobile attributes 

include dynamic attributes of both temporal and spatial features. The former category contains e.g. moving speed and acceleration, 

along with stationary, pedestrian or vehicular qualities, while the latter is connected to spatial range, e.g. indoors, on-campus, in 

urban and rural environments, and also direction. The internal diversity of terminals means that one terminal may integrate multiple 

functions, modes, interfaces, flexibilities etc. There are three targets for terminal adaptability. For users, it includes the provision of 

different terminals to satisfy different users and an individual user‘s various requirements. As for applications, we hope that 

miscellaneous services can be delivered to one single terminal. When networks are concerned, a single terminal can reach a wide 

range of networks despite of location and mobile rate. 

 

3) Network Diversity and Adaptability: 
The external diversity of networks is obvious. Internet is assorted by nature, while wireless networks keep the same property. For 

instance air interfaces can integrate all kinds of standards and work on different frequencies. Moreover, multiple operators deploy 

networks with multiple standards and protocols. The internal diversity of networks means that one network can interconnect with 

other different networks and transfer various kinds of loads, e.g. cellular systems with coverage. Three targets are related to network 

adaptability. In reference to terminals, network adaptability aims to make multiform mobile devices with a wide range of moving 

speeds and mobile areas connectable to wireless networks. For applications, there is a requirement that any type and/or quality of 

service can be delivered through diverse fixed and mobile networks in the most suitable and efficient way. Thetarget for networks 

themselves is to make it easy to build a new network or remove an old one, and to make interoperability with one‘s neighbors 

seamless despite its heterogeneous nature. 

4)Application Diversity and Adaptability: 

The external diversity of applications will be a reasonable property, and this need not mean that 4G services and applications must 

be multifarious, in all the aspects of quantity, quality, and type. With internal diversity we mean that one application can be tailored 

into e.g. multiple levels of quality, various styles, and different kinds of release shape, etc. Application adaptability is a main feature 

of 4G services. To users, this means that services can be delivered automatically according to personal preferences of different 

users. In view of terminals, we hope that various terminals are able to run one application with different formats, such as e-mail in 

text message, voice, image, or even video. In connection with networks, applications can be transformed into various forms and 

levels in order to be transmitted correctly and efficiently. 

Advantages of 4G (Next Generation Mobile Technology)- 
 3G/4G visions take into account installed base and past investments. 

 Strong position of telecommunications vendors expected in the marketplace. 

 Faster data transmission and higher bit rate and bandwidth, allow more business applications and commercialization. 

 Has advantage for personalized multimedia communication tools. 

Conclusion 
This paper presents 4G visions from a technical perspective. 4G is esteemed to possess benefits such as high usability providing 

accessibility anytime and anywhere through a range of technologies, increased data transfer speed, improved quality of service, and 

wide variety of interactive services. The success of Second-generation (2G) mobile systems in the previous decade prompted the 

development of third-generation (3G) mobile systems. While 2G systems such as GSM, IS-95, and cdmaOne were designed to carry 

speech and low-bit-rate data, 3G systems are designed to provide higher data-rate services. A range of wireless systems including 

GPRS, IMT-2000, Bluetooth, WLAN and HiperLAN have been developed with their own merits and demerits targeting different 

service types, data rates, and users. However, no single efficient system exists for integration of all these technologies. 4G system 

that integrates existing and newly developed wireless systems is in incipient stage and international standards do not exist.  

Future wireless networks will need to support diverse IP multimedia applications to allow sharing of resources among multiple 

users. There must be a low complexity of implementation and an efficient means of negotiation between the end users and the 
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wireless infrastructure. The fourth generation promises to fulfill the goal of PCC (personal computing and communication)—a 

vision that affordably provides high data rates everywhere over a wireless network. 

 

References 

[1]. B.G. Evans and K. Baughan, ―Visions of 4G,‖ Electronics & Communication Engineering Journal, Vol. 12, No. 6, pp. 293–

303, Dec. 2000. 

 

[2]. K. Murota, NTT DoCoMo, ―Mobile communications trends in Japan and NTT DoCoMo‘s activities towards 21st century,‖ in 

ACTS Mobile Summit99, Sorrento, Italy, June 1999. 

 

[3]. J. Silva, European Commission, ―Beyond IMT-2000,‖ in ITU-R WP8F workshop, Geneva, Mar. 2000. 

 

[4]. F. Williams, Ericsson, ―Fourth generation mobile,‖ in ACTS Mobile Summit99, Sorrento, Italy, June 1999. 

 

[5]. H. Huomo, Nokia, ―Fourth generation mobile,‖ in ACTS Mobile Summit99, Sorrento, Italy, June 1999. 

 

[6]. J. M. Pereira, ―Fourth generation: now, it is personal,‖ in Proc.11
th

 IEEE Int.Symp.Personal, Indoor and Mobile Radio 

communications, London, UK, Sep. 2000, Vol. 2, pp. 1009–1016. 

 



Nasrul Humaimi Mahmood, Wan Fairuz Jamilah Wan Mohd Ridzwan, Norshazwana Mat Taib and Ismail 

Ariffin /International Journal Of Computational Engineering Research / ISSN: 2250–3005 

IJCER | Mar-Apr 2012 | Vol. 2 | Issue No.2 |248-253                                                                  Page 248 

 

A User Friendly Guide for Spleen Ultrasound Image Enhancement 
 

Nasrul Humaimi Mahmood, Wan Fairuz Jamilah Wan Mohd Ridzwan, Norshazwana 

Mat Taib and Ismail Ariffin 
Bio-Medical Instrumentation and Electronic Research Group 

Faculty of Electrical Engineering, Universiti Teknologi Malaysia 

81310 UTM Johor Bahru, Johor, MALAYSIA. 

 

Abstract: - 
 Spleen ultrasound screening was rarely used because usually people will scan their body thoroughly using CT scan or x-ray to 

observe any abnormalities. However, it is a fact that ultrasound machine is far safer than any other imaging modalities, and it can 

be used to scan any parts of the body except for hard tissue such as bone. In this paper, we proposed an approach to obtain spleen 

ultrasound image and perform image quality enhancement so that the image of spleen is clearer and easier to analyze. The used 

method is Region of Interest based image filtering using a MATLAB. The Graphical User Interface (GUI) of the work is also 

created to have user friendly analysis. This approach is really suitable for new learners to learn one of the biomedical image 

processing techniques. From the results, it shows that this method can enhance the image quality especially at the region of 

interest specified. 

 

Keywords: - Spleen Ultrasound, Image Enhancement, MATLAB, Region of Interest, GUI 

 

1   Introduction 
Ultrasound is one of the diagnostic equipments to diagnose human internal organs, tendons, to capture their size and structure. 

Ultrasound is usually used for pregnancy, as the images for others' internal organs that are not very clear. Typically, the image of 

ultrasound is depending on the operator view.  Hence, the purpose of this work is to help operator view to get a clear image of 

ultrasound and could be use not only for viewing the fetus in mother’s womb but to view other soft organs or abnormalities in 

the human body. Since ultrasound is the safest imaging modalities compared to other image modalities, so it would be very safe 

to diagnose patient. This work will focus on spleen as a subject or soft tissue that taken from human via ultrasound. One of the 

problems of spleen ultrasound image is how to get a clear view of spleen since a normal size spleen is hard to be seen in the 

ultrasound image. It is good to examine with the patient rolled onto the right side at a 45-90
O
 angle and in the left-side-up 

decubitus position. Region of Interest (ROI) mask, ROI Filter, Histogram Equalization and Active contour techniques from 

MATLAB is used to get a clearer spleen image.  

 

2   Literature Review 
The spleen is a soft, blood-rich organ that filters blood and the largest lymphoid organ in the body and interposed within the 

circulatory system. The spleen lies in left hypochondrium behind the stomach, above the left colic flexure and to the side 

(laterally) of the left kidney. It lies underneath the diaphragm, in front and to the side of the left 9
th

 to 11
th

, sometimes 12
th

 ribs. 

The size of spleen is about the size of a cupped hand. The length is approximately 10 cm, the width is approximately 5 cm and 

the spleen is about 3-4 cm thick. The weight of the spleen may vary between 150 to 200 grams (5 to 7 ounces) [1].  

     Enlarged Spleen (splenomegaly) is one of the spleen diseases. An enlarged spleen can be caused by infections, cirrhosis and 

other liver diseases, blood diseases characterized by abnormal blood cells, problems with the lymph system, or other conditions. 

It may be caused by Viral infections, such as mononucleosis, parasitic infections, such as toxoplasmosis, bacterial infections, 

such as endocarditis (an infection of heart's valves), Leukemia, Lymphoma (a cancer of lymph tissue, such as Hodgkin's 

disease), sickle-cell anemia, sarcoidosis, malaria, bacterial andocarditis, pernicious anemia, leishmaniasis, Banti’s disease, 

hereditary spherocytosis, glandular fever and tumors. Figure 1(a) and (b) are the comparison between mild splenomegal with 

normal spleen [1]. 

 

         
        (a)         (b) 

http://www.webmd.com/a-to-z-guides/human-anatomy-the-liver
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Figure 1: (a) Normal Spleen. (b) Longitudinal view of the spleen shows mild splenomegal  (length 13cm) due to infectious 

mononucleosis and a typical splenunculus at the hilum. 

 

Usually, a normal sized spleen is hard to be seen in ultrasound image however it is best examined with the patient rolled onto the 

right side at a 45-90
O
 angle, in the left-side-up decubitus position [2-3]. 

     

3   Material and Methods 
There were several processes involved in this work. Generally, Figure 2 describes the flow of methodology, from obtaining the 

image until the image being processed. First, few spleen images were taken from human body using ultrasound. The most 

suitable image was then selected as an image subject. After the image was obtained, the image is processed and enhanced using a 

MATLAB software. A few processes involved, which were loading the image, creating the mask in a spleen shape to be used for 

filtering, a few techniques of filtering, histogram equalization, and also an enhancement technique using active contour. One of 

the functions which is the localized segmentation is modified from [8]. 

 

 

 

 

 

    

 

 

 

 

Figure 2: Flow chart of the methodology. 

 

There are a lot of standard operation procedures for using ultrasound machine. Firstly, operator must decide the most suitable 

probe to use and to plug into the ultrasound machine. Normally, 3.5MHz or 5MHz probes frequency can be used to scan the 

spleen image. Current probes such as 7.5MHz probes provide adequate penetration of spleen. The most appropriate probe is 

sector or curvilinear probe as shown in Figure 3. Wide probe footprint allows accurate measurement thus useful in obtaining 

maximum length of spleen on the image. As a routine part of splenic assessment, color Doppler or amplitude imaging can be 

used to assess vascularity (appearance of veins through skin). The operator must sit or stand to sit comfortably in front of the 

machine so that you can reach the patient without bending sideways unnecessarily. After switching on the machine, operator 

must register for new patient data. Then, operator can start scanning for patient’s spleen. Sufficient acoustic coupling gel must be 

used, especially on hairy patient to reduce the resistance between the probe and skin. The transducer must be held with the tips 

of right thumb and fingers. This is important as it allows the operator to roll the probe around its long axis. The transducer wire 

also must be arranged so that its weight does not drag on the hand holding the probe. 

 

 
Figure 3: Curvilinear probe. 

 

     General approach to scan spleen is intercostals approach as the spleen is situated posteriorly and subcostally in the left upper 

quadrant. If the spleen was scanned via anterior approach, where the patient in a supine position, it will result in no visualization 

of spleen. This is because gas in the intervening stomach and splenic flexure will prevent sound transmission.  

     After the image has successfully obtained, a graphical user interface (GUI) was developed using MATLAB software. The 

purpose of this GUI is to provide user friendly environment for enhance the image quality so that the image can be analyzed 

easier. Next, selected image is load into Matlab for enhancement processes. Region of Interest (ROI) mask is applied to the 

image so that only the selected region is filtered using ROI filter. To enhance the contrast of the grayscale image, histrogram 

equalization is applied to image using contrast-limited adaptive histogram equalization. Finally, an active contour technique is 

applied to outline the object or region of interest in the image. The example of MATLAB coding [9] for ROI mask, ROI filter, 

histogram equalization and active contour is shown in Table 1. 

Scanning spleen 

image 

Load the spleen 

image 

Apply ROI Mask 

Apply ROI Filter Histogram 

Equalization 

Active contour 
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Table 1: Examples of MATLAB coding used in the program. 

Process Matlab Coding Process Matlab Coding 

ROI mask A=imread('mask2.jpg'); 

I = imresize(A,.5); 

figure, imshow (I), title('Fixed 

Mask Kidney'); 

Active 

Contour 

image = 

getappdata(0,'MyImagePass'); 

image2 = rgb2gray(image); 

I = adapthisteq(image2); 

c = [140 325 160]; 

r = [70 75 300]; 

m = roipoly(image,c,r); 

I = imresize(I,.5);   

m = imresize(m,.5);   

(I, m, 80);   

axes(handles.axes2); 

imshow(imagepushbutton4); 

ROI filter BW = roipoly; 

I = imresize(BW,.5); 

figure, imshow (I); 

B = rgb2gray(image); 

h = fspecial('unsharp'); 

filteredimage = roifilt2(h,B,BW); 

Histogram 

Equalization 

imagepushbutton2 = 

adapthisteq(filteredimage); 

imagepushbutton4 = 

adapthisteq(image2); 

 

     The key point in this work is „roipoly‟ and „adapthisteq‟  because this function is not only enhance the contrast of the 

grayscale image which makes image clearer but it act as preparation of active contour so that the region of interest is easy to be 

selected. The function „roipoly‟ also enable user to select region of interest themselves thus enhance the selected part of the 

image. 

 
Figure 4: Spleen mask 

 

Figure 4 shows the result of ROI Mask where the spleen mask is created. This process is necessary to select the region so that a 

portion in the shape could perform some other operations later. This mask is prepared beforehand, thus, when used for filtering 

this image is called using „imread‟ function. The complete GUI system is shown in Figure 5. 

 

 
Figure 5: GUI for the project using MATLAB. 

 

After the desired region is masked, it is then being filtered using ROI Filter. Here, only the masked region (where the picture of 

spleen is covered by spleen mask) is filtered, and the rest is still in its original condition. Then the contrast of the image is 

adjusted using Histogram Equalization so that it becomes clearer and easier for active contour to select the region of interest. 

Finally, an active contour is applied to outline the object or region of interest in the image [4-8]. 
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4   Result and Analysis 

 For both machines, images of spleen were obtained from different views and angles to find the best angle and position of the 

probe so that image obtained can fully and clearly show the spleen. Since all the subjects chosen have a normal spleen, thus, all 

spleen images that have been collected only consist of normal spleen image. After a GUI is developed, the program was tested 

on five different samples of spleen ultrasound image, which were obtained earlier using Kontron™ and Toshiba™ ultrasound 

machines. Table 2 shows the result obtained after using the filtering of ROI function. 

   

Table 2: Results of GUI for 5 different images of spleen 

Original Scanned Image  Results of Processed Image 

 

 
 

 

  

  

  

  

 

This result obtained after loading the sample image and clicking the „ROI Filter Freehand Mask‟ button. User must locate the 

ROI themselves after clicking the button by moving the pointer around the image of spleen so that the mask calculated will fit 

the spleen. After that, MATLAB function will enhance the selected ROI with „unsharp‟ filter and perform histogram 

equalization to the image. The output image shows a clearer image  than the original image scanned with the machine. 
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    In GUI, there are also buttons for fixed mask. The advantage of this fixed mask function is that the image can be enhanced 

more than once, and the ROI of the  image can be enhanced using various other functions such as Sobel filter and active contour 

function. However, using this function, only one image can be enhanced because the fixed mask created can only fit that 

particular image which is for single spleen image.  

 

 
Figure 6: Fixed mask for the spleen 

 

The fixed mask created as shown in the Figure 6 can only fit the image of spleen as in the Figure 7, thus, if this function is used 

for other images, the mask cannot overlap to the real position of spleen in that particular image. The ROI is enhanced at the fixed 

location. There is also a limitation to this function where the image and the mask must be in the same size. Otherwise, an error 

will occur and image processing cannot be continued. 

 

 
Figure 7: Filtered image using Sobel filter. 

 

There is also a function in the GUI which used a fixed mask as shown in Figure 8 for kidney so that the image of kidney will be 

blurred, thus, making the image of spleen look clearer. This function can be obtained by clicking „ROI Filter Disk‟ button. 

 
Figure 8: Fixed mask for Kidney. 

 

 
Figure 9: Blurred image of Kidney. 
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The blurred image of kidney (Figure 9) is also used fixed mask of kidney, which also gives the same disadvantage. Only single 

spleen image can be used for this function. However, the filtered image shows a clear image of spleen when the image of kidney 

is blurred.  

 
Figure 10: Final output of Active Contour function 

Lastly, the other function of GUI created is an active contour function. For this function, the mask is also a fixed mask which is a 

predefined triangle. From the triangle mask, this function will find the region of interest automatically. The output of this 

function is in black and white form where black is the background while white is the region of interest as shown in Figure 10. 

Although the output cannot precisely locate the boundary of the spleen, we can see the output image obtained have similarities in 

the shape of a real spleen. This problem may be caused due to limited mask, and the number of iteration performed in the image. 

Further research is required to achieve a better mask that can automatically find the region of interest regardless the position of 

spleen in the image. 

 

5   Conclusion 
The ultrasound image of spleen has been successfully obtained using the allocated machine. The image was processed using 

MATLAB software to obtain a higher-quality image of spleen. GUI that has been created using MATLAB makes the image 

enhancement more users friendly and easier to analyze. Although the study is only focused on developing the user friendly 

interface, it is hope that new learners in biomedical image processing will learn and appreciate a simple tool to enhance the 

medical ultrasound image effectively.  
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Abstract  
It is a known fact that medical practitioners seldom prefer to work in rural areas. For providing medical help to rural population 

more particularly to people from hard to reach areas computer assisted medical health system is developed. This paper discusses 

the method for fast clinical assistance in hard to reach places & its applicability. 

Keywords: CAMH, Gynecology, emr 

1. Introduction 
Decision making by the clinician in the management of his patients is a highly intellectual activity which involves: 

1. His skill in gathering and evaluating new information about the patient, 

2. His ability to readily recapitulate the information he has already logged in the patients record and, 

3. His ability to effectively utilize the large body of medical knowledge which expresses the relationship between the data 

describing each individual patient and the diagnostic, prognostic and therapeutic options available for managing the patients 

problems optimally. (1) 

To carry out this intellectual activity medical professionals are not available in rural areas. Unavailability of health care in rural 

areas is the outcome of paucity of medical professionals. Even the Government is unable to retain Doctors for rural areas. 

A national level workshop was held in July 2011 to identify implementation research priorities. Following important questions 

emerged as highest priorities (2). 

1. How can doctors, nurses and technicians be attracted in rural and hard to reach areas? 

2. How can mothers, newborns and children needing health care be reached in hard to reach places? 

3. How can quality of health care received by mothers, newborns and children in health facilities be improved? 

Using Information Communication Technology all the three questions can be solved. In this paper a Computer Assisted Medical 

Health System (CAMH) for fast clinical assistance in Gynecology and Obstetrics in the hard to reach places is described which 

may be extended across most of the disciplines of medical sciences. Not only government but private medical practitioners and 

hospitals may get involved in this activity and therefore success on implementation of the method is guaranteed.    

2. Methodology 
The model of medical health system described here is hoped to provide a solution to much of the health problems faced by rural 

populous. Properly designed Information Communication Technology based programmes have been generated to enable the semi-

trained personnel to collect data using pre defined questions and derive conclusion.  A pre meditated computer programme in the 

discipline, Gynecology; has been developed with proper medical data base at the back end. Also a provision for collecting and 

recording some primary data on temperature, blood pressure, blood glucose, pulse rate etc of the patient has been made. These 

measurements are possible with some hardware attachments such as devices for recording temperature, blood pressure, blood 

glucose, pulse rate, etc. The paramedics trained to operate this computer system will collect the data from the patients with the 

help of the computer based health care system which itself will provide decision about the ailment and possible treatment. The 

paramedics will forward this data via wireless connectivity to the Registered Medical Practitioner under whom the paramedics is 

working. The RMP after making some further enquiry, if necessary, will convey/forward the required treatment. A pharmacy 

diploma holder accompanying the paramedics will be carrying necessary medicines and shall deliver the medicine to the patient. 

The patient will be asked to report the next day for further assessment. If the condition of the patient remains unaltered may be 

within two days, he/she will be referred to the concerned RMP for further treatment.   This tool will be superior to the ability of 

the semiskilled personnel/paramedics in retrieving and processing information provided by the patient. 

 

3. Content Of The ICT Based Computer Assisted Medical Health Care System: 
The front end shows a questionnaire of yes/no type for each of the complaints related to Gynecology and Obstetrics. Screen shots 

1 to 6 show the patients data, symptomatic questionnaire, diagnosis and report of the patient.   The back end will have medical 

knowledge data related to the complaint        
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Screen Shot 1 - Patient Information 

 

 
Screen Shot 2 - Input Patient Information 
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 Screen Shot  3 -  Gynecology Symptoms 

 

 
Screen Shot 4 - Gynecological Problem’s Symptoms 
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Screen Shot 5 - Gynecological Problem’s Result  
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Screen Shot 6 - Patient Report 

 

4. Different Approaches Adhered By The CMD: 
The Computer Assisted Medical Decision Making System (CMD) adheres to the following approaches: 

1. Categorical Approaches: Deterministic, algorithmic, flow-chart or protocol-based. They provide clear cut guides to 

action based on clear cut criteria. Indeed the concept of a protocol as a clinical algorithm arose out of the experience of research 

workers with computers and information science. 

2. Probabilistic Approaches: Statistical decision approaches and statistical inference, Bayesian approaches, discriminate 

analysis, Multivariate analysis; Clinical analysis-case based reasoning and exploratory analysis etc.  The entire above are derived 

from the same perspective-to develop predictive power through the analysis of past data to support future decisions. 

3. Artificial Intelligence Approaches: Production rule systems based on first order predicate calculus-conditional rules, 

IF/THEN; Cognitive models based on generalized set covering (GSC) theory; Frame descriptions; Semantic networks; 

Hypothesis and test (abduction); and Artificial Neural Networks (ANNs). 

Out of the above approaches, two simple and easily useable by the computer scientists for preparing software tools are described 

below. 

 

5. General model of CMD  
Dr. James Reggia (3) has described a general model of CMD system as depicted in Fig.1.  

 

 

 

 

 

                                                                                         Fig. 1 

 

 

 

 

The input is typically a description of some specific patient (age, symptoms and signs, past medical history etc.) and the output is 

useful information about that patient (e.g. appropriate screening tests, diagnosis, therapy plan etc).  The CMD system itself 

contains two basic components:  

1. A knowledge base and  

2. An inference mechanism.  

 

6. Production rule systems 
Artificial Intelligence seeks to capture the expertise of humans largely through the use of non-numeric symbol processing. The 

CMD mimics human decision making, its reasoning is transparent and it has an explanatory capacity. The AI approach most 

widely used in CMD research is that of rule-based deductions. Medical knowledge is represented as a set of conditional rules or 

productions. Each rule/production has the basic form, IF/THEN. 
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7. Camh Model 
Fig.2. depicts CAMH model used in the development of computer programme to record patient – Para-medico dialogue and 

diagnosis. 

 

 

 

 

 

Fig. 2 

 

 

 

 

 

 

 

 

For our system the knowledge base is a collection of encoded knowledge that is needed to solve problems in some particular 

medical area (Gynecology). The inference mechanism is a program that, given a case description, uses the information in the 

knowledge base to generate decision. Medical experts have provided the knowledge for design and development of the supporting 

software for the CAMH system for being used by the health care service personnel. 

 

7. Conclusion 
It is concluded that the CAMH model used in developing computer programme can be extremely useful in providing medical help 

to people of hard to reach area. The system can be handled by the semiskilled/paramedics so that the patients get immediate 

medical assistance. Doctor based in the city area will offer diagnosis and treatment to the patient. Such a system can be extended 

across all specialties of medical sciences.   
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Abstract  
For both numerically and experimentally, effect of gravity on the heat transfer and fluid flow phenomenon of microchannel heat 
exchangers was presented. The influence was determined by two cases: one with horizontal channels, the other with vertical 
channels. For vertical channels, the hot water is flowing upward which is against the gravitational field, while the cold water is 
flowing downward which is in the same direction as the gravitational field. In this study, the difference between the results 
obtained from horizontal channels and those from vertical ones is negligibly small; the impact of gravity on the fluid through 
the microchannel heat exchangers was found to be small, with the maximum difference between the two cases being less than 
8%. The results obtained from numerical simulation and experimental data are in good agreement. In addition, good agreements 
were also achieved between the results obtained in the present study and the results obtained in literatures. 

 
Keywords: micro heat exchanger, gravity, heat transfer rate, pressure drop, performance index.  

I. INTRODUCTION 
The development of effective cooling devices has promoted attractive area of study in microchannel heat transfer in recent 
years. A review on micro heat exchangers was done by Dang et al. [1] with five sections. The first section dealt with the single-
phase micro heat exchangers which consist of the micro channel heat exchangers as well as the micro porous/foam heat 
exchangers. The second section reviewed the two-phase micro heat exchangers which consist of micro evaporators and micro 
condensers. The third section dealt with micro heat exchangers for carbon dioxide air conditioning system. The fourth section 
reviewed optimization of micro heat exchanger. The last section dealt with other types of micro heat exchangers. David et al. 
[2] studied hydraulic and thermal characteristics of a vapor venting two-phase microchannel heat exchanger. They found 60% 
improvement in the normalized pressure drop and up to 4.4 °C reduction in the average substrate temperature between the 
control and vapor venting device under similar operating conditions. 

Brandner et al. [3] described microstructure heat exchangers and their applications in laboratory and industry.  Several micro 
heat exchangers were introduced: polymer microchannel heat exchanger with aluminum separation foil, electrically powered 
lab-scale microchannel evaporator, ceramic counter-flow microstructure heat exchanger, etc. Ameel et al. [4] presented an 
overview of the miniaturization technologies and their applications to energy systems. Based on the MEMS technologies 
(silicon-based micromachining, deep X-ray lithography, and the micro mechanical machining), processes were discussed in the 
context of applications to fluid flow, heat transfer, and energy systems. Review on experimental results concerning single-
phase convective heat transfer in microchannels was presented by Morini [5], with additional review results obtained for the 
friction factor, the laminar-to-turbulent transition, and the Nusselt number in channels having a hydraulic diameter less than 1 
mm. 

Mathew and Hegab [6] studied on the application of effectiveness-NTU relationship to parallel-flow microchannel heat 
exchangers. Besides, development of nondimensional parameters (such as axial distance, temperature, and heat transfer rate) 
was carrier out. However, the results were analyzed theoretically only. Studies of effectiveness and pressure drop for micro 
cross-flow heat exchanger were presented by Kang and Tseng [7]. At the same effectiveness, heat transfer rate and pressure 
drop were expressed as a function of average temperature. However, in their study, they did not study for the cases with 
varying mass flow rates at each side.  

Chein and Chen [8] presented a numerical study of the effect of inlet/outlet arrangement on the performance of microchannel 
heat sink. Six types of heat sink were studied with the best performance being the V-type. Because that if the microchanels 
have the same cross-section area and width of microchannel, the depth of microchannel obtained from V-shaped microchannel 
is deeper than that obtained from rectangular-shaped one. So it is not easy to design a heat exchanger with the subtrate 
thickness from 1.2 to 2 mm using V-type microchannels. Foli et al. [9] studied numerically on the heat flux, heat transfer rate, 
and pressure drop in channels with numerous aspect ratios. However, the results in Ref. [9] were presented without 
experiments. 

A study on the simulations of a trapezoidal shaped micro heat exchanger was presented by Dang et al. [10]. For the 
microchannel heat exchanger, behaviors of the temperature, heat flux, and velocity profiles were determined. Effect of flow 
arrangement on the heat transfer related behaviors of a microchannel heat exchanger was presented by Dang et al. [11, 12]. For 
all cases done in the study, the heat flux and performance index obtained from the counter-flow arrangement are always higher 
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than those obtained from the parallel-flow one: the values obtained from the counter-flow are 1.1 to 1.2 times of those obtained 
from the parallel-flow. Dang and Teng [13] studied effect of the substrate thickness of counter-flow microchannel heat 
exchangers on the heat transfer behaviors. It was found that the actual heat transfer rate varies insignificantly with the substrate 
thicknesses varying from 1.2 to 2 mm. However, the results obtained in [13] only mentioned the heat transfer behaviors of the 
heat exchangers, while the fluid flow behaviors of the heat exchangers were not discussed. Dang et al. [14] presented an 
experimental study of the effects of gravity on heat transfer and pressure drop behaviors of a microchannel heat exchanger. 
However, the results in [14] were presented only for a microchannel heat exchanger evaluated under the condition of rising the 
inlet temperature for the hot side. Dang and Teng [15, 16] studied the effects of configurations on performance of the 
microchannel and minichannel heat exchangers. However, their study ignored the effects of gravity on the performance index 
of microchannel heat exchangers. 

To summarize, it is goal of this paper to study the effects of gravity on the heat transfer and fluid flow characteristics of 
microchannel heat exchangers, for both numerically and experimentally. In the following section, two microchannel heat 
exchangers will be discussed under the condition of rising mass flow rate for the cold side.    

II. METHODOLOGY 
A. Mathematical model 

The governing equations in this system consist of the continuity equation, momentum equations, and energy equation [17,18]. 
The equations can be expressed by 

Continuity equation 
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For steady-state conditions, u/  t = 0; the boundary conditions of inlet flow are u = 0, v = 0, and w = w0; the boundary 
conditions of outlet flow are  (u + (u)T)n = 0 and p = p0, where  is dynamic viscosity,  is density, g is gravity force, u is 
velocity field, u is velocity in the x-direction, v is velocity in the y-direction, w is velocity in the z-direction, p is pressure, and 
p0 is pressure at the outlet. 

For the energy transport, the walls have no-slip conditions for velocity and temperature at the walls; these conditions are 
expressed by uwall = 0 and Twall = Tfluid at wall, respectively, where Twall is wall temperature. 

The heat transfer equation for the energy transport within the fluid is: 
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For steady-state conditions,  T/  t = 0; the boundary condition of inlet flow is T = T0; the boundary condition of outlet 
flow is convective flux, expressed by n . (- T) = 0; the thermal boundary condition of the bottom and top walls of the 
microchannel heat exchanger are assumed to be constant heat flux, expressed by -n . (- T) = q0; and the four side-walls are 
insulated thermally, expressed by n . q = 0, where heat flux q = -  T + CpTu, T is temperature, cp is specific heat at 
constant pressure, Qi is internal heat generation, and  is thermal conductivity. 

B. Experimental set-up  
Three major parts are used in the experimental system: the test section (the microchannel heat exchanger), syringe system, and 
overall testing loop, as shown in Fig. 1. In this study, two microchannel heat exchangers were tested. The heat transfer process 
of these devices is carried out between two liquids which are hot water and cold water; the hot and cold fluids are flowing in 
the opposite directions. Fig. 2 shows the dimensions of the test sections. The substrate material used for the heat exchangers is 
aluminum, with the thermal conductivity of 237 W/(mK), density of 2,700 kg/m3, and specific heat at constant pressure of 904 
J/(kgK).  
For each microchannel heat exchanger, the top side for the hot water has 10 microchannels and the bottom side for the cold 
water also has 10 microchannels. The length of each microchannel is 32 mm. Microchannels have rectangular cross-section 
with the width and the depth being Wc and Dc, respectively. In a microchannel heat exchanger, all channels are connected by 
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manifolds for the inlet and outlet of hot water and for those of cold water, respectively. The manifolds of the heat exchangers 
are of the same cross-sections: having a rectangular shape with a width of 3 mm and a depth of 300 m.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1. Schematic of the test loop for microchannel heat exchangers 
 

 

 

 

 

 
Fig. 2 shows the dimensions of the test section. In this study, two microchannel heat exchangers were designed and 
manufactured, with their dimensions listed in Table 1. Fig. 3 shows a photo of the microchannel heat exchanger. These test 
sections were manufactured by precision micromachining [4]. Each inlet hole or outlet hole of the heat exchangers has a cross-
sectional area of 9 mm2. The four sides of the heat exchanger were thermally insulated by the glass wool with a thickness of 5 
mm. To seal the microchannels, two layers of PMMA (polymethyl methacrylate) are bonded on the top and bottom sides of the 
substrate by UV (ultraviolet) light process, as indicated in Fig. 3. The physical properties of the PMMA and the glass wool are 
listed in Table 2 [17].  
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Fig. 2.  Dimensions of the test section 

 

Table 1. Geometrical parameters of microchannel heat exchangers 
Dimensions of the 

substrate (mm) 
Dimensions of 

the channel 
(m) 

No. 

L W T Wc Dc 

T1 46 26.5 1.2 500 300 
T2 46 26.5 1.2 500 180 
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Fig. 3. A photo of the microchannel heat exchanger 

Table 2. The physical properties of the PMMA and the glass wool 

 

 

 

Experimental data for the microchannel heat exchanger were obtained under the constant room temperature of 25 ºC. For this 
study, DI water (deionized water) was used as the working fluid. Each inlet or outlet of the heat exchanger has a set of two 
thermocouples to record temperature values. So, there are eight thermocouples in total. At each side, a differential pressure 
transducer was used to measure the pressure drop. To assess the accuracy of measurements presented in this work, the 
uncertainty values for measured parameters are listed in Table 3. In addition, the uncertainties on the dimensions of 
microchannel evaluated by using a scanning laser made by Mitaka/Ryokosha model NH-3. The uncertainties of the scanning 
laser were estimated to be ± 0.03 µm. Equipments used for the experiments are listed as follows [13-16]: 

1. Thermocouples, T-type 
2. Pump, Model PU-2087, made by Jasco 
3. Pump, VSP-1200, made by Tokyo Rikakikai 
4. Heater, Model AXW-8, made by Medilab 
5. Differential pressure transducer, Model PMP4110, made by Duck 
6. Micro electronic balance, Model TE-214S, made by Sartorious. 

 
Table 3. Uncertainty data for measured parameters 

 
Parameter Uncertainties 
Temperature  0.1 C 
Pressure  0.025% FS  
Mass flow rate  0.0015 g 
Channel height  7   m 
Channel width  10 m 
Channel length  70 m 

 
In order to study the effects of gravity on heat transfer and fluid flow behaviors of the heat exchangers, all experimental 
conditions for the two microchannel heat exchangers were kept the same. Throughout the paper, the experimental conditions of 
testing were discussed: the case is studied under condition of increasing the mass flow rate of the cold side. Further details of 
the case are as follows: 

The inlet temperature and the mass flow rate of the hot side were fixed at 70 ºC and 0.2308 g/s, respectively; at the cold side, 
the inlet temperature was fixed at 22.5 ºC and the mass flow rates were varying from 0.2135 to 0.401 g/s. 

C. Data of analysis 
In the following analyses, the major assumptions were made: 

- The fluid is a laminar flow 

- The fluid flow is incompressible and continuum 

PMMA 

Test sample 

Material   Density 
    kg/m3 

Thermal conductivity 
          W/(mK) 

PMMA      1420               0.19 
Glass wool        154                            0.051 
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- Heat transfer is steady 

- Negligible radiation heat transfer. 

For the experiments carried out in this study, the effects on the heat transfer and fluid flow – such as heat flux, 
effectiveness, pressure drop, and performance index – of the heat exchangers will be discussed as follows.  

The energy balance equation for the counter-flow microchannel heat exchanger is expressed by: 

Qh  - Qloss = Qc = Q         (4) 

Or    mhch(Th,i – Th,o) = mccc (Tc,o – Tc,i)       (5) 

where Qh  is heat transfer rate of the hot side, Qc  is heat transfer rate of the cold side, Q  is actual heat transfer rate, Qloss is heat 
loss rate from the heat exchanger to the ambient, m  is mass flow rate (subscripts h and c stand for the hot side and cold side, 
respectively), c is specific heat, Th,i, Th,o, Tc,i and Tc,o are inlet and outlet temperatures of the hot and cold side, respectively, and 
 is actual effectiveness. 

The maximum heat transfer rate, Qmax  is evaluated by  
Qmax =  (mc)min(Th,i  –  Tc,i)                    (6) 
The effectiveness (NTU method) is determined by 
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The overall thermal resistance R is determined by 

R = Rcond + Rconv           (10) 

The log mean temperature difference is calculated by 
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where m  is mass flow rate (subscripts h and c stand for the hot side and cold side, respectively), n is number of microchannels, 
c is specific heat, Th,i, Th,o, Tc,i and Tc,o are inlet and outlet temperatures of the hot and cold sides, respectively, q is heat flux, A 

is heat transfer area, k is overall heat transfer coefficient, 



condR is conductive thermal resistance,
ch

conv hh
R 11

 is 

convective thermal resistance, hh and hc are the convective heat transfer coefficients of the hot side and the cold sides, 
respectively,  is thickness of heat transfer,  is thermal conductivity, and lmT is the log mean temperature difference. 

The Reynolds number is calculated by:  
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where 
P
AD c

h
4

  is the hydraulic diameter, w is velocity in the z-direction,  is dynamic viscosity,  is density, Ac is cross-

sectional area, and P is wetted perimeter. 
The total pressure drop of the heat exchanger is given by  

 cht ppp                         (13) 
where hp and cp are pressure drops of hot and cold sides, respectively.  

 The performance index,  , is determined by 
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 The experimental uncertainties were estimated, following the method described by Holman [19]; the final expressions for 
uncertainties were given as follows: 
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 By using the estimated errors of parameters listed in Table 3, the maximum experimental uncertainties in determining Qc, 
Re, and   were 2,1%, 3.1%, and 3.3%, respectively, for all cases being studied. 
 

D. Numerical simulation 
Numerical study of the 3D behaviors of heat transfer by the microchannel heat exchangers with single-phase fluid flowing 

through was done by using the CFD ACE+ software, version 2008.2. The algorithm of this software is based on the finite 
volume method. For this study, water was used as the working fluid. No internal heat generation is occurred, resulting in Qi = 0. 
Nodalization of this model was done by using 172,224 cells and a relative tolerance was 10-14. Fig. 4 shows the convergence of 
the numerical solver for components of velocity, pressure, and enthalpy.  

 
Number of iteration  

Fig. 4. Convergence of the numerical solver 

III. RESULTS AND DISCUSSION 
A. Numerical results 

For the experiments carried out in the study, the inlet temperature and the mass flow rate of the hot side were fixed at 70 ºC 
and 0.2308 g/s, respectively; at the cold side, the inlet temperature was fixed at 22.5 ºC and the mass flow rates were varying 
from 0.2135 to 0.401 g/s [20].  

 
Fig. 5. The temperature profile of the microchannel heat exchanger 



Thanhtrung Dang, Ngoctan Tran, Jyh-tong Teng /International Journal Of Computational Engineering 
Research / ISSN: 2250–3005 

 IJCER | Mar-Apr 2012 | Vol. 2 | Issue No.2 |260-270                                                                               Page 266 
 
 

 

 

36

38

40

42

44

46

0.1500 0.2000 0.2500 0.3000 0.3500 0.4000 0.4500

Mass flow rate of cold side, g/s
O

ut
le

t t
em

pe
ra

tu
re

 o
f h

ot
 si

de
, 0 C T1-horizontal

T1-vertical

T2-horizontal

T2-vertical

 
Fig. 6. Numerical comparison of the outlet temperatures of hot side 

The thermal boundary conditions of the top and bottom walls of the heat exchanger are assumed to be constant heat flux. The 
convective heat transfer coefficient between the wall and the ambient used for this solver was 10 W/(m2K) [18]. The 
temperature profile of the microchannel heat exchanger T1 is shown in Fig. 5 for the mass flow rate of 0.2135 g/s at the cold 
side.  
Fig. 6 shows a numerical comparison of the outlet temperature of hot side of two microchannel heat exchangers under the 
effect of gravity. It is observed that the outlet temperatures of hot side obtained from horizontal channels and those from the 
vertical ones are negligibly small. A numerical comparison of the outlet temperatures of cold side of two microchannel heat 
exchangers is also shown in Fig. 7. The outlet temperatures (for both the hot and the cold sides) are functions of the mass flow 
rate of cold side; the outlet temperatures decrease as the mass flow rate of the cold side increases. It is shown from Figs. 6 and 
7 that the difference of outlet temperatures obtained from horizontal channels and those from the vertical ones, respectively 
with T1 and T2, are negligibly small with the maximum percentage error of 0.1%. 
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Fig. 7. Numerical comparison of the outlet temperatures of cold side 

B. Experimental results  
For the experimental system, the inlet temperature and the mass flow rate of the hot side were fixed at 70 ºC and 0.2308 g/s, 
respectively; at the cold side, the inlet temperature was fixed at 22.5 ºC and the mass flow rates were varying from 0.2135 to 
0.401 g/s [20]. 
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Fig. 8. Experimental comparison of the outlet temperatures of hot side 
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In this study, influence of gravity was determined by two cases: one with horizontal channels, the other with vertical channels. 
For vertical channels, the hot water is flowing upward which is against the gravitational field, while the cold water is flowing 
downward which is in the same direction as the gravitational field. Two microchannel heat exchangers T1 and T2 were tested: 
these two microchannel heat exchangers have the same physical configurations for their substrates, manifolds, and lengths of 
channels; only the cross-sectional areas of microchannels are different. The microchannels of T1 have a rectangular cross-
section with width of 500 m and depth of 300 m; the microchannel of T3, width of 500 m and depth of 180 m. 
Parameters of the heat exchangers (T1 and T2) are listed in more detail in Table 1.   
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Fig. 9. Experimental comparison of the outlet temperatures of cold side 

Experimental comparisons for the outlet temperatures of two microchannel heat exchangers are shown in Figs. 8 and 9 under 
the effect of gravity. From Figs. 6-9, it is indicated that the numerical results obtaned from Fig. 6 are in good agreement with 
the experimental results obtained from Fig. 8 and the numerical results obtaned from Fig. 7 are in good agreement with those 
obtained from Fig. 9. The maximum difference of outlet temperatures for the comparisons in of hot side obtained from 
horizontal channels and those from the vertical ones are negligibly small, with the maximum percentage of 2.9%. 
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Fig. 10. Experimental comparison of the heat transfer rates 

The outlet temperatures of hot side obtained from T1 is higher than those obtained from T2; however, the outlet temperatures 
of cold side obtained from T1 is lower than those obtained from T2. As a result, the heat transfer rate obtained from T2 is 
higher than that obtained from T1, as shown in Fig. 10. The results obtained from the present study are in good agreement with 
those obtained from [9]. Foli et al. [9] indicated that under the constant mass flow rate condition, the higher the heat flux, the 
lower the aspect ratio (defined as the ratio of the microchannel height to its width). 
It is also shown from Fig. 10 that the heat transfer rates obtained from horizontal channels and those from the vertical ones are 
negligibly small. The heat transfer rate of the heat exchangers is a function of the mass flow rate of cold side: it increases from 
24.8 to 29.92 W with the mass flow rate of cold side rising from 0.2043 to 0.401 g/s (for the heat exchanger T2).  

0

1000

2000

3000

4000

5000

6000

100 140 180 220 260 300

Re number of cold side

T
ot

al
 p
re

ss
ur

e 
dr

op
, P

a

T1-horizontal

T1-vertical
T2-horizontal

T2-vertical

 
Fig. 11. Experimental comparison of the total pressure drops 
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Fig. 12. Experimental comparison of the performance indices 

Because that the hydraulic diameter of channel in T2 is smaller than that of channel in T1, this results in the velocity in the 
channel of T2 to be higher than that of T1, leading to a higher total pressure drop in T2 than that in T1, as shown in Fig. 11. 
Besides, the Figure shows that the total pressure drop is a function of Reynolds number of cold side; the total pressure drop 
increases as rising the Re number of cold side.  
Experimental results for effects of gravity on the behavior of pressure drop for the microchannel heat exchanger are also shown 
in Fig. 11. It is observed that the change of pressure drop between the two cases (horizontal channels and vertical channels) is 
negligibly small; the maximum change in pressure is 7.2% for a pressure drop from 1060 to 2044 Pa. 
It was found that the pressure drop of T2 is 2 times higher than that of T1, while the heat transfer rate of T2 is 1.06 times 
higher than that of T1. As a result, the performance index (defined as the ratio of the heat transfer rate to the pressure drop in 
the heat exchanger) obtained from T1 is higher than that obtained from T2, as shown in Fig. 12. For heat exchanger T1, a 
performance index of 21.68 W/kPa was achieved for water from the hot side having an inlet temperature of 70 C and a mass 
flow rate of 0.2308 g/s and for water from the cold side having an inlet temperature of 22.5 C and mass flow rate of 0.2135 
g/s. It is also observed that the change of performance between the two cases (horizontal channels and vertical channels) is 
negligibly small; the maximum change in performance is 5.5%, out of a performance index from 13.69 to 21.68 W/kPa. 
A comparison between numerical and experimental results for heat transfer rate with horizontal channels is shown in Fig. 13. It 
is observed that the numerical results are in good agreement with those obtained from the experimental ones, with the 
maximum percentage error of 2.94%. 
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Fig. 13. Comparison of the heat transfer rates between numerical and experimental results with horizontal channels 

In summary, it is concluded that the impact of gravity on the fluid flowing through the microchannel heat exchanger can be 
ignored as indicated in [10-15,17,18,20]. 

 
IV. CONCLUSION  
Numerical and experimental works were done on two microchannel heat exchangers to carry out the evaluation of their 
performance for the varying the mass flow rates of the cold side. These two microchannel heat exchangers have the same 
physical configurations for their substrates, manifolds, and lengths of channels; only the cross-sectional areas of microchannels 
are different. 

For heat exchanger T1, a performance index of 21.68 W/kPa was achieved for water from the hot side having an inlet 
temperature of 70 C and a mass flow rate of 0.2308 g/s and for water from the cold side having an inlet temperature of 22.5 C 
and mass flow rate of 0.2135 g/s. 

The impact of gravity on the fluid through the microchannel heat exchanger was found to be small, with the maximum 
difference between the results of horizontal and vertical channels being less than 8%. The results obtained from numerical 
simulations and experimental data are in good agreement. In addition, in this study, good agreements were achieved between 
the results obtained from the present study and the results obtained from the literatures. 
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1.0 Introduction 

Throughout this work we shall carry out certain exercises set by Professor .M A . Atiyah in his Notes on Commutative Algebra. 

This monograph was first published in mimeograph by Mathematical Institute at Oxford University in 1965. The whole of our 

presentation relies heavily on Atiyah’s prototype which was later published as our reference [1] by Addison Wesley in 1969. 

We discuss general method by which one can determine the operation on ideals that is, behavior of the ideals in a 

commutative unital ring. By operations, we mean basic operations on ideals such as addition, multiplication, intersection, the 

formation of ideal quotients, radicals, the extensions and contraction of ideals. If  0  be a ring, then   has a maximal 

ideal and a minimal prime ideals is the major objective of this work. In specific cases which have been extensively studied this 

questions are extremely hard to answer. 

The literatures covered by this study are fairly extensive, see for example [3], [4], or [6]. We consider the formation of 

radicals of ideals which is a natural consideration in the context of solution of equations and the factorization of elements in 

commutative rings. Let a  be an ideal of  . The radical of  ,a r a  is the set of all x , such that 
nx a  for some integer 

1n   (or equivalently, it is the set of elements x  in   whose image x in the factor ring a  is nilpotent). Recently Lipman 

[5], Eakin et-al [8] and Sally et-al [9] have removed the assumption on characteristic. We can recover this result. Indeed, we find 

considerably more. Johnson [7] has conjectured that maximal ideals reduces the centralizers and operators and Eagon et-al [2] has 

conjectured that ideals defined by matrices and certain complex associated to them have a unique properties. We are able to show: 

 

1.1   Definition 

When we say that   is a ring, we shall mean that multiplication is commutative in   and that the multiplicative identity, 

denoted by 1, also belongs to  . Moreover, 1 0 , where 0  is additive identity. Also; if ,   are rings, a ring 

homomorphism 

  :f   

Is a mapping such that whenever ,x y , we have 

  

     

     

 1 1

f x y f x f y

f xy f x f y

f

  





 

  We shall denote the ideal of multiples of an element x  by  x . That is    :x ax a  . In general, we 

donate an ideal of   by notation , , ,a b p m  e.t.c. In this work, we discuss the basic operation on ideals, such as addition, 

intersection, multiplication, the formation of ideal quotients, radicals, and the extensions and contractions of ideals.    

 We start with the class of ideals which are by far the most important in Commutative Algebra.  

  

By definition, an ideal p  is to be the prime ideal of   if: 

Abstract 

We provide basic operations on ideals such as addition, intersection, multiplication, the formation 

of ideal quotients, radicals, and the extensions and contractions of ideals. 
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 (i)    1 ,p   , and 

 (ii) xy p x p or y p    . 

Part of the reason for the importance of prime ideals lies in the following proposition which we state without proof: 

 

1.2 Proposition 

       An ideal of   is a prime ideal if and only if its associated quotient ring a  is an integral domain. 

 An ideal m  in   is said to be maximal if: 

  (i)    1m     and 

  (ii) a  is an ideal in   such that m a  ; then either a m or a   . 

 We prove that every maximal ideal is a prime ideal by obtaining the following results: 

 

1.3 Proposition 

 An ideal a  of   is maximal if and only if its associated quotient a  is a field. 

 Proof 

 Suppose a  is a maximal ideal of  , then a    and so  0a  , the zero ring. For any x , we write 

 :x x a x y y a      and suppose that 0x   in a . To find its inverse, we note that    a x  is an ideal such that 

 a a x  . Moreover, we have  a a x   ; hence  1a x  .  And so there exists y such that  1 modxy a .  

Hence 1x y a  . This proves that a is a field. 

Conversely, suppose that a  is a field and a b   for any ideal b  of  , the first inclusion being strict. Let 

, ,x y b y a   .  Then 0y   in a . Since a  is a field, one can find    such that 

x y z x yz a b x b       , since y b , by hypothesis. This proves that b b   . Hence a  is 

maximal. . . .Q E D . 

 Combining (1.2) and (1.3), it is clear that every maximal ideal is prime. The converse is obviously false, since  0  is 

prime in , the ring of integers, without being maximal. 

 Next, to demonstrate the abundance of prime ideal, we prove the following: 

 

1.4 Proposition 

 Let   0  be a ring, then   has a maximal ideal. 

Proof 

 Let S  be the set of ideal a    of the ring  . By hypothesis,  0    and so S  is non-empty. We can therefore 

order S  by inclusion. Consider any ascending chain  :ib i I  in S , so that for any ,i j I  either i j j ib b or b b  . 

Consider the set 
i

i I
b b


  , we claim that b  is an ideal. 

 Indeed, if x b , then ix b  for some i I . Hence, ia ax b b b     . Furthermore, if ,x y b , then 

jy b  for some j I  and without loss of generality, we may assume ,i j j jb b x y b x y b b       . 

 Thus, our claim has been established. Moreover, since ii I i b    by hypothesis, we deduce that i b . Hence 

b S . Thus, any ascending chain in S  has upper bound in S  and so by zorn’s lemma S  has a maximal element, m  say. This 

proves our proposition. 

 

1.5 Proposition 

 If  0  is a ring, then  has a minimal prime ideal. 

 Proof 
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 Let   be the set of prime ideals in  .   is non-empty by  1.4 . Let  ip  be a chain of prime ideals in  . Their 

intersection is an ideal 
i j

i i
i I p p

a p p
 

     for some j I . 

 To prove that a  is indeed a prime ideal, suppose that ,xy a y a  , then jy p  for some j I . Since ixy p , 

i I , by the supposition that xy a  and by hypothesis jp  is prime, it follows that jx p . 

 Moreover, if i jp p , then j iy p y p   , and by the argument, we have just used, we deduce that ix p . Thus 

i j
i

p p
x a p


   . 

 Clearly  1a  , since 1 ii I p   . Thus, a  is a prime ideal. Moreover, since 
i i

i I
p p p


    for all i , it 

follows that any chain in   has a lower bound in   and by zorn’s lemma,   has a minimal element. This proves our 

proposition. 

  

Next we turn to some results related to the formulation of ideals quotients. 

 Let ,a b  be ideals in a commutative ring  , the ideal quotient of a  by b written  :a b  is defined by 

   : :a b x xb a   . 

 

1.6 Proposition 

 Let ,a b  and c  be ideals of ring  , then 

  (i)  :a a b  

  (ii)  :a b b a  

  (iii)        : : : : :a b c a b c a c b   

  (iv)    : :i i
i i

a b a b   

  (v)    : :i i
i i

a b a b   

 Proof 

(i)  :a a b . By definition of ideal, x a xb a    (because a  is an ideal)  :x a b   by  definition of  

   : :a b a a b  . 

(ii) By definition  :a b b  is generated by products of the form xy  where  :x a b  and y b .  But then 

 : ,x a b y b xy a    . Hence, each generator of  :a b b  lies in a  and so   :a b b a  as required. 

(iii) Let    :x a b c  and consider any generator yz  of bc .  

 Then  :z c zx a b yzx a     , since y b . Hence multiplication by x  transforms  every generator of 

bc into an element of a .  

 Hence       : : : :xbc a x a bc a b c a bc      

 Next, let  :u a bc . For any element ,v c w b  , we have  

          : : : :vw b bc uvw a uw a c u a c b a bc a c b          .  

 Let   : , ,s a c b t b r c   .  

 Then       : : :st a c str a srb a sc a b s a b c          

       : :a c b a b c   proving equality of the giving ideals. 
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(iv) Let  :i
i

x a b  ; then ixb a  for each  :ii x a b   for each  :i
i

i x a b   

     : :i i
i i

a b a b   . 

  Conversely,    : :i i
i

y a b y a b    for each 

         : : : :i i i i
i i i i

i yb a b y a b a b a b         . 

 This proves equality 

 

(v) Let    :i i ix a b b a     . In particular,  :i i i ib b xb a x a b      for each 

  : i
i

i x a b  . Hence    : :i i
i

a b a b  . Since an element of ib  is of the form  

 1 2 ... nu y y y    , where i ijy b , then  

        : : : :i i i i
i i

z a b zy a z a b a b a b         . By Axiom of Extension  

    : :i i
i

a b a b  . 

 Next, we consider the formation of radicals of ideals, which is a natural consideration in the context of solution of 

equations and the factorization of elements in commutative rings. 

 Let a  be an ideal of  . The radical of  ,a r a  is the set of all x , such that 
nx a  for some integer 1n   (or 

equivalently, it is the set of elements x  in   whose image x in the factor ring a  is nilpotent). 

1.7 Proposition 

 Let ,a b  be ideals of a ring   and p be a prime ideal of  . Then 

(i)  r a a  

(ii)     r r a r a  

(iii)        r ab r a b r a r b     

(iv)    1 1r a a    

(v)       r a b r r a r b    

(vi) if p  is a prime,  nr p p  for some 0n   

 Proof 

(i) if x a , then taking 1n  , we have  x x r a  . Hence  a r a . 

(ii) By (i),     r a r r a . 

 Conversely,     nx r r a x r a    for some  0
m

nn x a     

 for some 0 nmm x a    for 0nm  . That is,     r r a r a . 

(iii)    ab a b r ab r a b     . Also, let  x a b  , then 
nx a b   for some  

              0 , ,n nn x a x b x r a x r b x r a r b r a b r a r b             
.
 

 Finally, let    y r a r b  , then , 0ny a n   and  m n m ny y y ab y r ab     .  Hence, 

     r a r b r ab  and we have the chain of inclusion  

          r ab r a b r a r b r a b      . 

 By axiom of extension, we deduce that 
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        r ab r a b r a r b     

(iv)    1 1 1nr a a     for some    0 1 1n a a a      . 

      1 1a a r a     by        1 1 1i a r a r a      . 

(v)    a b r a r b    by       r a b r r a r b   . 

 Conversely, let     y r r a r b  , then     ny r a r b   for some 0n  .  

 Suppose 
ny u v  , where    ,u r a v r b   with indices ,t s ; that is, ,t su a v b   for 

 0, 0t s  . Hence 
   

11 1t sn t s ky u v u v
  

     where it is impossible for 1 s  and k t  

 simultaneously. Hence 
1 .ku v a b    Thus  y r a b  . 

 

(vi) Let  x r p , then 
n nx p  for 0n x p   , since p  is prime. Hence  p r p p  .  Thus  r p p  by 

(ii)    nr p r p p p   . . . .Q E D  

 

 Next, we consider extensions and contractions of ideals. Indeed, let ,   be commutative unital rings and let 

:f   be a ring homomorphism. The extension of an ideal a  of   relative to f  denoted by 
ea , is the ideal b  of   

generated by  f a  the image of a under f .  

That is,     : ,e

i i i ia f a y y f x x a y     . 

 Conversely, if b  is an ideal in  , then the inverse image,  1f b
 is easily verified to be an ideal in  . This ideal is 

denoted by 
cb  and is called the contraction of b in   induced by f . That is,  1cb f b . 

1.8 Proposition 

 Let 1 2,a a  be ideals of 1 2, ,b b  ideals of   and :f   be any ring homomorphism. 

(i)    1 2 1 2 1 2 1 2,
e ce e c ca a a a b b b b       

(ii)    1 2 1 2 1 2 1 2,
e ce e c ca a a a b b b b       

(iii)    1 2 1 2 1 2 1 2,
e ce e c ca a a a b b b b   

(iv)        1 2 1 2 1 2 1 2: , : :
e ce e c ca a a a b b b b   

(v)        ,
e ce cr a r a r b r b   

(vi) The set of extensions in   is closed under the operation of sum and product while   the set C  of contractions in   

is closed under the remaining three. 

 

 Proof 

(i) (a) Let  1 2

e
x a a  , then  i ix u f x   where 1 2ix a a  . Let 1 2i i ix x x   for some i ,  

 so that      1 2i i if x f x f x  , where 1 1 2 2,i ix a x a  . But then, we have  

        1 2 1 2i i i i i ix u f x u f x u f x a a     . 

 Hence  1 2 1 2

e e ea a a a   . Then    i i j jw u f x v f y   , where 

 1 1 2 2 1 2,i jx a a a y a a a      . 

 Hence  1 2

e
w a a  . That is,  1 2 1 2

ee ea a a a    
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(b) Let 1 2

c cx b b  , then 1 2x x x  , where  1 1f x b  and  2 2f x b .  

 Thus,        1 2 1 2 1 2f x f x x f x f x b b      . 

 Whence  1 2

c
x b b  . That is,  1 2 1 2

cc cb b b b   . 

 

(ii)(a) Let  1 2

e
x a a  , then   1 2i i ix u f x x a a    . But then 

  1 2 1, e

i i i ix a x a x u f x a      and   2

e

i ix u f x a   

 That is,   1 2

e e

i ix u f x a a   . Hence  1 2 1 2

e e ea a a a    

(b) If         1 2 1 2 1

e
x b b f x b b f x b       , 

    2 1 2 1 2 1 2 1 2,
cc c c c c cf x b x b x b x b b b b b b            

 Conversely, let 1 2 ,c cy b b   then    1 2,f y b f y b  . 

 Hence      1 2 1 2 1 2 1 2

c cc cf y b b y b b b b b b         . 

 It follows that  1 2 1 2

cc cb b b b   . 

(iii)(a) Let  1 2

e
x a a . Then  i ix u f x , where, 1 2ix a a  for each i .  

 Since 1 2, ,
i i i ii j j j jx v w v a w a     and  

         1 2i i i i

e e

i i i j j i j ju f x u f v w u f v f w a a       for each i . 

 It follows that 1 2

e ex a a . Hence  1 2 1 2

e e ea a a a . 

  Conversely, let 1 2

e ey a a , then 1 1y u v   where 1iu a  and 2iv a . For any i ,  

 we have    1 2, , , , ,i j j j j i k k k ku z f x x a z v w f s s a w         and  

             1 2, ,i i j j k k j k j k j k j k j ku v z f x w f s z w f x f s z w f x s x a s a         . Hence  

    1 2

e

i i j k j ku v z w f x s a a    for each i . That is,  1 2

e
y a a . Thus  1 2 1 2

e
e e e ea a a a . 

 Finally,  1 2 1 2

e
e e e ea a a a . 

(b) Let 1 2

c cx b b , then i ix x y , where   1if x b  and   2if y b . That is, 

            1 2 1 2 1 2 1 2

cc c

i i i if x f x y f x f y bb x bb b b b b         . 

(iv)(a) Let  1 2:
e

x a a , then  i ix u f x  where iu   and  1 2:ix a a . Thus 2 1ix a a  , for 

all i . Let 2

ey a , then  j jy v f y   where 2,j jv y a  .  

 Thus      i i j jxy u f x v f y   . Since 1i jx y a , for all i  and it follows that  

        1 2 1 1 2 1 2 1 2: :
ee e e e e e e

i j i jxy u v f x y a a a x a a a a a a          . 

(b) Let      1 2 1 2: :
c

y b b f y b b   . Let 2

cx b , then 

 
       

     
2 1 1 1 2 1

1 2 1 2 1 2: : :

c c

cc c c c

f x b f y f x b f xy b yx b b y b

y b b b b b b

        

   
 

(v)(a) Let  
e

y r a , then  i iy u f y   where  iy r a  for each i . 
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niy a  for some         0

nini e e

ini f y f y a f y r a       for each i . 

 Hence    e

i iy u f y r a   . Thus    
e er a r a . 

(b)        
c n

y r b f y r b f y b      for some 0n   

      
cn c c cy b y r b r b r b       

 Conversely, if  cx r b , then 
m cx b  for some 0m  . 

 Thus              
mm c c cf x b f x b f x r b x r b r b r b         . 

 Hence    
c cr b r b . 

 

(vi)(a) The set   of extensions is closed under the operations of sum and product. Indeed, 

 (i)(a)  1 2 1 2

ee ea a a a    and this ensures that the sum of two extensions is itself an  extension. Moreover  

 (ii)(a)  1 2 1 2

ee ea a a a  shows the product of two extensions is itself an extension. 

 The set C  of contractions is closed under intersection by virtue of  

 (ii)(b)  1 2 1 2

cc cb b b b    and is closed under the formation of radicals by virtue of  

        ,
ccv b r b r b . 

 To prove that C  is closed under the formation of ideal quotient, we first note that for any ideal a  in  , we 

have 
eca a  and also for b , we have 

cec cb b . Hence, we have the equality,    1 2 1 2: :
e

c c ce ceb b b b . 

Conclusion  

Our discussion of operation on ideals (and ideals of commutative rings as a special case), helps to explain the supreme importance 

of prime ideals in commutative Algebra. Intuitively we consider the formation of radicals of ideals, which is a natural 

consideration in the context of solution of equations and the factorization of elements in commutative rings. The extension of an 

ideal a  of   relative to f  denoted by 
ea , is the ideal b  of   generated by  f a  the image of a under f .  

That is,     : ,e

i i i ia f a y y f x x a y     . 

 Conversely, if b  is an ideal in  , then the inverse image,  1f b
 is easily verified to be an ideal in  . This ideal is 

denoted by 
cb  and is called the contraction of b in   induced by f . That is,  1cb f b . 

Our results (1.4) and (1.5) shows that the ideals of non-trivial unital ring form a complete lattice. This is a property which A-

module does not share. 
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Abstract 
In communication system communication is possible in three modes. They are simplex, half duplex and full duplex mode. 

Here, we are working on full duplex mode by using the property of transceiver. Transceiver can transmits and receives data 

simultaneously.  

Here we generate 31 bit code to transmit 25 bit information data. And also find 25 bit actual information data from 31 bit 

received code.  

To generate 31 bit data string form 25 bit actual information data for transmission at transmitting end we use Hamming code 

method. Here we also use Hamming code methodology for finding 25 bit actual information data from received 31 bit data 

string at receiving end. 

To transmit 25 bit actual information data by using Hamming code even parity and odd parity check method  we have to add 5 

redundancy bits and 1 bit for deciding  the type of parity used (even parity and odd parity ) in actual data string . After adding 

these 6 bits in 25 bit information data we get 31 bit data string for transmission at transmitting end. 

At receiver section, we find 25 bit actual information data string from 31 bit received data string. To find 25 bit information 

data from 31 bit received data sting we need 5 bit for finding error bit location (if any single bit or double bit error is occurred) 

and 1 bit is needed for selecting the same parity check method, which we have used at transmitting end.   

Here we have written VHDL code for generating 31 bit data string code form 25 bit information data by Hamming code even 

parity and odd parity check methodology for transmission at transmitting end.  Here we also written VHDL code at receiving 

end for finding 25 bit actual information data from received 31 bit data string code by Hamming code even parity and odd 

parity check method. 

Here we have used Xilinx ISE 10.1 simulator to simulate this VHDL code. Xilinx simulator is a tool which is used for 

simulation of VHDL, Verilog HDL and schematic circuits. 

In this paper we have described, what is communication and their respective mode in detail, in communication section. 

In this paper we have also described, what is Hamming code and how it can generate 31 bit data for transmission by 25 bit 

information data at transmitting end, and how it can find 25 bit actual information from 31 bit received data string at receiving 

end. 

In this paper, we have also described what transceiver is and how it works for communication at transmitting and receiving 

end. 

Till now, from transmitting end we can only transmit data, not receive. And at receiving end we can only receive data but can‟t 

transmit. 

Now, we can transmit as well as receive data at both ends (transmitting and receiving end) by using transceiver at both ends. 

Key words- Hamming code , even parity check method , odd parity check method , redundancy bit ,  transceiver, transmitter , 

receiver , VHDL, Xilinx ISE 10.1 simulator  

 

I. Introduction 
Communication through 31 bit Hamming code transceiver with even and odd parity method is possible in full duplex mode. 

Here we design transceiver with even and odd parity check method for source and destination using VHDL code. 

[1][2][15][20]. 

In this paper we want to communication in full duplex mode with even and odd parity check method with 25 bit information 

data string. [1][2][15][20].  

To transmit 25 bit information data string need minimum 5 redundancy bit and one extra bit for decide parity used for generate 

redundancy bit . 

Here we generate 31 bit data string for transmit 25 bit information data at both section with even and odd parity check method.  

Suppose at source section we want to transmit „25`h1B7777D‟ 25 bit information data, to transmit this 25 bit information data 

we generate 31 bit data string for secure communication with even and odd parity check method. To transmit „25`h1B7777D‟ 

25 bit information data we get „31`h6DDCEFC9 or 31`h6DDDEEDE‟ 31 bit data string by even parity and odd parity check 

method respectively. To know how we get this 31 bit data string from 25 bit information data string we must be go through 

working of transceiver at source section. 
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Suppose, destination section transmit „31`h7DDDF6CF or 31`h7DDCF7D8‟ 31 bit data string for „25`h1F777BD‟ 25 bit 

information data string with even and odd parity check method . During transmission due to noise, source section`s transceiver 

receives „31`h79DDF6CF or 31`h7D9CF7D8‟. Now source section transceiver finds actual information 25 bit data from 

corrupted data string. How source section transceiver find actual information data from corrupted data string describe in 

working of transceiver at source section. 

At destination section suppose we want o transmit „25`h1F777BD‟ 25 bit information data string. To transmit this 25 bit 

information data string we transmit 31 bit data string to make communication secure. Here we transmit „31`h7DDDF6CF or 

31`h7DDCF7D8‟ 31 bit data string for „25`h1F777BD‟ 25 bit information with even parity and odd parity check method. To 

know how we get this 31 bit data string for transmission of 25 bit information data describe in working of transceiver at 

destination section. [1][2][3][4][14][17][18]. 

Suppose , source section transceiver transmit „31`h6DDCEFC9 or 31`h6DDDEEDE‟ 31 bit data string by even parity check 

and odd parity check method respectively for communication between source and destination. During the transmission this data 

may be corrupt due to noisy and destination transceiver receives noisy „31`h6FDCEFC9 or 31`h6DDAEDE‟ 31 bit corrupted 

data string. Now destination transceiver finds actual 25 bit information data from received corrupted 31 bit data string by even 

parity or odd parity check method. To know how destination transceiver find 25 bit actual information data string from 31 bit 

corrupted data string describe in working of transceiver at destination section. . [1][2][3][4][14][17][18]. 

Here we use evenparity and oddparity out put pin to indicate received data is in even parity or in odd parity . 

In this paper we write VHDL code for both source section transceiver and destination transceiver for find actual 25 bit 

information data string from received 31 bit corrupted data string.  

In this paper we also write VHDL code for both section (source section and destination section) to generate 31 bit data string 

for transmission of 25 bit information data. [1][2][3][9][10][11][12][13] 

Here we used Xilinx ISE 10.1 simulator to simulate this VHDL code for both section (source section and destination section). 

Xilinx ISE 10.1 simulator simulates VHDL code and gives their output in time cycle waveform.[7][8] 

 

II. Communication 
For communication we require minimum two sections, one of them is for transmitting data called source section and another 

for receiving data called destination section. According to the property of source and destination section, communication is 

possible in three different modes . They  are Simplex mode communication , Half Duplex mode communication and Full 

Duplex mode communication [1][2][4][15][20]. 

 

Ii.i  simplex mode communication 
In this mode communication is possible only in one way. In this mode source section is capable only for transmitting data 

string (cannot receive data string) and receiver section is capable only for receiving data string (cannot transmit data string) 

[1][2][15][20]. 

 

 

 

 

  

  

 

           Fig.1 -   Communication in simplex mode  

 

Ii.ii  half duplex mode communication 

In this mode of communication is possible in two ways. In this mode both section can receives data string as well as transmit 

data string but cannot receives data string when transmitting and vice-versa[1][2][4][15][20]..  

 

    

  

   

                  

 

 

 

 

Fig. 2- Communication in Half duplex mode 

 

Source section, can transmit and 

receive data string but when 

transmit cannot receive on same 

time and vice-versa 

Destination section can receives 

and transmit data string but when 

receives cannot transmit on same 

time and vice-versa  

Source section, can transmit data 

string only cannot receive 

Destination section can receive 

data string only cannot 

transmit  
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Ii.iii full duplex mode communication 
In this mode of communication is possible in two ways. In this mode both source and destination section can receive data string 

as well as transmit data string simultaneously [1][2][4][15][20]. 

 

 

 

 

   

  

Fig. 3 -    Communication in Full duplex mode 

III. Transceiver 
Transceiver is a combination of transmitter section and receiver section. It can transmit data string as well as receive data string 

simultaneously. By using the transceiver we can communicate in full duplex mode.  

Receiver section of transceiver works for finding 25 bit actual data string from received 31 bit data string and then check LSB 

bit whether it is zero or one. If LSB bit is zero then use odd parity check method else use even parity check 

method[4][15][19][20]. 

           Receiving antenna  

        

   

                            

  

  

  

 LSB is „one‟                                                   LSB is „zero‟ 

        

 

                  

 

 

 

 

Fig .4 - Working Of Receiver Section of Transceiver 

 

 

 

Transmitter section of transceiver generate  31 bit information data string for transmit 25 bit information data string with 5 

redundancy bits and „one‟ bit for parity decide.  

 

Transmitting antenna  

 

 

 

 

 

 

 

 

 

 

 

 

                                                          

 

 

Fig.5 - Transmission section for Transceiver 

Source section, can receives as well 

as transmit data string 

simultaneously 

Destination section, can receives as 
well as transmit data string 
simultaneously  

        31 bit data string for transmission  

   25 bit information data  

Odd parity method used for generating 

transmitting data string from given 25 bit 

actual information data 

 

Even parity method used for generating 

transmitting data string from given 25 bit 

actual information data 

              31 bit received data string  

EVEN parity method used to find actual data  ODD parity method used to find actual 

data  

Actual 25 bit information data  
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Receiver antenna                          Transmitter antenna   
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Receiver output                            Transmitter input                                 

     

  Fig.6 – Transceiver 

 

IV. Hamming code 
Hamming code is a linear error-correcting code named after its inventor, Richard Hamming. Hamming code can detect 

maximum two bit error, and correct only single-bit error. Thus, reliable communication is possible when the Hamming distance 

between the transmitted and received bit pattern is less than or equal to one. While the simple parity code cannot correct errors, 

it can only detect an odd number of errors. 

In 1950 Hamming introduced the (7, 4) code. It encodes 4 data bits into 7 bits by adding three parity bits. Hamming (7, 4) can 

detect and correct single – bit errors. With the addition of overall parity bit, it can also detect (but not correct) double bit errors. 

Hamming code is an improvement on parity check method. It can correct 1 bit error [1][2][3][4][14][17][18]. 

Hamming code method works on only two methods (even parity, odd parity) for generating redundancy bit. In Hamming code 

method for generating the number of redundancy bit use formula .The number of redundancy depends on the number of 

information data bits [1][2][3][4][14][17][18].. 

Formula for generating redundancy bit ---- 

                         2^ r     >=   D + r   + 1 ------------------------------------------------------------- (1) 

Here     r = number of redundancy bit  

             D = number of information data bit Calculate the number of number of redundancy bit for 25 bit of input data string by 

above formula We get 5 redundancy bit required.  

 

Iv.I Redundancy 

The central concept in detecting or correcting errors is redundancy. To be able to detect or correct errors, we need to send some 

extra bits with our data. These redundant bits are added by the sender and removed by the receiver. Their presence allows the 

receiver to detect or correct corrupted bits. The concept of including extra information in the transmission for error detection is 

a good one. But instead of repeating the entire data stream, a shorter group of bits may be appended to the end of each unit. 

This technique is called redundancy because the extra bits are redundant to the information [1][2][3][4][14][17][18].. 

 

Iv.Ii Even Check Parity Method 

In even check parity method, count the number of one`s at transmitter and receiver section. if number of one`s are odd, add 

„one‟ else add „zero.‟ [1][2][3][4][14][17][18]. 

Iv.Iii Odd Parity Check Method 
 In odd parity check method, count the number of one`s, if number of ones are odd add „zero‟ and if number of one`s are even 

add „one‟. [1][2][3][4][14][17][18]. 

V. Working Of Transceiver At Source Section 
At source section of transceiver, transceiver wants to transmit 31 bit encrypted data string to transmit 25 bit information data 

with 5 redundancy bit and 1 bit for parity check. And it receives 31 bit encrypted data string for finding 25 bit information data 

which was transmitted by destination section of the transceiver. 

Suppose, Source section wants to transmit „25`h1B7777D‟ information data. To transmit „25`h1B7777D‟ information data  

transceiver needs to add 5 redundancy bit and one bit for deciding parity with 25 bit information data to make 31 bit encrypted 

data string for transmission. [1][2][3][4][14][17][18]. 

 

Receiver section to find 25 bit 

information data from 31 bit 

received data 

Transmitter section to generate 

31 bit data string from 25 bit 

information data   
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Suppose we want to transmit „25`h1B7777D‟ information data with even parity and odd parity check method. For even parity 

and odd parity check method transceiver generates 5 redundancy bits are „01000 = 5`h08 or 10111 = 5`h17‟ respectively. 

[1][2][3][4][14][17][18]. 

Now transceiver transmits „31`h6DDCEFC9 = 1101101110111001110111111001001 or 31`h6DDDEEDE = 

1101101110111011110111011011110‟ 31 bit data string for 25`h1B7777D = 1101101110111011101111101, 25 bit 

information data for even parity and odd parity check method respectively. 

To know how we can get this 31 bit data string and 5 redundancy bit for 25 bit information data we must go through the section 

of working of transmitter of transceiver at source section. [1][2][3][4][14][17][18]. 

Suppose, Destination section transmits „31`h7DDDF6CF = 1111101110111011111011011001111 and 31`h7DDCF7D8 = 

1111101110111001111011111011000‟ 31 data string for „25`h1F777BD = 1111101110111011110111101‟ bit information 

data with even parity check and odd parity check method respectively. Now transmitter of destination section transmits 31 bit 

data string travel through channel from destination to source section. [1][2][3][4][14][17][18]. 

Suppose, this channel is noisy due to this noisy channel source section transceiver receives corrupted 31 bit data string. After 

receiving this corrupted 31 bit data string , source section transceiver find the corrupted data bit location and correct that error 

bit and find correct 31 bit data string whose transmit by destination section. After finding correct 31 bit data string transceiver 

pass actual 25 bit information data. To know how transceiver find actual 25 bit information data string from 31 bit corrupted 

data string go through working of receiver of transceiver at source section transceiver. 

V.I Working Of Transmitter Of Transceiver At Source Section 

Transmitter of transceiver at source section generates 31 bit data string for 25 bit information data.  

In this paper we want to transmit 25 bit information data with even and odd parity check method. To transmit 25 bit 

information data we need minimum 5 redundancy bit according to equation 1. 

Suppose these redundancy bits are r(1),r(2),r(4),r(8),r(16). To calculate the redundancy bit, we count the number of ones in 

appropriate address of information data bit according to given below... 

r (1) = 1,2,4,5,7,9,11,12,14,16,18,20,22,24.  

r(2) = 1,3,4,6,7,10,11,13,14,17,18,21,22,25 

r(4) = 2,3,4,8,9,10,11,15,16,17,18,23,24,25 

r(8) = 5,6,7,8,9,10,11,19,20,21,22,23,24,25 

r(16) = 12,13,14,15,16,17,18,19,20,21,22,23,24,25 

Suppose, we want to transmit „25`h1B7777D = 1101101110111011101111101‟ 25 bit information data with even and odd 

parity check method. To transmit this 25 bit information data we must need to add 5 redundancy bit. Calculation of redundancy 

bit depends on the parity check method (which one we use). For even parity method the value of these 5 redundancy bits are 

„5`h08 = 01000‟ and for odd parity method the value of redundancy bits are „5`h17 = 10111‟.Now we add these redundancy bit 

with 25 bit information data and get 30 bit data string according to parity check method. [1][2][3][4][14][17][18]. 

Before transmission of this data string we must add decided parity bit “stransmitterevenodd” bit to this 30 bit data string to 

make 31 bit data string for transmission. If stransmitterevenodd bit is one it indicates that we have used even parity check 

method else we have used odd parity check method to generate 31 bit data string for transmission. Now we have 31 bit data 

string for transmit of 25 bit information data with even and odd parity check method. [1][2][3][4][14][17][18]. 

Here “stransmitterinput” indicates 25 bit information data string, which we want to transmit by transceiver at 

Source section. 

The block diagram of transmitter of transceiver shown below.. 

 

 

 

 

 

 31 bit transmitter output data string  

 

 

 

25 bit stransmitterinput                                                

          One bit Stransmitterevenodd  

 

Fig. 7 Block diagram of transmitter of transceiver at source section 

 

 

 

Source transmitter section of 

transceiver to generate 31 bit data 

string for transmission for 25 bit 

information data string    
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V.II Working Of Receiver Of Transceiver At Source Section 

 

 At receiver section of transceiver, transceiver receives 31 bit data string which was transmitted by source section. After 

receiving this 31 bit data string receiver checks that is there any error in data string?  If any error is occurred receiver finds the 

error bit location and corrects that error bit. [1][2][3][4][14][17][18]. 

Suppose, at source section receiver receives „31`h79DDF6CF = 1111001110111011111011011001111 or 31`h7D9CF7D8 = 

1111101100111001111011111011000‟ 31 bit data string in place of „31`h7DDDF6CF = 

1111101110111011111011011001111 or 31`h7DDCF7D8 = 1111101110111001111011111011000‟ 31 bit data string due to 

noisy channel. Now to find the error bit location we need minimum 5 error address bit. [1][2][3][4][14][17][18]. 

Suppose the name of error address bit is “serroraddress” . To find the value of “serroradderss” bit we use formula given below. 

[1][2][3][4][14][17][18]. 

serroraddress (1) = 1,3,5,7,11,13,15,17,19,21,23,27,29 

serroraddress (2)=2,3,6,7,10,11,14,15,18,19,22,23,26,27,30 

serroraddress (3)=4,5,6,7,12,13,14,15,20,21,22,23,28,29,30  

serroraddress (4)=8,9,10,11,12,13,14,15,24,25,26,27,28,29,30 

serroraddress (5)=16,17,18,19,20,21,22,23,24,25,26,27,28,29,30 

 

Before calculation of „serroraddress‟ bits, we must know about the received data is generated in even parity method or odd 

parity check method at destination section. To know about 31 bit received data is in even parity method or odd parity check 

method, first check the LSB bit of received data. If LSB bit is „one‟ means it generated in even parity check method else is 

generated in odd parity method. [1][2][3][4][14][17][18]. 

Suppose, the name of 31 bit input pins are “sreceiverinput”. At receiver for „31`h79DDF6CF or 31`h7D9CF7D8‟ 31 bit data 

string the value of  sreceiverinput(0) is „one‟ and „zero‟ respectively. Sreceiverinput(0) bit indicate that „31`h79DDF6CF‟ 31 

bit data string is designed by even parity check method and „31`h7D9CF7D8‟ 31 bit data string is designed by odd parity check 

method at destination section. 

After finding the parity, we find the value of “serroraddress” bits are „5`h1A = 11010 or 5`h16 = 10110‟ for „31`h79DDF6CF 

or 31`h7D9CF7D8‟ received 31 bit data string by even and odd parity check method. Now receiver find correct 31 bit data 

string is „31`h7DDDF6CF or 31`h7DDCF7D8‟ whose transmitted by destination section. After correcting the corrupted 

received 31 bit data string, receiver of source section regenerates the 25`h1F777BD‟ actual 25 bit information data string which 

was transmitted by the destination section. [1][2][3][4][14][17][18]. 

The block diagram of receiver section shown below... 

 

 

        

     ``25 bit sreceiveroutput 

     31 bit sreceiverinput  

  one bit evenparity  

           

One bit Oddparity 

 

 

Fig. 8 –Bblock diagram of  receiver of transceiver at source section 

 

 

In this paper we have written VHDL code for transmitter and receiver for transceiver of source section. At transmitter section 

we have written VHDL code for generate 5 redundancy bit for 25 bit information data string to make 31 bit data string for 

transmission. [1][2][3][9][10][11][12][13] 

At receiver section we also written VHDL code for finding error bit location and correcting that error bit by replacing „zero‟ by 

„one‟ and „one‟ by „zero‟. We have written VHDL code for regenerate 25 bit information data string from 31 bit correct data 

string. [1][2][3][9][10][11][12][13] 

In this paper, we use Xilinx ISE 10.1 simulator to simulate this VHDL code for transmitter and receiver section of transceiver. 

The VHDL code for transceiver shown in Xilinx ISE 10.1 project navigator window and input output wave form for transceiver 

at source section shown in Xilinx ISE 10.1 simulation window. [7][8] 

Xilinx ISE 10.1 project navigator and Xilinx ISE 10.1 simulation window shown below. 

Receiver section of transceiver, 

find 25 bit actual information 

data from 31 bit received data 

string  
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Fig . 9 - Xilinx ISE 10.1 project navigator window shows VHDL code for source section 

 
 

Fig .10 - Xilinx ISE 10.1 simulation window display input output waveform for source section 

 

VI. Working Of Transceiver At Destination Section 

At destination section transceiver want to transmit „25`h1F777BD = 1111101110111011110111101‟ 25 bit information data 

string. To transmit this 25 bit information data need minimum 5 redundancy bits and „one‟ parity decide bit to make 31 bit data 

string for transmission by transceiver. [1][2][3] 

In this paper, If parity decide bit is „one‟ means we use even parity method to generate 5 redundancy bit else we use odd parity 

check method to generate 5 redundancy bit. . [1][2][3][4][14][17][18]. 

Suppose the name of 25 bit information data is „dtransmitterinput‟, one bit parity decides bit is „dtransmitterevenodd‟ and 31 

bit transmitted data is „dtransmitteroutput‟.  [1][2][3][4][14][17][18]. 

In this paper at destination section we want to transmit “25`h1F777BD” 25 bit information data; to transmit 25`h1F777BD 

information data first we check the value of “dtransmitterevenodd” bit. If “dtransmitterevenodd” bit is „one‟ use even parity 

method to calculate the value of redundancy bits else we use odd parity method to calculate the value of redundancy bits. . 

[1][2][3][4][14][17][18]. 

The value of redundancy bits are „5`h13 = 10011 or 5`h0C = 01100‟ for 25`h1F777BD information data string by even parity 

check method or odd parity check method respectively. 


































































































































































































































































































































































































































































































































































































































































