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Grapheme to Phoneme Conversion for Punjabi Language

Ankita Goel, Divya Bansal, Khushneet Jindal
School of Mathematics and Computer Applications,

Thapar University, Patiala (Punjab)- India
Abstract 
Grapheme to phoneme conversion is one of the important process for converting ortho-
graphic representation of text into phonological representation. In this we have discussed 
the methodology to map English text into Punjabi phonemes. In that mapping we have 
encountered various problems and generated logic to solve them by making certain rules 
& procedures. We are trying to make our model with maximum accuracy with an as-
sumed error rate of about 5-7%.

Keywords: Punjabi syllables, Punjabi Phonemes, syllable & Phoneme sounds.

Introduction
Text to speech synthesis basically read text and changes into the synthesized speech.TTS 
basically	consist	of	two	phases	.In	first	phase	it	converts	raw	text	consisting	of	abbrevia-
tions, numbers into the written out words. This process is also called as pre-processing. 
For example-“1234”-will be converted into one two three and four. Secondly, it will 
assign phonetic transcription to the words. In the back end, we can follow different ap-
proaches like concatenative synthesis, Hidden Markov Model. This paper basically dis-
cuss about the conversion of English text to Punjabi phonemes using rule based approach.

Figure 1: Grapheme to Phoneme Conversion[1]
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Different Approaches
In dictionary based approach, it stores phonemes in the database and in the rule based 
transcription system transforms most of the phonological competence of the dictionaries 
into the letter to sound rules (grapheme to phoneme) rules. It consists of only those words 
that are pronounced in a particular way which led to a rule on their own way. For exam-
ple “rough” will be pronounced as /r u f/.Different algorithms are used for rule based 
approach. Decision tree is one of the basic approaches. It is also top-down approach. It is 
a technique where rule is derived after observing the database. To grow a decision tree, 
there are edges we correspond to a yes or no question. Each interior node corresponds 
to one of the input variables. Each leaf represents a value of the target variable given the 
values of the input variables represented by the path from the root to the leaf. The next ap-
proach	is	HMM	(Hidden	Markov	Model),	it	consist	of	finite	set	of	states	each	of	which	is	
associated with the probability distribution. Only the outcome is visible. At each time t, a 
new state is entered based on the transition probability distribution based on the previous 
state. After each transition, an observation output symbol depends on the current state.

Related Work
Letter to Phoneme conversion is a bit complex task. We have to resolve the mapping 
problem of a single letter to multiple phonemes [t-> ਤ, t->ਟ਼] and multiple letters corre-
spond to single phoneme [ai-> ਐ]. In older approaches, the alignment between the letters 
and phonemes was taken to be one-to one [2] and the phoneme was determined for each 
single letter. But in the recent work [3] shows that multiple letter-to-phoneme alignments 
perform better than single letter to phoneme alignments. The problem can be either seen 
as	a	multi-class	 classifier	problem	or	a	 structure	prediction	problem	 [10].	 In	 structure	
prediction,	 the	algorithm	takes	the	previous	values	as	 the	features	which	influence	the	
current	values.	In	the	classifier	approach,	only	the	letter	and	its	context	are	taken	as	fea-
tures. Then, either multiclass decision trees [4] or instance based learning as in [4] is used 
to predict the class, which is a phoneme. Some of the methods [2] are not completely 
automatic	and	need	an	initial	handcrafted	seeding	to	begin	the	classification.	Structure	
prediction is like a tagging problem where HMMs [5] are used to model the problem. 
Taylor claims that except for a pre-processing step, it is completely automatic. The whole 
process is performed in a single step. The results are poor, as reasoned in [6] due to the 
emission probabilities not being informed by the previous letter’s emission probabilities. 
Pronunciation by Analogy (Pb A) is a data driven method [7] for letter-to-phoneme con-
version	which	is	used	again	[10].	They	simply	use	an	Expectation-Maximisation	(EM)	
like algorithm for aligning the letter-phoneme pairs in a speech dictionary. They claim 
that by integrating the alignments induced by the algorithm into the PbA system, they 
were	able	 to	 improve	 the	accuracy	of	 the	pronunciation	significantly.	We	also	use	 the	
many-to-many alignment approach but in a different way and obtained from a different 
source. The recent work of [8] combines both of the approaches in a very interesting man-
ner. It uses an EM like algorithm for aligning the letters and phonemes. The algorithm 
allows many-to-many alignments between letters and phonemes. This module is used to 
guess the possible letter in every word. Then a local phoneme predictor is used to guess 
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the phonemes for every letter in a word. An online model MIRA [9]
Which updates parameters is used for the L2P task [6]. The authors unify the steps of 
letter segmentation, phoneme prediction and sequence modelling into a single module. 
The phoneme prediction and sequence modelling are considered as tagging problems 
and a Perceptron HMM [11] is used to model it. The letter segmenter module is replaced 
by a monotone phrasal decoder [12] to search for the possible substrings in a word and 
output the n-best list for updating MIRA. [3] take the joint milligrams of graphemes and 
phonemes as features for alignment and language modelling for phonetic transcription 
probabilities. In this, we will try to convert English text to Punjabi phonemes using rule 
based approach. Here mapping of letters to phoneme is both one to one, one to many and 
many to one. 

English and Punjabi Language
Punjabi language is written in Gurumukhi script.

 
Figure 2: Punjabi Consonants[13]

Figure 3: Basic Punjabi Vowels[13]

English Language consists of 26 alphabets having 5 vowels and 21 consonants.

Figure 4: Basic English Vowels[13]
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Figure 5: Basic English Consonants[13]

IMPLEMENTATION
Letter to Sound rules for Punjabi language can be built using rule based approach or using 
machine leaning algorthims (CART).In this work we have set letter to sound rules used 
in our system.
List of Vowels with mapping

a aa I ee u oo E ai au o ou

ਅ ਆ ਇ   ਈ ਉ ਊ ਏ ਐ ਔ ਓ ਔ

List of Consonants with mapping

k ਕ
Kh ਖ
G ਗ
gh ਘ  
ng ਙ
ch ਚ

chh ਛ
j ਜ
jh ਝ
ny ਞ
P ਪ  

F,ph ਫ
b ਬ
bh ਭ
m ਮ
y ਯ, ਈ
r ਰ,ੜ
l ਲ

V,w ਵ
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s ਸ
h ਹ
sh ਸ਼
t ਤ,ਟ
n ਨ
th ਥ,ਠ
d ਦ,ਢ

dh ਧ
Z ਜ਼

Letter to Sound Rules where * denotes anything C denotes consonant.

Letter Rule Position of Letter Sound Examples
A (*)a Last Position ਆ Kamla

Y (*)(a/e)y End Position ਏ Nishay,
parlay,
Shreya

E E(* -  k) First Position ਇ Esha,
Eshita

R (*)(C)R(*) Any Position ਰ ੍ Prerna,
Harpreet

H (*)(C)H(*) Any Position ਹ ੍ Siddhant,
ashis

n (*)An(*)

(*)In(*)

Any Position

Any Position

Tippi

Bindi

Ankita,
Nishant
Bhupinder,
Tinku

(*)(C)(C)(*) Any Position Adhak Vallabh

We are facing some problems like:
1.  Problem of ਅ and ਆ -The problem is where to pronounce letter a as ਅ and ਆ in 

between word. For example ,bharat and bharati.
2.  Problem of   ਤ and ਟ-The problem is that whether  to pronounce letter t as ਤ or ਟ 

in a word.For example, Tony and Tanvi.
3.   Problem of ਦ and ਢ-The problem is that whether to pronounce letter d as ਦ and 

ਢ.For example, Dholkiya and Dinesh.
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4.   Problem of  ਥ and ਠ-The problem is that whether to pronounce letter th as ਥ or 
ਠ.For example, Thakur and  akshath.

Proposed Solution to the problem:
So to solve this problem, we have determined some common pattern and words whose 
pronunciation will always remains same where the condition will always remain true. 
These are some of the rules.

Letter Rule Sound Examples

a [](s)a(dh) ਆ
Sadhna,sadhvi,sadhika,
sadhri

a (*-(k,dh))anya ਆ
Kanya,dhanya,
manya,tanya

a
(*-(k,kr,sh,dh))ant ਆ

Siddhant,vikrant,
Nishant,sidhant

a (*-(m))ani ਆ Mani,vani,pani,dhani

a (*)lal ਆ Gulzarilal

a (*)ali ਆ Kali,mali,deepali,bali

a (*)am ਆ Kamraj , ram

a (*)bha ਆ
Shubhangi,nabhanyu,
vibhanshu

a (*)amini ਆ Jamini,yamini

And for the other problems, we have trained some names taken from the common indian 
sites. 

Result and Discussions
In this we are trying to make our model to produce natural human sound & bringing natu-
ralness by increasing the accuracy.

Evaluation
The main aim is to convert the English text to Punjabi phonemes. To measure the quality 
of the English text to Punjabi phonemes, we have determined the phonemes the following 
equation is used
	A=	(N/T)*100;
Where
A=Accuracy
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N=number of correct phonemes
T=total number of words

Evaluation Data
There are two kinds of evaluation data. One is training data. In training data there are 
around 987 words. We have made rules for transliteration of English letters to Punjabi 
phonemes according to training data. Our system works accurately for the Indian names. 
We	have	tested	this	on	around	2000	words.

Test Case Total No. of words Correct Words Accuracy

1 2000 1800 90%

Error Analysis
1.  Multi Mapping Problem-One character is mapped to multiple phonemes. For ex-

ample-letter a can be pronounced as  
     ਅ and ਆ.
2.  Similar Spelling words-Words having same spelling and different pronunciation. 

For example-
     Kali (ਕਲੀ) and Kali (ਕਾਲੀ)
3.  Compound Words-Words which are formed from two other words. For example- 

BalaKumar (ਬਾਲਕੁਮਾਰ).

Conclusion
In this paper, we have discussed various issues while converting English text to Punjabi 
phonemes using rule based approach. The System is generating the desired results and 
can be further used by the researchers working on English and Punjabi Natural Language 
Processing tasks.
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Abstract
Controlling the machines and environment with speech makes human life easier and 
more comfortable. This paper presents a simple implementation of this approach. A pros-
thesis device is controlled by voice commands. The goal was to promote independence 
whereby speech recognition was used to convert human speech signals into effective 
actions. The stand-alone isolated word speech recognition system will be designed and 
developed to control the electronic hand by voice command.Voice command is taken 
through	a	microphone,	processed	and	sent	to	the	device	and	finally	the	device	acts	ac-
cordingly.

Keywords:  speech recognition, prosthesis, cepstral

Introduction
Voice	 recognition	 is	 the	field	of	computer	 science	 that	deals	with	designing	computer	
systems that can recognize spoken words. A number of voice recognition systems are 
available on the market. The most powerful can recognize thousands of words. However, 
they generally require an extended training session during which the computer system 
becomes accustomed to a particular voice and accent. As speech is the natural and fast-
est method of communication between people, it has long been realized that impressive 
benefits	might	be	gained	if	people	could	communicate	with	man-made	artefacts	using	the	
medium of speech. A survey in the robustness issues associated with automatic speech 
recognition has been reported by several workers [1, 2].Vocal controls may also be a 
solution to the physically disabled, who cannot manipulate the buttons, knobs and levers 
of so many modern devices. However, the problem of speech recognition, where the hu-
man	talks	to	the	machine,	has	always	proved	more	difficult	than	that	of	speech	synthesis.	
These devices have important applications, such as the operation of machines by voice, 
various dispatching services that employ voice-activated devices, and aids for seriously 
handicapped people. But in spite of big investments and the work of experts, the original 
goals have not been reached.  High-level speech recognition has existed so far only in sci-
ence	fiction.	Speech	recognition	systems	were	first	used	by	severely	disabled	individuals	
with normal speech. The goal was to promote independence whereby speech recognition 
was used to convert human speech signals into effective actions. 
The stand-alone isolated word speech recognition system will be designed and devel-
oped to control the prosthetic device by voice command. A design goal of the system is 
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to reduce total system cost while increasing system performance. It will be language-
independent and can be used for speaker-dependent (multi-pass training results better 
accuracy) operations. The size of the vocabulary of words per recognition set can be 
varied	from	1	to	10	words	as	required.	In	the	case	of	small	vocabulary	of	words,	there	is	a	
facility for rejecting the most of the non-vocabulary (foreign) words for better accuracy. 
It accepts voice samples/commands through closed-talking head-worn microphone. The 
recognized word and system status can be displayed on LED/LCD display. The parallel 
port is also made available to control the spoon-feeding robot system and electronic hand 
by voice command. Those, who cannot manipulate the buttons, knobs and levers etc. of 
the said modern devices, can operate them by voice command using the developed speech 
recognition system. The system can be connected with the controlling appliances through 
parallel communication port for operating them by voice command. The developed de-
vice A microcontroller based motor control system and logic circuits will be designed and 
developed to control the electronic prosthesis as required by amputee. The motor-drive 
circuits will also be designed and developed using latest motor controller chips for each 
and every motor individually. Although voice recognition technology is becoming more 
widely used, there are two important caveats. First, successful voice application devel-
opment requires an adequate understanding of the technology’s limitations. True natural 
language processing by computers is still several years away and there is little conclusive 
evidence that speech is superior to the keyboard or other input devices. It is important 
therefore to apply voice recognition where there is an additional motivation to offset its 
overall improvements in speech recognition have the capacity to positively affect the 
lives of all individuals who use it. As in the previous work [2,4] the method used as fea-
ture extraction method in this system is LPC. Regardless of the nature of the diagnosis, 
improved technology, engineering and design give potential to improved accuracy and 
rate	of	dictation.	Present	fluctuations	are	not	strictly	a	 result	of	 the	engineering	of	 the	
system itself, but may be due to the inconsistencies in the users speech. If use of speech 
recognition	systems	by	people	with	cognitive	deficits	and	learning	disabilities	is	to	prove	
beneficial,	additional	research	must	be	done	to	determine	if	and	how	the	cognitive	load	
can be minimized. The amount of training required, frequency of training sessions and 
methods to promote generalization of speech recognition to activities of daily living per-
tinent to each user are also in need of investigation.

Methodology
LPC (Linear Predictive Coding) time domain analysis is applied to the voice after pre-
emphasis,	 hamming	windowing	 and	 autocorrelation.	 LPC	 coefficients	 are	 determined	
by	Durbin-Levinson	method	and	then	autocorrelation	coefficients	will	be	converted	to	
cepstral	coefficients	by	LPC	analysis.	According	to	the	higher	accuracy	and	more	robust-
ness	of	the	cepstral	coefficients	with	respect	to	the	LPC	coefficients,	we	adopted	cepstral	
coefficients.	 In	cepstral	 analysis	12	coefficiens	have	been	used.	After	determining	 the	
cepstral	coefficients,	a	reduction	filter	weighs	the	coefficients	and	their	derivatives	[1,	7].	
Cp	is	defined	as	the	matrix	that	consists	of	the	cepstral	and	their	derivative	coefficients	
in different time durations. Similar to the previous section, there are training and recog-



13 | SGI	Reflections | May 2012

Audio Signal Synthesis for Detection of Speaker Dependent Voice Commands for Controlling a Prosthetic Device

nition phases. In training phase Cp	matrix	is	produced	for	N=50	voice	sections	then	the	
mean and variance matrices are determined and saved to be compared in the next phase.
In recognition phase the saved Cp matrix is compared to the previously saved matrix, 
which is associated with the trained data. As a result of this comparison, Tk values are 
obtained as follows:

where	n	is	the	number	of	coefficients	in	Cp	and	g,j,k	is	a	similarity	measure	that	is	defined	
with the same formulation of f,j,k , for evaluation of the similarity of the ith  cepstral coef-
ficient	of	the	saved	matrix	with	respect	to	the	jth	cepstral	coefficient	of	the	kth trained voice 
sample. Indeed, here each Tk value is the similarity of the recorded voice sample with the 
kth trained voice sample by spectrogram method. The basic steps in the processing of each 
word are the following:

i).Pre-emphasis
The	speech	signal		refereed	as	,	s(n),	is	filtered	with	a	first-order	FIR	filter	to	spectrally	
flatten	the	signal.	We	used	one	of	the	most	widely	used	pre-emphasis	filters	of	the	form	

where a=15/16. 

ii).Normalization
After pre-emphasis, each word has its energy normalized. Based on the energy distribu-
tion along the temporal axis, it is computed the center of gravity, and this information is 
used as reference for temporal alignment of the words. Appendix B shows examples of 
temporal	alignment.	The	energy	of	each	word	was	computed	using	60	non	overlapping	
windows. 
 
iii). Frame Blocking
The pre-emphasized speech signal, s^[n], is blocked into frames of N samples, with adja-
cent frames being separated by M samples. If we denote the lth frame of speech by xl[n], 
and there are L frames, then

	where	n=0,1,...,N-1,	and	l=0,1,...,L-1.	

iv). Windowing
Each individual frame is windowed to minimize the signal discontinuities at the borders 
of	each	frame.	If	the	window	is	defined	as	w[n],	0	<	n	<	N-1,	then	the	windowed	signal	is	

	where	0	<	n	<	N-1.
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We used a Hamming window[3], a typical window used for the autocorrelation method of 
LPC.Figure-1 (a) shows an example of a original signal and windowed frame. 

Figure -1(a)

Fig-1(b) Synthesis output when exited with noise

Fig-1(c) Synthesis output when exited with noise

Figure-1.(b) and (c) shows the synthesis of speech signal using different excitations.

v). LPC Parameters
The next processing step is the LPC analysis using the autocorrelation method of order p.
In matrix form, 

 where
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 is the autocorrelation vector,

is	the	filter	coefficients	vector,	and

is the Toeplitz autocorrelation matrix. This matrix is non sigular and gives the solution,

The autocorrelation method is very effective in speech processing [5], [6].

vi). LPC Parameter Conversion 
The	LPC	cepstral	coefficients,	cm, are a very important LPC parameter used in speech 
recognition.	They	can	be	derived	directly	from	the	set	of	LPC	coefficients	am for i=1,...,p, 
using the recursion

	where	1	<	m	<	p,	and

 where m > p. cm	was	 derived	 using	 [5].	The	 cepstral	 coefficients,	
which	are	the	coefficients	of	the	Fourier	transform	representation	of	the	log	magnitude	
of the spectrum, have been shown to be more robust for speech recognition than the LPC 
coefficients.	Generally,	it	is	used	a	cepstral	representation	with	Q	>	p	coefficients,	where	
Q~(3/2)p.

vii). Cepstral Distance
The	cepstral	coefficients	provide	an	efficient	computation	of	the	log-spectral	distance	of	
two frames [5]. For LPC models that represent smoothed envelopes of the speech spec-
tra,	it	is	usually	used	a	truncated	number	of	cepstral	coefficients.	In	our	work	we	used	a	
truncated	cepstral	distance	[6]	defined	by

viii).	Training	and	Classification
In	the	last	part,	we	build	a	codebook	of	cepstral	coefficients.	Each	one	of	the	five	classes	
of	words	(numbers	one	to	five)	is	represented	by	58	vectors,	each	one	with	15	coefficients.	
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Each vector represents a frame of a class. One routine in Matlab is used to compute the 
average	vector	for	each	frame	based	on	sets	of	30	words	for	each	class.	The	codebook	
is	stored	and	used	in	the	classification	routine.	The	classification	procedure	for	arbitrary	
spectral	vectors	is	basically	a	full	search	through	the	codebook	to	find	the	`best’	match.	A	
classification	routine	in	Matlab,	computes	the	cepstral	coefficients	of	the	unknown	input	
word. After that, it computes the distance between each vector of the input word and the 
corresponding	vector	in	the	codebook.	The	input	vector	is	classified	with	the	number	as-
sociated with the class that gives the minimum total distance. 

Results and conclusions
Implementation	of	LCP	using	Matlab	codes	shows	significant	speech	recognition	capa-
bility. For applications like prosthetic devices LPC method for speech recognition can be 
implemented using microcontrollers. In systems where vocabulary is limited and only a 
few	words	are	required	to	be	recognised	this	approach	is	beneficial.	This	fault	tolerant	
capability	of	the	LPC	can	further	be	enhanced	by	proper	configuration	of	the	widow	and	
LPC	parameter.	The	properly	configured	LPC	algorithm	can	be	used	as	a	robust	speech	
recognizer. It is found that by increasing the number of samples, we can get better perfor-
mance in noisy environment. Since the increase in the number of samples also increases 
the processing time and power consumption of the hardware a trade of between both 
should be maintained. 
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Abstract
The switched-mode DC-DC converters are some of the most widely used power elec-
tronics	circuits	for	its	high	conversion	efficiency	and	flexible	output	voltage.	These	con-
verters are used for electronic devices designed to regulate the output voltage against 
the changes of the input voltage and load current. This leads to the requirement of more 
advanced control methods to meet the real demand. Many control methods are developed 
for the control of DC-DC converters. To obtain a control method that has the best perfor-
mances	under	any	conditions	is	always	in	demand.	A	high-power-factor	rectifier	suitable	
for universal line base on an improved version of the Single-Ended Primary Inductance 
Converter (SEPIC) is presented in this thesis. The voltage multiplier technique is applied 
to the classical SEPIC circuit, obtaining new operation characteristics as low-switch-
voltage	operation	and	high	static	gain	at	 low	line	voltage.	The	new	configuration	also	
allows the reduction of the losses associated to the diode reverse recovery current and 
soft commutation is obtained with a simple regenerative snubber circuit. The theoretical 
analysis and experimental results obtained with the proposed structure are compared with 
the classical SEPIC topology.

Key Words: DC-DC converters, Switched circuits, Voltage Multipliers.

Introduction
The	Boost	converter	is	the	usual	structure	utilized	in	high-power-factor	(HPF)	rectifiers	
in order to improve power factor (PF) and reduce the total current harmonic distortion 
(THDi).	However,	for	universal	input	voltage	application,	the	efficiency	can	be	reduced	
mainly in the lowest input voltage, and the worst operation condition must be considered 
in	the	power	converter	design	procedure	[1].	The	improvement	of	the	efficiency	at	lower	
line	voltage	is	important	because	the	thermal	design	and	heat	sinks	size	are	defined	con-
sidering the worst operation point. Many works were developed in order to improve the 
operation	characteristics	of	the	power	converter	utilized	in	HPF	universal	input	rectifiers.	
A	review	of	the	main	single-phase	topologies	and	techniques	used	in	an	HPF	rectifier	is	
presented	in	[2]–[4].	A	discussion	about	the	use	of	single	stage	and	two	stages	structures	
is	presented	in	[5].	A	two	switches	topology	for	universal	input	HPF	rectifier	is	presented	
in	[6].	Some	single-stage-isolated	HPF	rectifiers	are	presented	in	[7]–[10].	The	voltage	
multiplier technique was presented in [11] for a boost converter in order to increase the 
static gain with reduced switch voltage. However, the boost voltage doubler cannot be 
used	for	a	universal	input	voltage	HPF	rectifier	because	the	output	voltage	must	be	higher	
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than	the	double	of	the	maximum	input	voltage	(Vo	=	800	V).	A	modification	in	the	mul-
tiphase	boost	voltage	doubler	was	proposed	in	[1]	for	a	universal	input	HPF	rectifier,	in	
order to obtain high static gain at the lower input voltage with the same dc output voltage 
level
of	a	classical	boost	converter	(Vo	=	400	V).	

Fig. 1 Classical SEPIC converter
The integration of a voltage multiplier cell with a classical single-ended primary induct-
ance converter (SEPIC) is proposed in this paper in order to obtain a high step-up static 
gain operating with low input voltage and a low step-up static gain for the high input 
voltage	operation.	The	operation	characteristics	obtained	with	this	modification	makes	
the	proposed	structure	an	interesting	alternative	for	the	universal	input	HPF	rectifier	or	
wide	input	voltage	range	applications,	operating	with	high	efficiency.	The	proposed	con-
verter operates with a switch voltage lower than the output voltage, and with an input 
current ripple lower than the classical boost converter. The power circuit of the proposed 
converter can be integrated with a simple regenerative snubber, obtaining soft-switching 
commutation	and	increasing	the	efficiency.

Proposed Converter
The voltage multiplier technique was presented in [18] in order to increase the static gain 
of	single-phase	and	multiphase	boost	DC–DC	converters.	An	adaptation	of	the	voltage	
multiplier technique with the SEPIC converter is presented in Fig. 2 

Fig. 2 Proposed Improved Converter
In	this	configuration	the	voltage	that	is	generated	across	the	Inductor	L2	is	higher	which	
helps in more voltage generation in output which increases the gain. The polarity of the 
voltage stored in the Capacitor Cs is inverted as in case of the normal SEPIC Converter. 
The working of the proposed converter is in Continuous Conduction Mode (CCM) opera-
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tion of the Improved SEPIC converter presents the following two operations:
1. First	Stage:	([t0,	t1]	Fig.	3)—At	the	instant	t0	,	the	switch	S	is	turned-off	and	the	en-

ergy stored in the input inductor L1 is transferred to the output through the capacitor 
Cs and output diode Do , and also to the capacitor Cm through the diode Dm. There-
fore, the switch voltage is equal to the capacitor Cm voltage. The energy stored in the 
inductor L2 is transferred to the output through the diode Do

2. Second stage ([t1, t2] Fig. 3) at the instant t1, the switch S is turned-on and the diodes 
Dm and Do are blocked, and the inductors L1 and L2 store energy. The input voltage 
is	applied	to	the	input	inductor	L1	and	the	voltage	Vcs	–	Vcm	is	applied	to	the	induc-
tor L2. The voltage Vcm is higher than the voltage Vcs .

Fig. 3 Timing Diagram of Improved SEPIC Converter
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The voltage in all the diodes and power switches is equal to the capacitor’s voltage Cs 
and Cm voltage.

Table 1 Duty cycle as a variation function of Input and output voltages

Usage
DC-DC converters are important in portable electronic devices such as cellular phones 
and laptop computers, which are supplied with power from batteries primarily. Such elec-
tronic devices often contain several sub-circuits, each with its own voltage level require-
ment different from that supplied by the battery or an external supply (sometimes higher 
or lower than the supply voltage). Additionally, the battery voltage declines as its stored 
power is drained. Switched DC-DC converters offer a method to increase voltage from a 
partially lowered battery voltage thereby saving space instead of using multiple batteries 
to accomplish the same thing. Most DC to DC converters also regulate the output. Some 
exceptions	include	high-efficiency	LED	power	sources,	which	are	a	kind	of	DC-DC	con-
verter that regulates the current through the LEDs, and simple charge pumps which dou-
ble or triple the input voltage.

Further Improvement
The	proposed	SEPIC	converter	is	extended	as	shown	in	below	flow	diagram	to	improve	
the	sufficiency	of	SEPIC	Converter.	The	proposed	converter	takes	part	of	input	and	out-
put voltages and on the basis of the harmonics present in the output of the SEPIC con-
verter the controller takes the decision of changing of frequency of switching of SEPIC 
converter switch by varying the produced pulses. Mainly this decision is taken on the 
basis of conversion of all the signals into the digital domain and the production of pulses 
by the decision of PWM and Comparator output.
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Fig. 4 Flowchart for further improvement

Conclusion
As DC-DC converters are becoming the prime choice of the industries as more and more 
emphasis is given on DC drives and for driving that drives we require DC regulated volt-
ages which can be generated with such converters. As here non linear techniques has 
been used like PI and PID controllers which result in less harmonic distortions in output 
voltage of normal DC-DC SEPIC converter.
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Abstract
Carbon dioxide (CO2) is one of the fundamental constituents of the planetary atmosphere. 
It is the most abundant molecule in the atmosphere of Venus and Mars. On Earth, we can 
easily understand its behavior with respect to global warming process. Since CO2   is one 
of the simplest polyatomic molecules, its study is also of great interest from the view-
points of atomic and molecular process. Electron impact ionization cross-sections have 
been measured for CO2	from	near	threshold	to	1000	eV.	We	have	calculated	ionization	
cross section of the fragmentation of CO2 (CO2

+,CO+,O+,C+,CO2
++,C++ and O++).Theoreti-

cal data is compared with previously reported measurements with available experimental 
data for CO2 molecule. We found that our results are in good agreement with the avail-
able experimental data for CO2 molecule. In this paper we have also shown the results of 
every fragmentation of CO2 (CO2

+, CO+, O+, C+, CO2
++, C++ and O++) in graphical  form 

and compared the same with the graphs obtained from available experimental and other 
theoretical  observation.

Key Words: - Ionization Cross Section, Scattering Cross Section. 

Introduction
Carbon dioxide (CO2) is the most important greenhouse gas produced by human activi-
ties, primarily through the combustion of fossil fuels. Its concentration in the Earth’s at-
mosphere	has	risen	by	more	than	30%	since	the	Industrial	Revolution.	Charles	D.Keeling	
was a pioneer in the monitoring of carbon dioxide concentrations in the atmosphere.
An electron collision with CO2 is one of the basic processes involving the molecule. Since 
the	1920s,	the	process	has	been	studied	both	theoretically	and	experimentally	by	many	
authors. A large number of papers have been published to report cross section data for the 
process. In view of the wide interest of CO2 as described above, it is desirable to compile 
those cross sections and present them in tabular or graphical form. In 1971, recognizing 
its importance in the upper atmosphere of Mars, Itikawa and Shimizu1 reviewed the pro-
cess of electron collision with CO2 and compiled the relevant cross section data as far as 
available at that time. Tawara noticed the role of the process in nuclear fusion devices and 

http://www.eoearth.org/article/Greenhouse_gas
http://www.eoearth.org/article/Combustion
http://www.eoearth.org/article/Industrial_Revolution
http://www.eoearth.org/article/Keeling,_Charles_D.
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published a review of the data on the electron impact cross section of CO2. Karwasz et al.  
Published a review article on the electron-impact cross section of a number of polyatomic 
molecules, including CO2 Very recently an extensive collection and evaluation of cross 
section data has been carried out for electron collisions with molecules. 
This work has provided a comprehensive set of cross sections recommended for a num-
ber	of	specific	processes	i.e.,	total	scattering,	elastic	scattering,	momentum	transfer,	exci-
tations of vibrational and electronic states, ionization, and electron attachment for more 
than	70	molecular	 species.	 In	 the	present	 paper,	 a	 complete	data	 set	 is	 assembled	 for	
electron collision with CO2, mainly based on the result of that data compilation, but with 
some	significant	additional	 information	e.g.,	emission	cross	sections,	more	recent	data	
on vibrational excitation, etc. which are either outside the scope of the compilation or re-
ported after the completion of the compilation. The literature has been surveyed through 
early	2001,	except	for	a	few	papers	published	since	then.
Ionization Potential 
When an electron collides with a CO2 molecule, many different kinds of positive ions 
are produced such as CO2 + at 13.8 eV, CO+ at 19.5 eV, O+  at 19.1 eV, C+ at 27.8 eV, 
CO2++ at 37.4 eV ,C++  at 51.2 eV, O++ at 54.2 eV.

Formulism
The	present	calculations	are	carried	out	using	the	modified	semi-empirical	formulism	de-
veloped	by	Pal	et	al	[21–24].	In	brief,	the	single	differential	cross	sections	in	the	complete	
solid	angle	∫	(	Ω	=	4	𝜋  = 2 𝜋  sin 𝜃  𝑑  𝜃  ) as a function of secondary electron energy 𝜀  cor-
responding to the production of 𝑖th type of ion in the ionization of a molecule by incident 
electron of energy 𝐸  is given by where 𝑊  ( = 𝜀  + 𝐼𝑖)	is	defined	as	energy	loss	suffered	by	
the incident electron. 𝐼𝑖, 𝑎0, 𝜀 0, 𝐶𝑖, 𝑆𝑖, and 𝑅 are the ionization threshold for the production 
of 𝑖th type of ion, the Bohr radius, energy parameter, collision parameter, number of ioniz-
able electrons and the Rydberg constant, respectively.
In the present formulation, the dipole oscillator strengths 𝑑  𝑓𝑖/ 𝑑  𝑊  are the key param-
eters. The oscillator strength is directly proportional to the photoionization cross section . 
We have used partial photoionization cross section data set in the energy range from 12 to 
52eV provided by Brion [26] using ( e , e ) spectroscopy. The accuracy of the determined 
oscillator strength scales was estimated to be better than ±5%. In the photon energy range 
52–180eV,	we	have	used	their	measured	total	valence	photo	absorption	oscillator	strength	
data [25] and for higher photon energy range 𝑊  > 180	eV	the	same	were	extrapolated	by	
Thomas-Reiche-Kuhn (TRK) sum rule (within ±10%	error	bars)	[25-26]. The total photo 
absorption cross sections have been distributed into ionic fragments considering the con-
stant	ionization	efficiency	to	be 1.0 above the dipole breakdown limit of  25eV. However, 
its evaluation is possible quantum mechanically using the suitable wave functions and 
transition probabilities corresponding to the production of cations. In case of dissociative 
ionization of polyatomic molecule CO2, we have no reliable probabilities corresponding 
to different dissociative ionization processes. 
The collision parameter 𝐶𝑖 (=0.08621	/	e	V)	and	energy	parameter	𝜀 0	(=30	e	V)	are	evalu-
ated	for	other	polyatomic	molecules	[21–24].The vertical onsets or the ionization poten-

http://www.hindawi.com/journals/apc/2009/309292/#B5
http://www.hindawi.com/journals/apc/2009/309292/#B6
http://www.hindawi.com/journals/apc/2009/309292/#B20
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tials corresponding to the various cations are also given along with the photo ionization 
measurements [25-26]. In the present evaluations of cross - sections, the estimated uncer-
tainty is more or less the same as for the measurement of photo ionization cross sections.
Even on the theoretical side several more methods are available to compute the cross 
sections over a wide range of atoms, molecules, radicals and even cluster but all of them 
are partially successful. For example, there is no explanation for either of the two step 
process or multiple ionization process or auto-ionization or about the correlation, con-
tributions and exchange effects. Among the various available formalisms, we use only 
modified	 Jain- Khare approach. In this research work, we calculate the ionization 
cross section of CO2	molecules	and	we	are	using	modified	Jain- Khare semi- empiri-
cal formula. This formula (Jain- Khare semi empirical) is applicable to calculate the 
direct dissociate, total, single and double ionization cross section. This formula is also 
applicable to calculate partial, photo, integral ionization cross sections of atoms and 
molecules.	The	formula	is	useful	for	finding	the	rate	coefficient	of	any	atom	and	mol-
ecule.                                                                                                                                                               

Now we are discussing the Jain- Khare semi empirical formula. 
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Where a0,R,	K,S,	and	θ	represents	the	first	Bohr	radius,	Rydberg’s	constant,	momentum	
transfer, number of ionizable electrons and the scattering angle respectively, Summation 
of PDDCS over I gives the total PDDCS (DDCS)
In the calculation of single differential cross-section for the production of ith type of ion 

we have replaced it by )( iI+ε . The energy loss suffered by primary electron is from the 
calculation of partial double differential cross section as a function, second any electron 
energy	cross	it	and	the	scattered	angle	θ	on	the	differentials	of	Jain-	Khare	semi	empirical	
formula with respect to solid angle θθδ dSind =
Double differential cross sections are angular dependent in all the scattering geometric 
and hence the angular oscillator strength dfi  in this contact, we have employed the tri-
ple differential generalized oscillator strength in the Bethe region rather than the linear 
optical	oscillator	strengths	from	Lassettre’s	theorem.	In	the	optical	limit,	where	K→0,	
TDGOS reduces to the angular linear oscillator strengths.
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The triple differential cross section is derived by the differential of double cross sections 

http://www.hindawi.com/journals/apc/2009/309292/#B6
http://www.hindawi.com/journals/apc/2009/309292/#B5
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with respect to the energy of the second ejected electron. In (e, 3e) process, however, the 
outgoing electrons are indistinguishable, the two ejected electrons are designated by their 
energies ξε & 	respectively.	The	total	energy	loss	is	defined	by	 ξε ++= 1IW 	at	fixed	
incident electron energy and second electron energy treating constant values of ( )ε+1I  
one gets ξddW = . 

RESULT AND DISCUSSION
The	present	result	for	PDDCS	at	1000eV	with	respect	to	the	energy	loss	function	or	sec-
ondary electron energy loss function or the secondary energy. As mentioned earlier, no 
previous data exist in comparison of PDDCS and PDDCS at their energy can be made. 
To check the accuracy of the present result, we have carried out a comparison of total PD-
DCS	with	the	work	of	Yukiazu	Itikawa	[36].	The	figures,	represent	the	single	and	double	
differential cross section for the CO2

+, CO2
+,O+, C++,O++ and CO+2, ions and the total dif-

ferential cross section, respectively, by electron impact CO2.
Table 1

Energy CO2
+ CO+ O+ C+ CO++ C++ O++ TOTAL

16 0.103097 0.103097

20 0.51154 0.125094 0.188795 0.825429

30 1.371122 0.861701 0.866329 0.261304 0.261304 3.62176

40 1.804657 1.219414 1.246716 0.697406 0.697406 0.216035 0.216035 6.097669

50 1.99388 1.430065 1.477733 0.921159 0.921159 0.545545 0.545545 7.835086

60 2.074043 1.545571 1.604886 1.060558 1.060558 0.702256 0.702256 8.750128

70 2.087079 1.603401 1.668549 1.148168 1.148168 0.802367 0.802367 9.260099

80 2.067865 1.626456 1.693984 1.202138 1.202138 0.870453 0.870453 9.533487

90 2.031786 1.628408 1.696313 1.233841 1.233841 0.917635 0.917635 9.659459

100 1.98721 1.6175 1.684 1.250648 1.250648 0.95037 0.95037 9.690746

110 1.93883 1.5988 1.664 1.257361 1.257361 0.972853 0.972853 9.662058

120 1.88929 1.5754 1.639 1.257184 1.257184 0.987937 0.987937 9.593932

130 1.84009 1.5495 1.611 1.252304 1.252304 0.99759 0.99759 9.500378

140 1.79207 1.5221 1.582 1.24416 1.24416 1.003254 1.003254 9.390998

150 1.74568 1.4942 1.552 1.233798 1.233798 1.005904 1.005904 9.271284

160 1.70116 1.4663 1.522 1.221904 1.221904 1.006273 1.006273 9.145814

170 1.65855 1.4387 1.492 1.208998 1.208998 1.004864 1.004864 9.016974

180 1.61786 1.4116 1.463 1.195373 1.195373 1.002081 1.002081 8.887368

190 1.57904 1.385 1.435 1.181296 1.181296 0.998192 0.998192 8.758016

200 1.542 1.3592 1.407 1.166934 1.166934 0.993388 0.993388 8.628844

230 1.44067 1.2861 1.33 1.12329 1.12329 0.975135 0.975135 8.25362

250 1.38037 1.241 1.282 1.094404 1.094404 0.960658 0.960658 8.013494

276 1.30938 1.1866 1.224 1.057726 1.057726 0.940154 0.940154 7.71574

300 1.2503 1.1401 1.175 1.024988 1.024988 0.920191 0.920191 7.455758
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350 1.14361 1.0538 1.085 0.961079 0.961079 0.87741 0.87741 6.959388

400 1.0546 0.9796 1.007 0.903219 0.903219 0.835184 0.835184 6.518006

450 0.97924 0.9153 0.94 0.851214 0.851214 0.795006 0.795006 6.12698

500 0.91462 0.8593 0.882 0.804633 0.804633 0.757468 0.757468 5.780122

550 0.85858 0.851 0.83 0.762761 0.762761 0.722763 0.722763 5.510628

600 0.80952 0.7664 0.785 0.725117 0.725117 0.690753 0.690753 5.19266

650 0.76617 0.7275 0.745 0.691068 0.691068 0.661267 0.661267 4.94334

700 0.72759 0.6927 0.709 0.660236 0.660236 0.63417 0.63417 4.718102

750 0.68653 0.6612 0.676 0.632127 0.632127 0.609229 0.609229 4.506442

800 0.66184 0.6327 0.647 0.606431 0.606431 0.586169 0.586169 4.32674

850 0.63358 0.6068 0.62 0.582895 0.582895 0.564842 0.564842 4.155854

900 0.60783 0.583 0.596 0.561224 0.561224 0.54505 0.54505 3.999378

950 0.58426 0.5612 0.573 0.541188 0.541188 0.526655 0.526655 3.854146

1000 0.5626 0.54112 0.552 0.522665 0.522665 0.509523 0.509523 3.720096

Figure1 represent the Ionization Cross section of CO2
+	ion	at	a	scattering	angle	of	60°.	

At	1000	eV	the	present	result	for	DDCS	are	significantly	lower	than	the	experimental	
data	of	Shyn	and	Sharp	while	at	1000	eV,	good	agreement	with	the	experimental	data	is	
observed.	In	Figure2,	we	note	that	at	1000	eV	the	present	result	is	satisfactory	agreement	
with the data. Further, there is no way to compare the present results above W > (E+1)/2, 
the maximum energy employed in the experiments. However, the present results are sym-
metric with respect to W/2. It is remarkable that differential cross sections can be divided 
qualitatively in two parts, one the dipole part known as the glancing collision and second 
the non dipole part known as the knock on collision, corresponding to the Bethe and the 
Moller parts of the present Semi Empirical formula. Large values of the differential cross 
section for slow secondary electron appear from the glowing contribution of the dipole 
allowed	interaction	while	above	W	≥	(E+1)/	2	the	cross	section	is	highly	affected	by	the	
exchange effects, which are taken into account through the Moller part of the formula. It 
is	noted	that	near	the	threshold	(ε	=	3.0	eV)	,	the	deviation	is	due	to	contribution	of	auto	
ionization of CO2 molecule. 

Ionization Cross Section of CO2
+ ion

 Figure No.1
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Ionization Cross Section of CO+ ion

 Figure No. 2

Ionization Cross Section of O+ ion

 Figure No. 3

Ionization Cross Section of C+ ion

     Figure No. 4
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Ionization Cross Section of CO++ ion

 Figure No. 5

Ionization Cross Section of C++ ion

 Figure No. 6

Ionization Cross Section of O++ ion

 Figure No. 7
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Total Ionization Cross Section of CO2

 Figure No. 8

Figures 1 to 8 along with table 1 show the Ionization Cross Section for the production of 
various ions through the direct, dissociative and multiple electron ionization of CO2. In 
the single ionization, the production of stable CO2

+ ions is a dominant process because 
of the strong columbic repulsion between the positive holes. For the production of stable 
CO2

+ ions and multiple CO2
+n ions at high energy, the bond type electronic states play an 

important role through auto ionizations. In the region of inner valence multiple ioniza-
tion, the charge localized dissociation of multiple CO2

+n in terms of minor processes also 
provided	a	 significant	 contribution	 in	 the	 cross	 sections.	The	present	 calculated	 result	
for the production of CO2

++ .Ions through the direct ionization shown in Figure 1, 2, 3 
are in satisfactory agreement with the calculated results, while in the low energy range, 
i.e.,	near	the	threshold	and	above	1000eV,	the	agreement	is	fair.	On	the	other	hand,	the	
experimental data are much lower than the present result and other experimental data. 
Hence,	for	the	sake	of	clarity	and	the	reasonable	shape	of	the	figure,	these	points	are	not	
shown in Figure.
Figure 1-7 and total shows the dissociative ionization cross section for the production of 
CO2

+, CO+, O+, C+ ,C++,O++,CO+2  and total ionization cross section of  CO2 ions from the 
electron impact ionization of the CO2 molecule with experimental data. In the dissociate 
channels, the production of CO2

+ and CO2
++ is the dominant process compared to other 

minor ions, e.g., CO2
+, CO+, O+, C++, O++ and CO+2.	In	the	figure,	we	observed	a	general	

agreement between our cross sections for the O+	 ions;	 the	experimental	data	 lie	much	
lower than the present results and the other experimental data too. The present calcula-
tions for the CO2

+ ions are in satisfactory agreement with the experimental data of Crow 
and	McConkey.	Below	1000eV,	the	present	result	is	in	good	agreement	with	the	experi-
mental	data	of	Parses	and	Tuffin	but	above	1000eV	the	deviation	increases	rapidly.	On	
the other hand, the experimental data are much lower than the present calculations for the 
CO2

+ ions.	On	the	other	hand,	for	E	>	200eV,	the	present	calculations	are	in	good	agree-
ment	with	the	experimental	data	and	higher	by	40%	than	the	experimental	data	shown	by	
Orient and Srivastava. The experimental data are much higher than the present calcula-
tions.
In Figure 1-8 represent the production of CO2

+, CO+, O+, C+, C++, O++, CO+2 and total dif-
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ferential cross section respectively, from the electron impact ionization of CO2 molecule. 
For the CO2

+2 ions the calculated results are in good agreement with the experimental 
data	within	experimental	uncertainty.	However,	the	experimental	data	of	Tuffin	are	much	
lower than the theoretical results and these experimental data points. Furthermore, the 
experimental	data	are	40%	lower	 than	 the	present	 theoretical	 results	and	 these	 for	 the	
CO2

+2 ions. In principle, the dynamics of double ionization, it is not possible to distin-
guish whether the process is direct or proceeds via correction between electrons. Impact, 
it is well known that the correlation between two target electrons is responsible for double 
electron impact ionization. In the case of electron impact, the outer shell double shell 
ionization	can	be	envisaged	either	as	a	first	order	process	or	a	second	order	process.	In	
general, the contribution of the shake off process in double ionization is three times larger 
than the two step mechanism.
In case of PICS, especially for dissociative process, there is a confusing situation about 
the experimental data, as we note than the experimental data points are not in satisfac-
tory agreement with the theoretical result as well as many of the experimental data show 
confusion results for the dissociative ionization processes. This may be due to systematic 
errors in their experiments and the different modes of normalization of their data. Fur-
thermore, the experimental analysis of Crow and McConkey did not include formation 
of	minor	ions	via	meta-stable	states.		Besides,	the	absolute	data	show	a	significant	disa-
greement with our results for dissociative ionization as well as other experimental data, 
whereas in the case of CO2 molecule an excellent agreement within 5% error has been 
noticed.	The	data	of	Straub	et	al.	are	absolute	with	a	statistical	error	of	(4-10.5)	%	for	
the dissociative ionization of CO2;	however,	there	may	be	some	systematic	error	in	the	
collection of minor ions produced via dissociative processes in their experiment. The ac-
curacy of the present formula is linked with the accuracy of oscillator strength. The accu-
racy of the present Formula can be increased if we have the more accurate experimental 
data of the photo ionization cross section for the production of various ions.
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