Research Journal Publications (2015-16)

Sl Title of paper Name of the author/s Department Name of journal Year of | ISBN/ISSN
No, of the teacher publicatio| number
n

1 |Water Surface Profile Computation In Non- B. Naik, K.K.Khatua CE Science Direct (Elsevier) | 2015-16 | ISSN: 2214-
prismatic Compound Channels” Aquatic Procedia 241x

2 |Effectiveness of Time-expansion of Consonants N.H SHOBHA ECE International Journal of | 2015-16 | 2319-4847
for the benefit of Hearing-impaired listeners Application or Innovation in

Engineering and
Management (IJAIEM)

3 |Enhancement of speech intelligibility in the N.H SHOBHA ECE International Journal of | 2015-16 | 2319-4847

context of Hearing-impairment Application or Innovation in
Engineering and
Management (ITATEM)

4 |Influence of Microstructure on Mech. Properties of A Rajasekhar Mech. International Organization | 2015-16 | ISSN 2278-
Martensitic Stainless Steel Welds (Accepted for of Scientific Research- 1684
publication) pp. 05-10, vol 12, issue 2, Journal of Mech. and civil

engineering (IOSR-JMCE)

5 |Eror Detection and Correction Using STI in CH.SURESH ECE International Journal of | 2015-16 [IJVDCSV031

Cache Memory VLSI System Design and S06P6079-2)
Communication Systems

6  |“Corrosion Behavior of Martensitic Stainless A Rajasekhar Mech. International Journal of | 2015-16 ISSN
Steels - Role of Composition and Heat Treatment Science and Research (Online):
Procedures”, pp. 2795-2798, vol 04, issue 4, (IJSR) Velume 4 Issue 4, 2319-7064

April 2015-16, PP 2795-
2798

7 |Orthogenal Frequency Division Multiplexing Santosh M Nejakar, Dr.Prabhu EEE European Journal of 2015-16 | ISSN: 2394 -

Modulation Scheme for 4G/5G Cellular Network Benakop Advances in Engineering 658X,
and Technology, 2015-16,
2(3): 46-50

&  |“Heat Treatment Methods Applied To AISI 431 , A. Rajasekhar Mech, International Journal of | 2015-16 (ISSN 2229-
Martensitic Stainless Steels”, pp. 547-553, Volume Scientific & Engineering 5518).

6, Issue 4, . Research, (IJSER)

9 |LPC models and different speech enhancement Arjun Ghule,Dr.Prabhu G Benakop EEE International journal of | 2015-16 | ISSN 2394-
techniques-A Review innovations in Engineering 3696,

Research and Technology, INPACT
paper id-1440005885- FACTOR-
July,2015-16,volume - 2.776(2015-
2,issue 16-16)

10 |Effect of Welding Processes and Post Weld Heat A, Rajasekhar Mech. Int.Journal of Technical | 2015-16 |e-ISSN 2320
Treatments on Microstructure and Mech. Research and Applications - 8163 p-
Properties of AISI 431 Martensitic Stainless Steel (IITRA) - ISSN 2321 -
€-ISSN: 2320-8163, www. ijtra.com Volume 3, 7332
Issue 3, PP. 280-285

11 (Electrical transport properties of nano crystalline G. Aravind , M.Raghasudha, H&S J Materiomics 2015-16 | 2352-8478
Li-Ni ferrites D.Ravinder ,

12 |Synthesis, characterization and FC-ZFC G.Aravind, M. Raghasudha, H&S Tof Mag and Mag Materials| 2015-16 | 0304-8853
magnetization studies of cobalt substituted lithium D.Ravinder
nano ferrites

13 |Hadoop Architecture and its Functionality Vuppu Padmakar CSE International Journal of | 2015-16 | 1947-5500

Computer Science and
Information Security
(LICSIS)

14 |[Impact of transition metal ion doping on electrical | G-Aravind, D.Ravinder,V_.Nathanial H&S Advanced Material Letters- | 2015-16 | 0976-3961
properties of Lithium ferrite nano materials (VBRI Press)
prepared by auto combustion method

15 |Smart phone based avthentication system using D Rajashekar & CSE LISRD 2015-16 |ISSN:232106
gestures R sandeep 13

16 “Future’s Smart Objects in IOT, Based on Big-data] Sandeep Ravikanti, Gadasu Presti CSE IRCCE 2015-16 |ISSN(Online)
and Cloud Computing Technologies 1 2320-9801

ISSN (Print):
2320-9798

17 |An Incremental Framework for Internet of Things | Sandeep Ravikanti, Gadasu Preeti CSE IJARCMS 2015-16 | ISSN: 2321-
(Iot) and Big Data - A business Intelligence (BI) 7782
Prospective (Online)

18 [“Evaluating The Performance Of Reactive Unicast Sandeep Ravikanti, Gadasu Preeti CSE UIRSET 2015-16 |{ISSN(Online)
Routing Protocols With OPNET Simulator In 12319-8753
MANETS Under VOIP ISSN (Print) :

2347-6710
19 |Various Research Trends of Electrical Discharge | BSV Ramarao, P. Shailesh and M, Mech. International Journal of | 2015-16 | ISSN: 2278-
Machining (EDM)” , Sreenivasa rao Emerging Research in 9359
Mangement and
Technology, (Vol 4, Issue
20 |Effect Of Exhaust Gas Recirculation On P. Ravi chander , Dr. B. Sudheer Mech. ISST Journal of Mech. 2015-16 | ISSN: 0976-
Combustion Characteristics And Emissions Of Di Prem Kumar , Dr. K. Vijaya Kumar Engineering 7371

Diesel Engine Adopting Different Air Filter

Reddy




Research Journal Publications (2015-16)

SL Title of paper Name of the author/s Department Name of journal Year of | ISBN/ISSN
Ne. of the teacher publicatio| number
n
21 |Modified CI Engine Performance by Varying Md, Fakhruddin HN,, Srinivas Mech. International Journal for | 2015-16 | ISSN: 2349-
Injection Timing Ragahavan, Dr. Mohammed Yousuf| Trends in Engineering & 9303
Ali and Dr.Manzoor Hussain Technology (UTET)
22 |4 Stroke Engine with 2 Power Strokes Md. Fakhruddin H.N.,Mohammed Mech. Journal of Basic and 2015-16 |p-ISSN: 2350
Yousuf Ali and A.P.V. Prasad Rao Applied Engineering - 0077, e-
Research (JBAER) ISSN: 2350 -
0255
23 |Modelling and Control of Higher Rating DC Motor|  Garimella Raghu Chandra and EEE International Journal of | 2015-16 |elSSN : 2456
with GA Based Optimized PID Controller Garimella Atchyut Microelectronics and 3988
Digital Integrated Circuits
24 |Application of High-Speed Videography in Vedala Rama Sastry, G. Raghu EEE International Jounal of | 2015-16 |eISSN: 2581-
Assessing the Performance of Blasts Chandra, N. Adithya, and S.A. Geological and 5598
Saiprasad Geotechnical Engineering
25 |Piezo-Gen - An Approach to Generate Electricity | Raghu Chandra Garimella, Dr. V.R. EEE International Journal 2015-16 | ISSN: 1878-
from Vibrations Sastry, and Mohammed Shoeb Procedia Earth and 5220
Mohiuddin Planetary Science, Elsevier
26 |Three Phase H6 Transformer less PVA Grid Shashi Kumar K., 8. Rajesh, N. EEE International Jounal of 2015-16 | ISSN 2321-
Connected Inverter ] Nireekshan [INNOVATIVE Technology 8663
27 |A high step up resonant boost converter using ZCS | Maheswar Reddy K., Suresh K. EEE International Journal of | 2015-16 | ISSN 2091-
with push-pull topology Engineering Research and 2730
General Science
28 |Harmonic Analysis of Doubly Fed Induction Y. Mastanamma, S, Deepthi EEE International Journal of | 2015-16 [ISSN (Print) :
Generator for Wind Energy Conversion System Advanced Research in 2320-3765
Using MATLAB/Simulink Electrical, Electronics and ISSN
Instrumentation (Online);
Engineering 2278 — 8875
29 |Orthogonal Frequency Division Multiplexing Santosh M Nejakar, Dr.Prabhu EEE European Journal of 2015-16 |ISSN: 2394 -
Modulation Scheme for 4G/5G Cellular Network Benakop Advances in Engineering 658X,
and Technology, 2015-16,
2(3): 46-30
30 JLPC models and different speech enhancement Arjun Ghule,Dr.Prabhu G Benakop EEE International journal of | 2015-16 [ISSN 2394-
techniques-A Review innovations in Engineering 3696,
Research and Technology, INPACT
paper id-1440005885- FACTOR-
July,2015-16,velume - 2.776(2015-
2.issue 16-16)
31 |A review of LPC methods for Arjun Ghule, Dr.Prabhu G EEE International Journal of | 2015-16
enhancement of speech signals Benakop Innovations in Engineering
Research and Technology,
[JIERT,-July,2015 volume-
2,issue-7,
32 |Gps and RFID based school children tracking Dr R.Ch.A.Naidu CSE IJARCET 2015-16 |ISSN: 2278 —
System 1323
33 |Cloud based Video Streaming Techniques based Dr R.Ch.A Naidu CSE International Journal of | 2015-16 [ISSN (online)
on real world Experiments innovative research in 12320-9801
Computer and
communication
34 |A Survey on Social Intemet of Things (SIoT) Dr R.Ch.A Naidu CSE International Journal of | 2015-16 [ISSN (online)
Revolutionize in Business and Multimedia innovative research in :2320-9801
Computer and
communication Engineering
35 |Reserving Space for Embedding Data in Encrypted Dr R.Ch.A Naidu CSE International Journal of | 2015-16 [ISSN {online)
Images innovative research in :2320-9801
Computer and
_ cominunication Engineering
36 [Combined Transfer Routing and Circulation of Dr R.Ch.A Naidu CSE International Journal & | 2015-16 | ISSN:2348-
Protection Services in Elevated Rapidity Network Magazine of Engineering 4845
Technology, Management
and Research
37 |A Descriptive Study on Mobile Applications for Dr R.Ch.A Naidu CSE International Journal of | 2015-16 | ISSN:2348-
user interaction Innovative Science, 7968
Engineering & Technology
38 |Decentralized Access Control with policy hiding to Dr R.Ch.A Naidu CSE International Journal of | 2015-16 | ISSN:2347-
store data in clouds software and Hardware 4890
- Research in Engineering
39 |a new Methodology to avoid dead lock with dining Dr R.Ch.A.Naidu CSE International Journal of | 2015-16 [ISSN (online)
philosophers problem in Rust and Go System Advanced Research in 2278-1021
Programming Languages Computer and
Communication
40 |New Approach of Scheduling Algorithms in Linux DrR.Ch.A Naidu CSE International Journal of | 2015-16 | ISSN:0975-
operating system with goodness function Computer Science and 9646
Information Technologies




Research Journal Publications (2015-16)

Sl Title of paper Name of the author/s Department Name of journal Year of | ISBN/ISSN
No. of the teacher publicatio| number
n
41 {A Novel Methodology to identify the intruders and Dr R.Ch.A Naidu CSE International Journal of | 2015-16 [ISSN (online)
Attackers in the Network with snort innovative research in :2278-1021
Computer and
communication Engineering
42 |Securing Sensitive Data in Distributed Cloud Dr R.Ch.A Naidu CSE International Journal of | 2015-16 | ISSN: 2321-
Storage Using Identity Based Encryption Innovative Technologies 8665
43 |Secure Location-Based Routing Based on Dr R.Ch.A Naidu CSE International Journal For | 2015.16 | ISSN: 2347-
Homomorphic Encryption Scheme Technological Research In 4718
Engineering
44 |Monitoring and Centering a Remote Discrete Dr R.Ch.A Naidu CSE International Journal of | 2015-16 ISSN(online)
Using Rfid Through Sim Module Engineering Science ;2319-6734,
Invention ISSN(Print):
2319-6726
45 |Authorize Trustworthy Service Estimation Service Dr R.Ch.A Naidu CSE International Journal of | 2015-16 | ISSN: 2277-
and Security in Mobile Social Networks Engineering & Science 2685
Research
46  |Polyhydroxyalkanoate Producing Novel Bacillus Chaitanya Mahmood, nagaman, H&S International Journal of | 2015-16 [2319-7706
sp., SKM11 isolated from Polluted Pond Water Sunil Kumar Current Microbiology and
Applied Sciences, (2015),
Volume 4 (6) pp.1159-
1165,

(o]
5
—

L\
rincipab/




Available online at www.sciencedirect.com

ScienceDirect

Aquatic

Procedia

www.elsevier.com/locate/procedia

CrossMark
B

o2 S
ELSEVIER Aquatic Procedia 4 (2015) 1500 — 1507

INTERNATIONAL CONFERENCE ON WATER RESOURCES, COASTAL AND OCEAN
ENGINEERING (ICWRCOE 2015)

Water Surface Profile Computation In Nonprismatic Compound
Channels
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Abstract

A river generally exhibits a two stage geometry i.e. deeper main channel and shallow floodplain called compound section. In
most of the compound channels, the floodplain geometry is found to be varying along the length of the flow called non-prismatic
compound channel. The modelling of such flows is of primary importance when seeking to identify flooded areas and for flood
risk management studies etc. The water surface profile is a series of transition curve from the normal depth line in one sub reach
to the normal depth line in the adjacent sub reach. Water surface modeling help for the study of flood waves, water level
calculation during flood, stage discharge relation, design of water work structures. All non-prismatic open channel flows are
found to be unsteady and non-uniform. So these flows are difficult to analyse. In this paper experiments have been conducted to
compute the water surface profile of non-prismatic compound channel for different converging angle and an attempt has been
made to formulate mathematical models for predicting water surface profile by using the new experimental data of N.L.T,
Rourkela and other standard data sets for different converging compound channels.
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1. INTRODUCTION

A compound channel consists of a main channel and floodplains. The main river channel carries low flows and
the flood plains transport overbank flows during flooding. The storage provided by floodplains in overbank flow
reduces river channel that carries low flows flood stages. The interaction between the main channel and floodplain
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flow is a complex one because of the momentum transfer at the interface. This phenomenon is more complex in non-
prismatic compound channels with converging floodplains due to change in geometry. In converging compound
channel the flow is forced to leave the flood plains and enter the main channel resulting in increased interactions and
momentum exchange (Bousemer and Zech (1999), Bousemer et al. (2004), Proust et al. (2006), Rezai (2006)). This
extra momentum exchange should also be taken into account in the flow modelling. Today more than half of the
world’s population live within 65km of a sea cost, and most of the major cities are also located on main river
systems. So whenever flood occurs, this has lead to increase in the loss of life and economic cost (Knight and
Shamseldin 2005). Water surface profile prediction is a vital issue in flood risk management and also in assessing
ecological effects of bridge construction or changing the cross section geometry of channels. The effect of
contraction on the water depth in a compound channel with converging compound channel is now investigated. In
present work based on the experimental data of N.I.T Rourkela data and Rezai (2006) data an attempt has been made
to develop a mathematical model for water surface calculation in converging compound channels. The method can
be applied to the converging compound channels of different configurations and flow conditions.

Nomenclature

a width ratio

S aspect ratio

B relative depth

Xr relative distance

0 converging angle

2. EXPERIMENTAL WORK

2.1. Experimental Setup

Experiments had been conducted at the Hydraulics and Fluid mechanics Laboratory of Civil Engineering
Department of National Institute of Technology, Rourkela, India. Three sets of non-prismatic compound channels
with varying cross sections were built inside a concrete flume measuring 15m long % 0.90m width x 0.55m depth
and flume with Perspex sheet of same dimensions. The width ratio of the channel was o = 1.8 and the aspect ratio
was & = 5. Keeping the geometry constant, the converging angles of the channels were varied as 12.38°, 9° and 50
respectively. Converging length of the channels fabricated were found to be 0.84m, 1.26m and 2.28m respectively.
Longitudinal bed slope of the channel was 0.0011. Roughness of the floodplain and main channel were identical and
the Manning's n was determined as 0.011 from the experimental runs in the channel. A re-circulating system of
water supply was established with pumping of water from an underground sump to an overhead tank from where
water flows under gravity to the experimental channel. Adjustable vertical gates along with flow strengtheners are
provided in upstream section sufficiently ahead of rectangular notch to reduce turbulence and velocity of approach
in the flow near the notch section. An adjustable tailgate at the downstream end of the flume helps to maintain
uniform flow over the test reach. Water from the channel was collected in a volumetric tank that helps to measure
the discharge rate. From the volumetric tank water runs back to the underground sump. Figure 1(a) shows the plan
view of experimental setup. Figure 1(b) shows the plan view of experimental sections.

A movable bridge was provided across the flume for both span wise and stream wise movements over the
channel area so that each location on the plan of compound channel could be accessed for taking measurements. The
broad parameters of this channel are aspect ratio of main channel (J), width-ratio («).

A micro-Pitot tube of 4.77 mm external diameter in conjunction with suitable inclined manometer is used to
measure velocity at these points of the flow-grid. The Pitot tube is physically rotated with respect to the main stream
direction till it gives maximum deflection of the manometer reading. A flow direction finder having a least count of
0.1° is used to get the direction of maximum velocity with respect to the longitudinal flow direction. The angle of
limb of Pitot tube with longitudinal direction of the channel is noted by the circular scale and pointer arrangement
attached to the flow direction meter. The overall discharge obtained from integrating the longitudinal velocity plot
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and from volumetric tank collection is found to be within 3% of the observed values.
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Fig.1 (a). Plan view of experimental Setup (b). Plan view of experimental Section

S
—e
\\‘

p—

1

b

S——
é/ e

|
-

\\. .
Non prismatic Sactions

Tablel.Hydraulic parameters for the experimental channel data set collected from literature experiments

Verified Types Angle of Longitudin Cross Total Main Main Width Converging  Aspect
test of convergent  al slope sectional channel channe  channel ratio length Ratio
channel (S) geometry width (B)  lwidth  depth (h)

channel © ®) (see-l)  (Xr) b/h (5)

B/b (o)
Meter Meter Meter Meter

Rezai Convergent  11.31° 0.002 Rectangular 1.2 0.398 0.05 3 2 7.96
(2006) (CV2)
Rezai Convergent  3.81° 0.002 Rectangular 1.2 0.398 0.05 3 6 7.96
(2006) (CV6)
Rezai Convergent  1.91° 0.002 Rectangular 1.2 0.398 0.05 3 6 7.96
(2006) (CVo)
N.IT. Rkl Convergent ~ 5° 0.0011 Rectangular 0.9 0.5 0.1 1.8 228 5
N.LT. Rkl Convergent ~ 9° 0.0011 Rectangular 0.9 0.5 0.1 1.8 1.26 5
N.LT. Rkl Convergent  12.38° 0.0011 Rectangular 0.9 0.5 0.1 1.8 0.84 5

3. EXPERIMENTAL RESULTS

The stage discharge relationship of different sections for the converging compound channel of angle 12.38° from in
bank to over-bank flow conditions are shown in Fig.2 (a) and Fig.2 (b). A total 13 stage-discharge runs for are
observed at the test reach.
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prismatic part) Stage dlscharg_e for converging angle12.38(sec-3
B Non-prismatic part)
’ Over Bank 0.16 1
0.14 Over Bank
QA5 0.12 -
E e e e i
g Dl e i i T 50.08 ) In Bank
5 In Bank 50.06 o
0.05 0.04
0.02
U T T 1 O T T 1
0 0.02 0.04 0.06 0 0.02 y; 0.06
Discharge(m?s Dlscharge(%

Fig. 2(a). Stage discharge relationship for the converging angle 12.38° (Sec-1 prismatic part) (b). Stage discharge relationship for the converging
angle 12.38° (Sec-3- Non-prismatic part)

4. WATER SURFACE PROFILE COMPUTATION AND MODEL DEVELOPMENT

From the literature study, it is seen that water surface profile (WP) = F (o, 5, o) for prismatic compound channel,
Where F is the functional symbol. But when all the equations are tested against non-prismatic compound channels
of converging sections significant errors are found due variation of geometry. So an attempt has been made here to
see the variation of Non prismatic water surface profile with respect to different independent parameters. Non
prismatic water surface profile has been derived from a wide range of experimental data sets from three different
types of converging compound channels of NIT, Rourkela, India along with three series of converging compound
channels data of Rezai (2006) (details of the data sets are given in Table.1) These compound channels have
homogeneous roughness both in the main channel and floodplain subsections. Manning’s n values for all these
smooth surfaces are taken as 0.01.A multiple-variable regression model is developed by taking five important
dimensionless independent parameters. The dependency of Non dimensional water surface profile (NWP - Flow
depth over floodplain divided by full main channel depth) and the best functional relationships of it have been found
out from different plots described below. The relationships may be in the following form

NWP=F(a,pB o 06 X) €))

The variation of NWP has been found out for six converging compound channels. The variation of NWP in terms of
relative depth f and relative distance X7 are plotted for different converging angles 6 in Fig 4, 5, 6, 7, 8, 9. From
these figures it is seen that NWP increases with increase in relative depth.

Dr vs Xr of different relative depth for converging angle 1.91° y = 0.25g-055
Rz = 0.97
0.6
-~
é O,SF 4 — — — - 4 — — ® * ¢— & y = 040802
S 0.4 . R* = 0.998
=4 A
0.3
2
2 02 mDr=3
E o1 Dr=4
-
m O T T T T T T T 1 * Dl'=5
0 01 02 03 0.4 0.5 0.6 0.7
Relative Distance (Xr)

Fig.4. Variation of NWP along the Non prismatic length for converging angle 1.91°
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Dr vs Xr of different relative depth for convergingangle 3.81°

y = 0.250055%
R? =097

y = 040022
R* = 0.998

EDr=02
ADr=03
#*Dr=0.4
*Dr=05

Relative Depth (Dr)

Relative Distance (Xr)

Fig.5. Variation of NWP along the Non prismatic length for converging angle 3.81°

Dr vs Xr of different relative depth for converging angle 11.31°
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Fig.6. Variation of NWP along the Non prismatic length for converging angle 3.81°

Dr vs Xr of different relative depth for converging angle 5°
y = 0.25e-0-55%
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Fig.7. Variation of NWP along the Non prismatic length for converging angle 5°
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Dr vs Xr of different relative depth for converging angle 9° y = 0.25g-0.55«
R? = 0.97
0.35 V= 0.40e-0.22¢
-~ 0.3 R* =0.998
e O ")5
S . \
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Fig.8. Variation of NWP along the Non prismatic length for converging angle 9°
Dr vs Xr of different relative depth for converging angle 12.38"
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Fig.9. Variation of NWP along the Non prismatic length for converging angle 12.38°
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By analysing the above plots, the best functional relationships of NWP with different non-dimensional geometric

and hydraulic parameters for the ranges of overbank flow depths are given by

NWP =0.25¢ %7*  for lower Relative flow depthi.e D,= 0.2, 0.25, 0.3

NWP = 0.40 ¢ "% for higher Relative flow depth i.e D,= 0.4, 0.5

Here the R? value of the chosen functional relationship has been found to be very high and varies from 0.97 to 0.99
(please see the Fig. no. 4, 5, 6, 7, 8, 9). The equations (2) and (3) can be applied to compute the water surface
profile of a converging compound channel flow for different converging angles and at different reaches in terms of

relative distance from the starting part of non-prismatic reach i.e. X;.
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5. RESULTS AND DISCUSSION

The NWP for all the new non-prismatic compound channels and the data of Rezai (2006) has been computed using

equation (2) and (3).

The variation between the calculated values of NWP of equations (2) and (3) and the

corresponding observed values for all the six types of channels are shown in Fig.10 for higher Relative depth and
Fig.11 for lower Relative depth. The percentage error NWP is less for both Present experimental Channel as well as
Rezai (2006) Channel proving the effectiveness of the equation (2) and (3).

o
'S

Predicted NWP
o
w

Actual NWP vs Predicted NWP forhigher Relative depth for different converging
length

® Dr=0.5 ofcv 1.91

g B Dr=04 ofcv 1.91

J ADr=04ofcv
«} 1131

] X Dr=0.5 of cv

1131
X Dr=04 of cv 3.81

0 0.1 0.2 0.3 0.4 0.5

02 -
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0 . . . . .
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Fig.10. Scatter plot for observed and modelled value of NWP for higher D,
Actual NWP vs Predicted NWP for lower Relative depth for different
converging length
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Fig.11. Scatter plot for observed and modelled value of NWP for lower D,
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6. CONCLUSIONS

The following conclusions can be derived from the above research presented in this work.

¢ From the experimental results on converging compound channels, the stage discharge of different sections of the
converging compound channels is measured.

e The water surface profile along a non-prismatic compound channel are found to increase with increase of
Relative depth for converging compound channels of different converging angles and decreases along the
converging lengths of the channel under sub-critical flow conditions.

e The dependency of Non prismatic water surface profile is influenced by non-dimensional geometric and
hydraulic parameters. The NWP in converging compound channel is found to be a non-linear function of all
these non-dimensional parameters.

e The present mathematical model for a converging compound channel showing the dependency of NWP with
relative distance for different flow depths are presented and modelled. The equations are found to provide good
results when compared with the observed NWP.
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ABSTRACT

The current paper investigated the efficacy of consonant duration modification or consonant time- expansion on speech
intelligibility for the impaired listeners. This work is an extension of author’s previous papers and projects a comprehensive
summary of the same along with the correlation of results with the current work. This paper highlights the importance of the
lengthening an important acoustic attribute of clear speech - ‘consonant-Duration’. A case for synthetic clear speech in the
context of hearing impairment was argued for speech intelligibility. Consonant recognition in noise free and noisy situations
using the non-sense syllable test (NST) was investigated upon (i) Hearing Impaired subjects, and (ii) Normal hearing subjects
under simulated hearing impairment. Stops and Fricative consonants of English language with cardinal vowels were processed
for time expansion. Non-uniform algorithm for waveform expansion involving selection and expansion of acoustic features was
adopted. The Burst Duration, Voice Onset Time, Formant Transition Duration for Stops; and Fricative Noise Duration and
Formant Transition Duration for Fricatives, were time-expanded by 50 - 100% of original duration. The speech perception
in noise tests were quantified in terms of relative information transmission measures. The results reported that among the
various segments selected for modifications, only Burst Duration of Stop-vowels has positive benefit on speech intelligibility
improvement for the hearing impaired subject while the rest of them lead to perceptual errors.

Keywords- Burst Duration, Hearing impaired, Clear speech, Consonant Duration, Speech Intelligibility

1. INTRODUCTION

Good hearing is essential not only for communication and business, but also for many of the subtle joys that make life
worth living. Persons with hearing impairment are less fortunate, as they often they have the greatest difficulty
understanding speech in noisy environments. Sensorineural hearing losses (SNHL) are due to reduced sensitivity of the
neural receptor that distorts the perception of sounds. The listeners with SNHL may suffer increased susceptibility to
forward masking, making it more likely the vowels will mask energy in weaker adjacent consonants. SNHL are not
amenable to medical intervention and patients need to use the hearing-aids for speech perception.

When confronted with difficult environments or when speaking to hearing-impaired person, humans instinctively
change the way they speak and adopt a speaking style called clear speech. The acoustic analysis show that naturally
produced clear speech typically involves a wide range of acoustic & articulatory adjustments referred as special
attributes [1-3] such as decrease in speaking rate (longer segments), wider dynamic range, greater sound-pressure
levels, more salient stop releases, greater rms intensity of non-silent portions (release burst, frication, and/or aspiration)
of obstruent consonants.

Studies involving the difference between ‘clear’ and ‘conversational’ speech suggest that it may prove beneficial to
attend to the temporal characteristics of speech for the benefit of SNHL hearing-impaired listeners. The clear speech
modifications are aimed at providing the listener with more salient acoustic cues in the speech signal that may enhance
their ability to access and comprehend the message. In this direction, the present paper focused on speech intelligibility
enhancement based on Consonant Duration modifications (CDM).

2. EXPERIMENTATION

2.1 Speech Material

People suffering from hearing loss are often said to have greatest difficulty in identifying short speech sounds such as
Stops and Fricative consonants. Hence nonsense syllables involving Stop consonants - /p, t, k, b, d, g/, and the Fricative
consonants - /f, 0, s, v, d, z/, with the accompanying cardinal vowels /a, €, o/ and /a, i, u/ respectively were used as
target stimuli.

The baseline stimuli were categorized as Stop-Vowel or /SV/ set and Fricative-Vowel or /FV/ set, with 18 syllables
each grouped into two sub-sets, Voiceless sub-set and Voiced subset. The stimuli sets in /SV/ context were (i)
Voiceless sub-set: /pa, p €, po, ta, t ¢, to, ka, k €, ko/ / (ii) Voiced sub-set: /ba, b e, bo, da, d ¢, do, ga, g €, go/ .
Further in /FV/ context were , (i) Voiceless sub-set: / fa, fi, fu, 0a, 01, Bu, sa, si, su/and (ii) Voiced sub-set: /va, vi, vu,
da, di, du, za, zi, zul.
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Stops are produced by first forming a complete closure in the vocal tract via a constriction at the place of constriction,
during which there is a either silence or a low-frequency hum called ‘voice bar’. The vocal tract is then opened
suddenly releasing the pressure built up behind the constriction; this is characterized acoustically by a transient and /or
a short duration noise Burst [4]. The period between the release of the stop and the beginning of voicing in the vowel is
called the Voice Onset Time - VOT. During this period there is a silence and/or aspiration noise. The time interval
between the onset of the following vowel and the instance when a formant frequency reaches its steady-state value is
called the Formant Transition Duration- FTD. These temporal segments are visualized in the spectrograms shown in
Figure 1.

Fricatives are produced when the turbulent air-flow occurs at a point of constriction in the vocal tract. Fricative
consonants are characterized by a turbulent Noise, and may consist of the noise alone or may consist of the noise
together with vocal cord vibration. The main acoustic cue that has been reported to affect perception of fricatives
include-Noise Duration-ND, as well as adjacent Formant Transition Duration-FTD. The ND is said to extend from
fricative onset time to offset time. The time interval between the onset of the following vowel and the instance when a
formant frequency reaches its steady state value is called Formant transition.

Fricatives and plosives bursts are both characterized by high frequency random noise, which occurs on the opening of
oral cavity. Plosives are characterized by highly transient cues, release burst very brief; whilst the noise spectrum of a
fricative is quiet a great deal longer and rises to its target amplitude more gradually than a plosive does.
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Figure 1. Spectrogram indicating acoustic segments of Voiced and Unvoiced Stops [5]
2.2 Listeners
The listeners were distinguished as Type 1 and Type 2 based on their hearing thresholds. Type 1 listeners were Hearing
Impaired (HI) listeners whereas Type 2 were Normal Hearing (NH) listeners in simulated hearing impairment. Type 1
Listeners: One female and three male senior citizens in the age group of 58 to 62 yrs with hearing impairment ranging
from moderate to severe loss (45 dB to 85 dB) in both ears, participated in the listening tests (as per PTA tests).
Figure 2 displays the hearing thresholds for different stages of hearing loss. Type 2 Listeners: Two female and two
male subjects with normal hearing with Pure Tone Audiometer (PTA) thresholds within 25dB of the normal hearing
standards participated in the listening tests.
2.3 Speech Signal Processing
The experimentation spans into two phases, in the first phase the speech stimuli were processed for time-expansion
using non-uniform algorithm for wave form expansion involving selection and modification of acoustic features. In the
second phase the developed database was subjected to perception tests leading to the evaluation of speech
intelligibility measures. A detailed explanation is as follows.
In the first phase, the recorded speech syllables were subjected to resynthesis using the procedure of LPC (linear
prediction) analysis-synthesis as provided in PRAAT [7]. PRAAT (also the Dutch word for ‘talk™) is a free,
multiplatform, scientific software program for the analysis of speech in phonetics. Resynthesis leads to synthetic copy
rendering efficient and independent manipulation of the spectral, temporal and intensity characteristics. The LPC
method is based upon the source-filter model; LPC analysis does it by estimating the vocal tract resonances from
a signal’s waveform, removing their effects from the speech signal (inverse filtering) in order to get the source signal
(or residue). After the process of resynthesis, the synthesized tokens (baseline syllables) were normalized to 70 dB IL to
avoid the signal clipping in subsequent processing stages.
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Figure 2. Sensorineural Hearing Thresholds: Hatched portion- Normal speech spectrum , Curve A-Mild to Moderate
HL;B-Severe HL, C-Profound HL;D-Normal Hearing [6]

In the first stage of signal processing, baseline stimuli were temporally processed to generate stimuli sets at different
levels of CD Modifications. The CD manipulations were based on PSOLA (Pitch-Synchronous Overlap and Add)
algorithm using PRAAT. The basic PSOLA algorithm consists of three steps: analysis-modification-synthesis. The
PSOLA analysis-modification-synthesis method belongs to the general class of STFT (Short-Time Fourier Transform)
analysis-synthesis method, where the original pitch is being preserved during the processing [8]. PRAAT scripts were
run for accomplishing all the above processing steps.

For /SV/ set, the acoustic segments for modification were: Burst Duration (BD), Voice Onset Time (VOT), and
Formant Transition Duration (FTD). The release burst was identified as the short segment characterized as a ‘spike’ in
the time domain and a sudden, sharp vertical line in the spectrogram [9]. The segmentation of a burst was performed
visually by examining both the waveform and the spectrogram. VOT was identified as duration from the end of burst to
the beginning of the vowel (the beginning of first waveform period) [10]. It is to be noted that the silence or closure
interval of plosives cannot be defined for isolated CV syllables. The current stage of investigation reported that, the
release burst was longer for voiceless than voiced plosives; VOT durations were longer for velars than alveolar, which
in turn were longer than for labials; formant transitions were longer for voiced than voiceless plosives.

For /FV/ set, the main acoustic cues-Noise Duration (ND) and Formant Transition Duration (FTD) were reported to
affect perception of fricatives [11]. ND is the high frequency noise measured as the difference between the fricative
onset time and fricative offset time. The onset time is the point at which the high frequency energy appeared on the
spectrogram and/or the point at which the number of zero crossings rapidly increased, while the offset time is the
intensity minimum immediately preceding the onset of vowel periodicity, for voiceless fricative the earliest pitch period
exhibiting a change in waveform from that seen throughout the initial frication, zero crossing of the preceding pitch
was designated as fricative offset [12].

The Formant Transition Durations (FTD) were measured by simultaneous consultation of time domain waveform,
spectrogram, linear-predictive coding (LPC) spectra, and Short-Time Fast-Fourier transform (ST-FFT) spectra [8] The
LPC spectrum was constituted for a prediction order of 10 (at least twice as the number of spectral peaks that we want
to detect), analysis window of 12.5 ms and 5 ms step, +6dB/octave filtering above 50 Hz. The three formants were
originally located by examining the LPC spectra, FFT spectra, and spectrogram. The steady-state point of the vowel
was centered at 100 ms after the onset. Formant analysis was performed for the detection of formant transition
duration. After proper settings, formant contour was extracted and the formant values were written to a text file.
Utilizing this data, the duration of the transitions and their onset and offset points were determined, and we then
applied a time warp to all formants over the determined duration of the transition. The acoustic segmentations and
measurements were done using PRAAT software. The temporal waveforms and spectrograms are presented in Figures
3- 5 for /SVI, Figures 6, 7 for /FV/ syllables below. The top panel displays the baseline (original) syllable while the
middle panel 50% time expanded and the bottom panel 100% time expanded waveforms. The length of acoustic
segments for /pa/ syllable was determined experimentally as Burst Duration: 4.5ms, VOT: 9ms, FTD: 30ms, hence
time-expansions with 50%/ 100% (compared to original duration) are evident from the figures.
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Figure 3. BDM Paradigm: Temporal waveforms and spectrograms for /pa/ syllable
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Figure 4. VOTM Paradigm: Temporal waveforms and spectrograms for /pa/ syllable
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Figure 5. FTDM Paradigm: Temporal waveforms and spectrograms for /pa/ syllable
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