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Abstract 

The texture of the surface of a component is known as its surface roughness, often 

shortened to roughness. The quantification of the surface roughness is done by 

calculating the deviation of in the direction of the normal vector drawn at a particular 

point on the surface from its ideal form. The amount of the roughness is directly 

proportional to the deviation. Another type of measurement of surface roughness is using 

ultrasonic sensor, in which the ultrasonic pulse is sent from the transmitter to the surface 

and then the echo is picked up by the receiver. The time difference in the echo received 

from the different points on the surface is calibrated in terms of surface roughness. In 

this paper the development of this type of system has been designed using an  Arduino 

and a sonar sensor. In Arduino the program is implanted such way that it calculates the 

distance. As distance is directly proportional to the time, the different of time of the echo 

between the consecutive echos are expressed in terms of the roughness of the surface. If 

all value is same then the surface is ‘Plane’ else rough and this calculated by a program 

on a microcontroller and displayed on an LCD screen interface to the microcontroller. 

Measurement of surface roughness with using Arduino UNO and Ultrasonic sensor is 

low cost technology compared to laser technologies. It is very simple to design and easy 

operate with a high accuracy and easily available IC’s are used to make this model. 

 

Keywords: Surface Roughness Comparator (SRC), Surface Profile Measurement (SPF), 

Non-Conductive type Surface Roughness (NCSR). 

 

1. Introduction 

 

Roughness is a geometric characteristic of a surface caused by small variations in 

surface depth. As ultrasonic sensing in air is a range-area sensor it should be suitable for 

measuring surface roughness. All smooth surfaces possess some degree of roughness, 

even if only at the atomic level. For man-made surfaces, this roughness arises from the 

manufacturing process which may involve chemical deposition, grinding, polishing, 

etching or several other commonly used techniques. Correct function of the fabricated 
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A metal waveguide of finite width and thickness surrounded by a dielectric provides increased propagation length
of the surface plasmon polariton and is therefore called long-range surface plasmon polaritons (LR-SPP). In this
work, a new structure is proposed by modifying the refractive index of the dielectric surrounding the metal wave-
guide, leading to further improvement of the propagation length. It is shown that, when the single dielectric
surrounding is replaced by a multilayered surrounding where each layer has different thicknesses and refractive
index, the propagation loss gets reduced, leading to increased propagation length of the LR-SPP. The propagation
loss is calculated semianalytically from the FWHM of the Lorentzian peak obtained in the plot of excitation
efficiency of such waveguide for different values of the propagation constant. Before doing this calculation,
the 2D variation of refractive index is first converted into a 1D effective refractive index. All the steps of analysis
are discussed in detail, and, wherever necessary, the calculated results are matched with similar results of other
researchers. © 2016 Optical Society of America

OCIS codes: (240.6680) Surface plasmons; (230.7370) Waveguides; (130.3120) Integrated optics devices; (130.2790) Guided

waves; (250.5403) Plasmonics.

http://dx.doi.org/10.1364/AO.55.001765

1. INTRODUCTION

In recent years, studies on surface plasmon polaritons (SPP) have
gained tremendous attention due to their remarkable capability
to manipulate light at subwavelength scales. Thus, they are find-
ing numerous applications in biological imaging, biochemical
sensing, wideband optical communication, compact on-chip
device integration [1–6], etc. SPPs are collective oscillations of
the metal’s free electrons at the metal-dielectric interface and can
couple to the electromagnetic field in the medium outside the
metal, like a dielectric. Thus, a light wave that excites SPPs be-
comes bound to the metal surface and can then be guided by it.
Due of the finite penetration of light into metal, SPPs are con-
fined in a nanometer scale leading to subwavelength confine-
ment of light, thus breaking the diffraction limit. However,
metals show strong absorption of electromagnetic radiation in
the visible and infrared spectrum. Due to this damping, there
is the strong attenuation of the wave that is guided and thus
exhibits large propagation loss. This loss can be significantly re-
duced by replacing a metal-dielectric interface by a metal wave-
guide of finite width and thickness bounded by a symmetrical
dielectric. With the reduction in the metal’s cross section in a

symmetric structure, the effective index of the fundamental
symmetric mode of the structure will decrease with its mode
fields increasingly expelled from the metal film and penetrating
more deeply into the cladding dielectric. The SPP will now be
called long-range SPP (LRSPP) [7–9] and will have an increased
propagation length. The asymmetric mode will, however, be
confined in the metal and suffer high propagation loss. For an
asymmetric structure, the LRSPP are bounded for thicknesses
above a cut-off value. Symmetric structures are, therefore, more
convenient for working with LRSPP.

In this work, a modification of the conventional LR-SPP
waveguide structure is proposed that will enable an increase in
propagation length of this type of waveguide. A dramatic reduc-
tion of the propagation loss occurs in this structure due to
modification of a part of the modal profile of the SPP where
the optical power inside the metal is significantly reduced. The
entire analysis is done semianalytically by first determining the
mode effective refractive index from the dispersion relation for
the tangential components of the confined electromagnetic
wave; then, we study the characteristics of the Lorentzian peak
of the excitation efficiency versus propagation constant using

Research Article Vol. 55, No. 7 / March 1 2016 / Applied Optics 1765

1559-128X/16/071765-07$15/0$15.00 © 2016 Optical Society of America

mailto:srirajib@yahoo.com
mailto:srirajib@yahoo.com
http://dx.doi.org/10.1364/AO.55.001765


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tmop20

Journal of Modern Optics

ISSN: 0950-0340 (Print) 1362-3044 (Online) Journal homepage: https://www.tandfonline.com/loi/tmop20

Segmented multimode to dual port slot couplers
as compact optical sensors with improved
sensitivity

Saikat Majumder, Bapita Roy & Rajib Chakraborty

To cite this article: Saikat Majumder, Bapita Roy & Rajib Chakraborty (2019) Segmented
multimode to dual port slot couplers as compact optical sensors with improved sensitivity, Journal
of Modern Optics, 66:6, 590-598, DOI: 10.1080/09500340.2018.1559370

To link to this article:  https://doi.org/10.1080/09500340.2018.1559370

Published online: 21 Dec 2018.

Submit your article to this journal 

Article views: 9

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=tmop20
https://www.tandfonline.com/loi/tmop20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/09500340.2018.1559370
https://doi.org/10.1080/09500340.2018.1559370
https://www.tandfonline.com/action/authorSubmission?journalCode=tmop20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tmop20&show=instructions
http://crossmark.crossref.org/dialog/?doi=10.1080/09500340.2018.1559370&domain=pdf&date_stamp=2018-12-21
http://crossmark.crossref.org/dialog/?doi=10.1080/09500340.2018.1559370&domain=pdf&date_stamp=2018-12-21


549 Adhish Kr. Chakrabarty

International Journal of Electronics, Electrical and Computational System
IJEECS

ISSN 2348-117X
Volume 6, Issue 11

November 2017

A New Robust Model Reference Adaptive Control for Tray-
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ABSTRACT: a robust model reference adaptive control rule is developed for a tray-type distillation column. The reflux
rate and the boil up rate are used as control inputs. The outputs are purity of the distilled liquid overhead and the bottom
product, which determine the quality of the distillation. The online estimates of the uncertainties associated with system
state and input are used to generate the control signal and obtain state tracking. In this stage, full state measurement is
considered. Asymptotic stability of the plant, when the control signal is used, is achieved by using Lyapunov’s direct
method. Simulation results show the effectiveness of the present method in the presence of different types of uncertainty.

KEYWORDS: distillation column, model reference adaptive control, parameter estimation, parametric uncertainties,
Lyapunov’s method

1. INTRODUCTION: the robust model reference adaptive control (MRAC) remains an active area of
research and finds applications mainly in the areas where the values of the plant parameters are not fully
known process control, aircraft flight control etc. The early robust MRAC schemes [1], [2], [3] incorporated
different modifications to the existing MRAC rules to achieve robustness.

In another method, a robust MRAC scheme was developed for disturbance rejections [4] and in a relatively
new scheme a robust state-feedback MRAC was developed for systems with bounded arbitrary parameter
variations [5], which was an improvement over an earlier method [6] but still was not effective for every
situation as shown in the present work.

A common approach to develop robust MRAC rules is to combine robust control laws with MRAC schemes
to make actual plant output track model plant output [7], [8]. Different new schemes using variable structure-
MRAC method are regularly presented [9], [10], [11], [12].

Robust MRAC schemes for discrete-time plants [13] and nonlinear plants have also been developed using
different approaches [14], [15], [16].

However, over the years as more and more new robust MRAC schemes were presented, the complexity of
these schemes generally increased. The practical utility of these complex schemes has been questioned [17].
Prior to this, some attempts were made to develop an MRAC for MIMO systems based on Lyapunov’s theory
and having the completeness and simplicity of its SISO counterpart [18], [19] but these methods are
applicable only for the systems with multiplicative uncertainties whereas in the majority of the other works
additive uncertainties were considered.

However, in many cases some assumptions are to be made about the uncertainty and some conditions are
imposed on the plant for achieving success with the control laws.

The main objective of the present work is to develop a simple and effective robust MRAC that can be
used in general for linear plants with bounded structured uncertainties. This method only requires that the
structured uncertainties be bounded and this is method can be used for any linear multivariable system.

The control signal is based on estimates of the uncertainties and output error equation method is used to
estimate the uncertainties. Lyapunov’s method is used to obtain bounded estimates and therefore, bounded
control signals when the robust MRAC is used.



1© 2017 Journal of the International Clinical Dental Research Organization | Published by Wolters Kluwer - Medknow

Predicting the Dental Implant Stability Based on the Antiresonance 
Phase of a Piezo‑based Impedance Sensor
Paramita Banerjee, Abhijit Chakraborty1, Ratna Ghosh2, Bhaswati Goswami2

Original Research

Background: The stability of dental implants (DIs) in in vivo tests can be 
determined using noninvasive resonance frequency analysis technique. A low‑cost 
piezo‑based sensor has been developed for this purpose which uses a readily 
available two‑terminal piezo element, to which a metal substrate is adhesively 
glued for attaching the implant. Aim: The attainment of implant stability in 
dynamic tests using this sensor must be standardized in terms of the major 
antiresonance (AR) in the impedance phase responses using sensor‑DI assembly. 
This will be used to predetermine the dimensions of the glued metal substrate 
in the sensor design. Materials and Methods: Multiple sensors with varying 
sensor dimensions were developed. Static and dynamic impedance studies were 
performed on these and corresponding sensor‑implant assemblies. Static tests as 
well as in vitro tests with the sensor‑implant assembly dipped in a standardized 
dental plaster mixture were performed in controlled laboratory conditions. 
Results: The probability of acceptance of the hypothesis has been checked using 
binomial distribution with a significance level of 5%. Statistically observed that 
for 95% of the cases where the DI becomes stable in dental plaster, both AR phase 
and AR frequency (ARF) return to their corresponding static values. Furthermore, 
for a piezo element, whose ARF is within 6–6.6 kHz, the sensor yields maximal 
phase when the length of the metallic strip is 2 cm. Conclusions: Experimental 
validation supports both claims. Hence, this work can be extended to in vivo DI 
stability determination and design aspects of the corresponding sensor.

Keywords: Antiresonance frequency, dental implant stability, impedance response
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just dipped into the mixture.[2] This needs to be validated 
for the present modified design of the aforementioned 
sensors, which can then be used with any standard 
two‑stage implant system.

Materials and Methods

The basic element of the sensor is a low‑cost radial 

introduction

M easurement of the stability of some specific types 
of dental implant (DI), when placed inside the 

jaw, can be done reliably using resonance frequency 
analysis (RFA) technique based on voltage magnitude 
responses of a sensor.[1] In this paper, the primary focus 
has been shifted to the measurement of the antiresonance 
frequency (ARF) obtained from the instantaneous sensor 
impedance phase responses. An in vitro study with a 
two‑terminal piezo‑based impedance sensor indicated 
that the value of the frequency corresponding to 
maximum phase, denoted as ARF in this study, finally 
returns to its value at the first instant when the DI was 
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Abstract: The aim of the paper is to propose an electrical equivalent series model
of a piezo based sensor, in terms of its impedance, considering the Thevenin
equivalent looking back impedance from the sensor side. As the sensor consists of
a piezo element attached with a metallic strip, the model should explain the
contribution of the piezo as well as the substrate separately in the overall
impedance response. The model for piezo element consists of three passive
impedance blocks, connected in series whereas there are four blocks in the model
of the sensor. The fourth block here is mainly to represent the additional
characteristics appearing due to the addition of the substrate. The blocks have
their own individual contributions in the overall impedance response, though they
are not totally decoupled. The simulated responses of the piezo as well as the
sensor, using this model has been validated against experimental impedance
responses. The model proposed in this study can be used to simulate the
impedance phase responses as well as the impedance magnitude responses of
the piezo and the sensor.
Keywords: Impedance response; piezo element; sensor; impedance model.

1 INTRODUCTION
The sensor used in the present study is a piezo
based sensor where a piezo element is glued with
an aluminium substrate of appropriate shape and
size. Several researchers have used similar sensors
for different applications as given in [1, 2]. There
are some existing models of such sensors also. An
electrical passive element model of the unloaded
piezo was proposed by Sherrit et. al. [3] as a
modification of the well known Vandyke model.
The modelling was done to represent the sensor
dynamics near the resonance frequency considering

the thickness mode of vibration. Guan and Liao [4]
reported another electrical equivalent model for the
unloaded piezo considering only passive elements.
In this model, a series combination of a resistance
(R), an inductance (L) and a capacitance (C) has
been used to represent a system resonance, and the
same series combination has been used several
times in parallel to represent the multiple modes of
vibration. Kim et. al. [5] proposed a parallel R, L
and C for resonance and this combination is
repeated to consider the interaction of piezo and the
structure to which it is attached. Reza Moheimani
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ABSTRACT 

 

In 2020, a virus named Sars Cov-2 or the Novel Corona Virus originated from a wet market in Wuhan, China and 

spread all across the globe in a couple of months. The World Health Organization and Centers for Disease Control 

and Prevention recognized it as a pandemic and sent the whole world in quarantine. Which changed the world’s 

economic, biological, supply chain, trade relationship dynamics completely? While, the scientists, medical experts, 

biologist, pharmaceutical companies all over the world are racing to develop a vaccine. CDC and WHO released 

some guidelines to protect individuals against the virus, to contain the spread. Keeping all the vital guidelines in 

mind we have developed a device that obeys the guidelines and counters the spread of the infection. The device is 

designed with existing resources and formulating a new technology. 

 

I. INTRODUCTION 

 

With technology and knowledge based ideas a new device is designed that will fill the gap and solve one of the highest 
priority problem active presently. The devices “Automated Hand Sanitizer Dispenser” is designed by interfacing some 

sensors, pumps and some more electronic components. It can potentially dispense sanitizer effective enough to kill the 

microbes, dispense water for washing off the hands and blow dry the hands without even requiring the need of contact. It 

also displays informative messages to inform the user and alarm when required. Since, saving energy is another vital 

aspect in today’s world the device is designed to conserve energy and is programmed to work as efficient as possible. 

This paper gives a layman perspective of the device without diving deep into the internal circuitry or coding used in the 

device. 

 

II. OPERATING PRINCIPLE 

 

There are three different units in this prototype: - the sanitizer dispenses unit, water dispensing unit and a drying unit. 
Each of the different requires no contact to operate in other words fully automated. Each of the units are fitted with a 

proximity sensor that can detect the presence of a human body and correspondingly perform the assigned tasks. There is a 

display panel fitted to display informative instructions that directs the user to properly use the device and a buzzer to 

alarm the user. 

 

Since, conservation of energy is one of the most important aspects. There are certain sensors integrated in the device to 

monitor factors like consumption of power and overheating of the device and recalibrate the device accordingly. 

 

The Soap Water/Sanitizing Dispensing Unit:-  

This housing of this unit is fitted with a proximity sensor that can detect the presence of a human body at a close 

proximity. On detecting the presence of a human body the device pumps in sanitizer or soap water from a reservoir and 

directly dispense it into the user’s hands. After the sanitizer is dispensed instructions are flashed into the display shaft and 
a timer starts decrementing from twenty “RUB YOUR HAND TILL THE TIMER REACHES ZERO AND YOU HEAR 

THE BEEP” after twenty seconds when the timer finally reaches zero a new instruction “RINSE OFF YOUR HAND 

FROM THE WATER UNIT” is displayed on the shaft and a buzzer beeps thrice to alarm the user.  

 

The Water Dispensing Unit:- 

As mentioned in the above section regarding the proximity reaction mechanism, this unit works the similar way. 

However, this unit is simpler. Whenever the user brings his/her at a close proximity to the nozzle, water is pumped and 

directly dispensed directly into the user’s hands for rinsing off. The buzzer beeps thrice to alarm the user.  
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