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Preface

This book, Advances in Memristor Circuits and Bioinspired Systems, is a collection of research works presented at Nazarbayev Univer-
sity in pursuit of excellence in two distinct areas of systems applications by observing biological systems and emerging technology
of memristors circuits. In particular, the book features the collection of papers presented at Workshop on Bioinspired Sensors, Circuits,
Systems and Applications, and Integrated circuits and programming conference (ICP 2015), that took place on 23-25 February, 2015, and
16 April, 2015 respectively.

A wide spectrum of interesting research ideas is presented in this book as short papers, full length papers and review papers. All
the contributing papers have undergone several rounds of review and the overall acceptance rate of the papers is 25%. It presents
a mix of theory and practice that is fundamentally inclined towards realistic applications. This will be useful for researchers and
students with interest to technologies related to biosensors, memristors, image processing and computational modelling.

It is also imperative to note that the works presented in this book is largely as a result of undergraduate research work undergone
during normal taught coursework hours. This book is a mandate of proof that research ideas can originate from taught courses
and can encourage young researchers to practise theory and turn that into realistic application. I hope that the materials presented
in the book will be useful to researchers and community at large.

“Great minds think differently. And every mind is differently great.”

Alex Pappachen James
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Electromagnetic Detection Techniques for Bio-Sensing Applications
Grant A. Ellis

Workshop on Bioinspired Sensors, Circuits, Systems and Applications, February 23-25,
2015, Nazarbayev University, Astana Kazakhstan

Abstract: There is increasing interest in placing medical implants or biosensors inside human
tissue for monitoring bio-functions. This requires that power and communications be provided
wirelessly to interrogate the buried sensors thereby reducing the need for surgery and for the
ability to tele-monitor patients. Applications include monitoring glucose for diabetes, pH,
temperature, blood pressure, and non-invasive wound healing. Also, electromagnetic waves in
tissue experience high attenuation at high frequencies (e.g. > 5 dB / cm at 3 GHz) restricting
data rates and resulting in the need for low-power RF bio-sensors.

During this presentation, electromagnetic complex dielectric measurement of human tissue
using an open ended coaxial (capacitive) probe and calibration including the tradeoff between
probe resolution and sensitivity are discussed. An oscillator control circuit is identified as a
potential candidate for use in discriminating between wet and dry skin tissue. An RF
transponder circuit topology utilizing an op-amp for the control circuit implemented using
commercially available low-power, low-profile CMOS device and SMT-based technology is also
described.

Two techniques are described for communicating and providing wireless power to buried bio-
sensors. Proximity coupling is shown to provide low loss broadband coupling for sensors that
may be shallowly buried. Focused near-field adaptive phased arrays have previously been
used to kill deep cancerous tumors wherein the array focus is located at the tumor target and
nulls are placed around healthy tissue to reduce side effects such as burning. Adaptive
techniques have usually been required since there is variation in tissue parameters between
patients such as tissue density and blood flow. Adaptive phased array technology could also be
applied to interrogate deeply buried biosensors.

Potential research topics are identified including:

1. Application specific in vivo wireless monitoring of bio-medical functions using RF circuits
and variable capacitance based sensors e.g. MEMs for glucose monitoring.

2. Design and analysis of near-field phased array antennas in lossy (dispersive) tissue
including:
(i) non-uniform plane wave propagation (o, B, o - # 1not parallel), and

(i) tuning circuits for compensating for active scan impedance variation (mismatch
loss) vs. scan angle 6.

3. Silver nanoparticles are now commercially available and seeing many therapeutic
applications including use in wound dressings. Analytical models of electromagentic
mixing properties of silver nano particles of various particle size distribution (~20 - 100
nm) also in human tissue.

Advances in Memrristor Circuits and Bioinspired Systems

Edited by Alex Pappachen James

Copyright (© 2015 SCASA & ICP 2015 Organisers :: Published by Research Publishing

ISBN: 978-981-09-4424-7 :: doi:10.3850/978-981-09-4424-7 workshop1 1



Background Subtraction based Application: City

Decorative Plantings’ Preservation
Short Paper

Aidar Zhetessov

Electrical and Electronic Engineering department
Nazarbayev University
Astana, Kazakhstan
aidar.zhetessov@nu.edu.kz

Abstract— Thousands of people visit public parks every
day during summer resulting in trampled grass lawns and
flower plantings and it is very important issue because
these plantings act as city decorations and air cleaners.
Our approach to this problem is to install surveillance
cameras above plantings to be protected. Cameras will
send real-time video captures to the monitoring center,
where program will use background subtraction technique
to determine whether someone stepped on planting.
Experiment results show that program works properly: it
detects violation, records a video and extracts useful
information. Some of problems faced during tests are false
positives from shadows and lack of illumination during
night. The fact that shadows outdoors are darker and
bluer than their surroundings is used to eliminate false
positives, while low illumination can be dealt with either
by street lights or additional IR cameras utilizing same
principle in infrared spectrum region. Approach can be
used in private property security service.

Keywords—planting; camera; violation; background
subtraction; video capture; extracted information

1. INTRODUCTION

Nowadays decorative plantings have become integral part
of any public park, showplace and city streets in general.
Acting as city adornments and air cleaners, decorative
plantings are very important. Therefore, it is necessary to
protect them from human impact. This becomes even more
important in case of densely populated cities as well as cities
of international importance like capitals and touristic centers.
A good example of such a touristic center is a Taj Mahal
palace in Agra, India. Surrounded by walls, the touristic area
comprises several palaces including Taj Mahal as well as
many decorative plantings and fountains. It is very hard to
preserve this large area clean due to its size and vast number
of tourists visiting it every day. Another possible
implementation place is Astana city’s central park, where we
can see many unintended footpaths on grass.

Many people either do not consider this problem
significant or have other solution approaches; therefore, our

Advances in Memiristor Circuits and Bioinspired Systems
Edited by Alex Pappachen James

Dauren Tlekov

Electrical and Electronic Engineering department
Nazarbayev University
Astana, Kazakhstan
dauren.tlekov@nu.edu.kz

main contribution to this work is a proposal of new application
area for surveillance methods. Another rather technical
contribution suggests using rougher but faster human
detection method.

Overall, the goal of this work is to develop a “decorative
planting protector” algorithm using Open CV computer
library.

II. METHODOLOGY

In this section we will explain our solution approach to the
problem of plantings. First of all, camera is installed on
suitable position. Suitable position is the one, from which a
boundary between planting and non-planting as well as some
region within the planting are clearly seen. Then we apply
background subtraction technique to each frame of the
ongoing live capture to differentiate between background
(stationary) and foreground (moving) objects. Frame threshold
as well as other processing techniques is used afterwards to
obtain foreground mask. Foreground mask is a processed form
of the frame in which foreground and background objects are
shown as white and black pixels respectively. Next we draw
the region of interest within the foreground mask to
incorporate the planting inside it. The number of white pixels
inside mentioned interest region is counted and if it is greater
than a predefined threshold value, algorithm will consider
violation occurred. Indeed, great number of white pixels inside
interest region means that there are foreground objects on
planting, which is obviously a violation. On the other hand,
small white pixel fluctuations, which can occur due to
flowers’ movement under wind or illumination changes,
should not be considered as violation. Finally, the condition
above triggers live video recording and extraction of some
useful information to be applied later as a proof of violation.
The flowchart visualizes our algorithm, while subsections
below will describe the procedure in more detail.

Copyright (© 2015 SCASA & ICP 2015 Organisers :: Published by Research Publishing
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Background
Sublraction

Video Record

Fig. 1. Single frame process

A. Adaptive background estimation

In this project frame foreground mask was obtained using
Mixture of Gaussian 2 (MOG2) background subtraction
technique. This choice is justified by several reasons. The first
one is that the method estimates several running averages,
each one according to the formula:

He= (1= )ue; + ap, ()

Here u,; is a current mean pixel value, g, is an updated mean
pixel value, p, is current pixel value and a is a learning rate
[1]. This allows determining background accurately even if
pixel value fluctuates. Second, the method also estimates
several variances, which can be used to find the probability of
particular pixel value to be part of background. Obtained
information is useful for selecting appropriate threshold value
for differentiating between foreground and background [1].
Third, the method is trained to accept foreground object as
part of background in case of its inactivity and vice versa [1].
Finally, technique deals with shadows and works fast enough
to be implemented in real time applications [2].

B. Region of Interest (ROI) definition

To define the ROI we draw a rectangle containing the
planting within the foreground mask. Plantings can be various
in shapes but for simplicity we observed a rectangular
planting, which can be easily incorporated into rectangle.
Another assumption was about camera position. We assumed
that unclosed boundary divides frame view into two regions —
planting and non-planting, meaning that camera does not
observe whole planting at once. If it was able to get the whole
planting into one frame, boundary would definitely be closed.
For better understanding refer to Fig. 2-4.

C. Violation condition

We define two conditions for violation occurrence. The
first one states that the number of white (moving) pixels in
interest region of the foreground mask should be greater than
some cutoff value. It helps to distinguish between significant
movements (violations) and insignificant oscillations (flower
motion). Second one is initial condition. It states that the first
frame does not contain violation. Indeed, when capture is
started, first frame’s foreground is always white and therefore
can be incorrectly treated as violation. This problem does not
occur in subsequent frames as algorithm has already learned
the first background from the first frame.

D. Useful information extraction

To capture the violation algorithm triggers video recording
as soon as conditions above are satisfied. All frames satisfying
those conditions are recorded into one video file. If in
previous frame no violation took place, while in current frame
it happened, meaning that current frame is the first one
recording new violation, algorithm returns useful information
about violation number, current live capture frame number
and recording frame number. These returned data can be used
to determine number of violations, occurrence time of each
violation and its respective frames in recorded video.

Other useful information to extract is presence of people
during violation. Indeed, we do not want to bother ourselves
with every bird, dog or wind blow. On the other hand, we do
not want to make our application slow because of precise but
bulky human detection techniques such as cascade classifier
and HOG descriptor [3]. In fact, both these techniques were
tested in real time application and did not give satisfactory
computation speed. To deal with this problem we define own
classifier, which is not as precise but nevertheless good
enough to distinguish between human and cat, for example.

Firstly we define new rectangular region within foreground
mask called region of detection (ROD). ROD is slightly
greater than ROI, so ROD includes ROI. ROD’s dimensions
are picked up such that exactly one person can fit in the gap
between ROD and ROI (Fig. 6). ROD can be thought of as
neighborhood of ROI, so when violation occurs, algorithm
draws contours of all the foreground objects in the ROD and
encloses them into red rectangle in case they satisfy the
constraints. Constraints are introduced to distinguish human
and include expected area and dimensions’ ratio. All the
objects with area greater than some value and aspect ratio in
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the neighborhood of 3 (that is approximation for human
height/width) are treated as humans and therefore warning
about human presence is returned. In recorded video they are
also enclosed into red rectangle. Although this method is very
rough, it is quite sufficient in our case because we need
qualitative rather than quantitative analysis. Moreover, it does
not slow down program’s performance.

III. RESULTS

This section is about obtained results. Since plantings
outdoors have not bloomed yet, trials were conducted inside
Nazarbayev University atrium. Several videos were recorded
on IPad’s camera, which sent captured frames to computer
through Wi-Fi connection. Overall performance was quite
good as the program always correctly responded to violation.
Example frames are represented below.

Fig. 2. Background overview

Fig. 3. Region of Interest

Fig. 4. Region of Detection

Fig. 5. No violation and violation frame samples

Fig. 6. ROD foreground in case of non-violation and violation

A significant movement # 1. Frame # in live capture: 535
Frame # in recoreded violation video: 1
Human participated violation

Fig. 7. Returned useful information

Here Fig. 2 shows background view of one of the scenes.
Planting — non-planting boundary here is unclosed and clearly
seen. Moreover, it precisely cuts out planting’s rectangular
region — region of interest, which can be observed in Fig. 3.
Region of detection shown in Fig. 4 has its height greater than
that of ROI by the value of human height. This can be seen in
Fig. 6, which depicts ROD’s foreground mask in two cases.
Actual frame samples are shown in Fig. 5. People in right
picture were enclosed in rectangles because they were in ROD
during violation. People on left picture were not enclosed even
if they were in ROD because at that time no violation occurred.
Note that only right frame will be recorded, since it’s the one
with captured violation. Fig. 7 depicts returned useful
information including violation serial number as well as
respective frame in live capture and recorded violation video.
These can be used to find out violation occurrence time and
total number of violations within given time interval. Also one
can check whether people participated to particular violation or
not.

IV. DATA ANALYSIS

Here we interpret the results, discuss their meaning and
importance, relate them to similar works and provide insight
into future improvements. Frames in Fig. 5-6 obtained from
one of the trials suggest that algorithm works well in trial
conditions in the way that it does not draw contours of people
walking nearby when there is no violation even if they are in
detection region. Also we see that algorithm does not draw
small rectangles associated with planting movements under
walking human even if its contours are determined (right
picture in Fig. 6). Moreover, proper usage of threshold and
advantage of selected background subtraction method resulted
in algorithm indifference to shadows. However, sometimes it
has problems with permanent enclosing a person into
rectangle during violation and splitting large bounding box
into right number of rectangles. Bari“cevi’c D. and Delibaltov



D. have encountered similar problems in their project. Their
proposed solution to the first problem was to add tracking
algorithm, which is thoroughly explained in their paper. To
solve the second problem they suggested counting white
pixels column-wise and applying threshold to resulting
foreground mask’s histogram. By doing that, they got correct
number of tracking objects in each frame [4]. We can use
these ideas for improvement of our work in future

Returned response in Fig. 7 implies that in general
algorithm returns output accurately. All useful data is
represented in understandable way, but the problem is that
sometimes algorithm considers new frame as part of new
violation while in reality it’s continuation of old one. To deal
with this problem we can introduce another boundary
condition stating that new violation can start only after some
time interval since end of previous violation; otherwise
captured frames are part of that violation.

V. CONCLUSION AND RECOMMENDATIONS

To sum up, this work develops real time surveillance
algorithm for decorative planting’s preservation. Adaptive
background estimation helped adjusting to various lighting
conditions. Inner part of introduced interest region comprised
whole planting. Then violation condition was imposed on that
region. Response, triggered by the condition, includes
estimation of violation’s serial number, its respective frame
number in live capture and recorded video as well as statement
on human presence. Algorithm can be used in private property
surveillance system or as a foundation for further
improvement of similar projects.

Acknowledging weaknesses, algorithm had problems with
permanent human detection and distinguishing between

Engineering.
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separate violations. These can be solved by adding tracking
and column-wise counting separation methods as well as
imposing timing condition as it was explained in data analysis
section.

Also observable plantings were limited by some
assumptions like interest region’s form and boundary nature,
which are dependent to camera position. Revising application
for other plantings would need more elaborated work and our
project can act as starting point for those.

Although algorithm deals with shadows, it is useless in no
light conditions. Therefore, for night surveillance one can use
IR cameras as it was explained by Ju Han and B. Bhanu [5].
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CFD Modeling of Hemolysis in Medical
Devices used in the Treatment of Cardiovascular
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Abstract—Designing blood-wetted devices (i.e., parts of artificial
organs or accessories to interface the blood treatment or
medication process) requires special attention to avoid the
generation of trauma to blood cells, either by lack of
biocompatibility or by exposing blood cells to high shear stress
during an extended period of time.

This investigation focused on the prediction of mechanical
hemolysis through stenotic connectors, when blood is modeled as a
non-homogeneous fluid composed by plasma, red blood cells and
platelets. Thus, firstly, a multiphase model is tuned up to capture
the non-uniform distribution of blood cells and secondly, the
damage differential equation, based onGiersiepen’s correlation,
was applied only to the red blood cells, improving the prediction of
hemolysis generation.It is demonstrated that this segregated
multiphase model gives a much closer estimate of blood hemolysis
than obtained values through typical numerical homogeneous
models.

NOMENCLATURE
CCS Comparative Shear Stress
F Force terms (e.g, lift force, virtual mass, and drag)
g Gravity
H Normalized linear index of hemolysis
H, Average hemolysis index
H, Plasma hemoglobin
Heyw Damage fraction
H Cell, mesh, or grid size
I Unit tensor
MIH Modified index of hemolysis
Pk Pressure shared by all phases
RBC Red Blood Cells
Q Flow rate
Ry, Interaction force coefficient between phases
uy Velocity vector of phase k
VAD Ventricular Assist Devices
t Time
H Average value of hemolysis index at domain outlet
ay Volume fraction of phase k
T Boundary of computational domain
Ak Bulk viscosity
Uk Dynamic viscosity
o Density fraction
O Stress tensor of phase k
T Shear stress
0] Diameter

Advances in Memiristor Circuits and Bioinspired Systems
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I. INTRODUCTION

The treatment of cardiovascular disease (CVD) many times
require the use of assist devices, interfaces, connectors, etc.,
that need to operate in direct contact with the blood stream and
therefore are usually named blood-wetted components or
devices (BWD). However, there are significant challenges to
overcome due to the un-physiological conditions generated
inside these devices, which leadto complications including
alterations of normal blood function taking the form of damage
to erythrocytes (hemolysis), activation of platelets and
leukocytes, as well as thrombosis[1].

The hemolysis is typically caused by the destruction of
membrane integrity of red blood cells (RBC), e.g., pore
formation or rupture and the release of hemoglobin from the
erythrocyte into the plasma. In BWD, mechanical damage
resulting from high shear stress levels and exposure times to
these stress levels are the main cause of hemoglobin release
[2].Correlations were established under the assumption of
experimentally feasible conditions, which implied hemolysis
under steady shear at short time intervals. The most widely
used model was developed in [3] as a power law function for
the damage fraction, Hgy, based on in vitro hemolysis data
[4]in a Couette system in which human RBC suspension was
exposed to defined shear stresses 7, for defined times, t:

Hey = 3.62 x 107 772416¢0785 €))

Power law correlations as Eq. (1) havebeen implemented in
CFD calculations using post processing techniques in
Lagrangian and Eulerian frames of reference, as well as by
solving transport equations for damage fraction ( Hgy). In the
Lagrangianparticle tracking approach, the damage function is
applied theoretically to individual cells within the flow field.
The temporal variation however, raises the question of how to
map the damage criteria obtained by constant-shear
experiments to a cyclical or arbitrary shear history found
typically along the trajectory of a blood cell [5].Reference [6]
shows a recent employment of a fluid-structure-interaction
(FSI) approach to obtain detailed behavior of the flow inside
aortic valve prostheses, resolving all the spatio-temporal scales
by means of Direct Numerical Simulation. They considered
modifications of the power law correlation toassume: (a) an
instantaneous reaction of the RBCs to shear or; (b) an
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equivalent stress associated to the deformation of the RBC in
the flow, based on phenomenological similarity in shape
between droplet and RBC under shear flows. In the first case
the model takes into account the load history previously
sustained by the blood cell predicting higher blood damage than
the second case.

In the spatial non-uniformity addressed by implementation of
an Eulerian approach, the damage index is integrated over all
the cells in the numerical space. For example, a hyperbolic
advection equation to assess a linearized damage function
based on the Giersiepen-Wurzinger blood damage correlation
isthoroughly derived in [7].

In spite of the intense research on blood damage modeling,
there is currently no consensus on suitable models that relate
fluid dynamics information, such as stress and shear rate, to
clinical properties, such as the modified index of hemolysis
(MIH).

II. NUMERICAL MODEL SETUP
An Eulerian multiphase flow model where the plasma is taken
as the continuous phase, while red blood phase and platelets are
taken as the fluid dispersed phases is proposed. The cells
interact strongly with the plasma via interface momentum
transfer, but not cell-to-cell or cell-to-wall interaction is
considered in this first attempt.

A. Computational domain and boundary conditions

Two benchmark connectorsfrom [8] were chosen for this study
taking advantage of the availability of experimental data and
the very subtle differences in their design and marked singular
hemolysis generation in each one of them.

15mm |

ilvun R=05 mm 10 mm
¥ ¥ ‘l- y—
l_-v Fhow | T Connector A et
| = =

o
Connector B

o
% FIOW [remimimemimm s e e i e R m e —memem —e
z —

Il

Fig. 1.Computational domain close up, starting with the full 3-D view of the
stenotic connector.

Fig. 1 illustrates a schematic of the computational domains
showing the connectors with their abrupt inner diameter
reduction from 10 mm to 5 mm, stenosis length of 15 mm and
further expansion back to 10 mm. Connector type (A) has an

Advances in Memiristor Circuits and Bioinspired Systems 7

identical design to type (B), but the leading edge of stenosis
was radiused (R=0.5 mm) as shown in Fig. 1.

The numerical simulations were performed using an Eulerian-
Eulerian multiphase model. The blood is considered as a fluid
that consists of plasma, RBCs and platelets (PLTs). The plasma
is modeled as a continuous fluid with a viscosity of 0.0012 [Pa
s] and a density of 1025 [kg m™]; RBCs and platelets are taken
as a spherical particle-like fluid dispersed with a density of
1100 [kg m’3] and 1040 [kg m’3], respectively. Continuous and
dispersed phases are modeled as isothermal and Newtonian
viscous fluids. A Sauter mean diameter of 6 um for RBCs and
2.0um for PLTs were taken. In this study the viscosity of the
dispersed phases are considered to be constant through the
computational domain, with a value of 0.002 [Pa s].

Initially, the whole tube was full of the mixture of plasma,
RBCs and platelets with uniform volume fractions of 58%,
40% and 2%, respectively. The inlet velocity profile was
assumed to be fully developedand zero-pressure boundary
condition at the exit of the domain. A non-slip condition was
assumed at the walls.

B. Computational methodology
The numerical simulations of the 3D, steady, laminar, multi-
phase flow in the computational domain was performed using
ANSYS-CFX ® v12. The numerical model here proposed is
based on the Eulerian-Eulerian approach where no energy
equation was considered, therefore the mass conservation and
volume fraction(Eqns. 2-3), momentum (Eq. 4), turbulence and
damage (Eqns. 6-8) were the governing equations for the
model:
oa
2PV, (i) = 0 @

Phase volume fractions must accomplish that:

iak= 1 3)

k=1

Momentum equation:

a
3 (arprug) + V. (@ pruguy)
= —T?-’kVPk + V-0, + arprg

+ szp(“k—“)+ F 4)
P=1
Where:

2
Ok = et (Vg + Vup) + oy (lk - §#k) Vewl %)

As the local Reynolds number in the stenotic nozzle exceeds
3200, turbulence effects were considered by applying the shear
stress transport (SST) model with a low turbulence intensity at
the entrance. This is a hybrid turbulence model which uses the
k—¢ model in the fully turbulent region far from the wall and the
k—w model in the near wall region. The SST turbulence model
has previously proven to be appropriate and enough accurate in
the prediction of fundamental features of turbulent flows
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through small connectors [9] and therefore, will not be
scrutinized in this investigation.

Numerical predictions of the mechanical blood hemolysis were
obtained by applying the methodology proposed [10]. However,
as mentioned before, in this work the hemolysis predictions
were computed over the entire domain through damage
transport equation (Eqns. 6-8), weighted by the RBCs volume
fraction to enforce damage prediction only where RBCs are
expected to be located.

a
(Eﬁ-ﬁ-V)HL:ﬁ(l—HL) 6)
where:
9= (362 X 10—7)1/0.785 T2.416/O.785 (7)
H, = HGW1/0.785 8)

To compute the scalar shear stress field, the full stress tensor is
reduced to a single comparative scalar value which has the
following form in terms of the tensor components:

1
Tcss = \}E (tf) + T3, +135) + (tf, + 185 + 733) (C)]

1

Tess = 2 TijTji (10)

Assuming Newtonianfluid, then:

o aui+6uj _ 8ul-S _ s 1
Tess = H dx; \ox; | ox; =Hu ax, ij = M (11)

For turbulent regime an analogy with the case of viscous
stresses is done by replacing the elements from Eqn. 9 by the
appropriate Reynolds stresses and considering the product of
the effective viscosity on shear rate:

Tesst = (u+urp)s = UepfS (12)

Hemolysis results are presented in the form of MIH following
the definition developed in [7]:
MIH = 310° (13)
Where
3 = (H,)°7% (14)

The average hemolysis index H; is computed by integrating
the value of H,over the outflow boundaries of the
computational domain (I';),which would then correspond to in
vitro hemolysis experiments[11]:

1

H,=—| wu-nH.dl, (15)
QJr,

C. Verification of grid independency

A second-order discretizationscheme was used to calculate the

advection terms in the discrete finite volume equations. The

standard calculation is case dependent and takes a CPU time
from 8 to 36 hours on a processor AMD Turion® with
operative systems MS Windows 7, SP2.

In order to corroborate that the solution is independent of the
grid resolution, a study of grid convergence was undertaken.
With this study, the truncation error is reduced and the best
degree of grid resolution is defined. The method consists in
starting with an initial grid and then, make consecutive
refinements to observe the effect of the grid [12]. The chosen
method for discretization error estimation is the Grid
Convergence Index (GCI) based on the Richardson
Extrapolation (RE) method, that involves comparisons between
three different grid sizes [13].

In order to quantify the discretization error, the systematic
procedure recommended by Celik was followed.

Three structured and stepped grids (coarse, medium and fine)
with hexaedricalelements were prepared by using ICEM
(ANSYS, USA); the finite elements mesh carefully modeled
the near-wall region. Table I, gives the number of
computational cells for each one of the meshes generated. The

refinement factors ry;=hcgium/hfincand r3;=hcoarse/Nimedgiumwere 1.3.
TABLE I
MESHES USED IN GRID INDEPENDENCY STUDY

Mesh Elements
Coarse 35,856
Medium 86,144
Fine 231,000

The PLTs volume fraction for three meshes and the
corresponding discretization error estimation in form of errors
bars for the fine grid are shown in Fig. 2. The three grids used
with the GCI method show that the apparent order of accuracy
ranges from 0.14 to 9.66 %.

0.30 T

0.25 +

Fine
0.90 4 ==0== Medium
—4&— Coarse

0.15 +

0.10 + -

0.05 +

Distance from the wall [mm]

0.00 4 B Ly
0.1 0.2 0.3 0.4 0.5

1212V NN § 5% NESSNE o SURSDLSSIN B |

Fig. 2.Platelets concentration in a section of the tube obtained for three different
meshes; with discre-tization error bars at the fine grid for connector A.

D. Validation of multiphase segregation model



The validation of the multiphase segregation model was
performed on the goal of reproducing the Fahraeus-Lindqvist
(F-L) phenomenon described in [14] as the forced segregation
of platelets towards the walls when blood flow is established in
small straight conducts.To validate the segregation model, two
different geometries, shown in Fig. 3 where the F-L
phenomenon has been observed were assessed.

\ 90 nm \

(a) Capillary tube [15]

Symmetry

A

(b) Channel passage [16]

Fig.3. Computational domains to test segregation model for: (a) Capillary tube;
(b) Channel passage.

The capillary tube inlet condition was adjusted to obtain a 555
s shear rate, as used in the experiments, which resulted in a
homogeneous velocity of 1.505E-02 m/s. The inlet flow
condition for the channel passage was set to 15 mL/h to equally
match experimental data. Both cases were simulated with the
multiphase model using 40% and 2% volume fraction of RBCs
and PLTs, respectively. The conditions of the disperse phases
(RBC”s and PLTs) were varied assuming solid-solid, liquid-
liquid and liquid-solid spherical particles along a liquid
background (Plasma) to assess also any differences on that
regard. Mesh verification was again performed and results are
presented with a verified mesh.

Fig. 4 depicts the F-L phenomenon computed using the
multiphase model with different configuration of phases for the
capillary tube and with the liquid-liquid disperse configuration
for the channel passage (after observing in the former, that this
was a reasonable best fit model option). In both geometries, the
enhancement of the PLTs concentration towards the wall is
clearly captured and a peak concentration lies in about the same
region where experiments found it. However, none of the two
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simulated geometries could depict the same magnitude in the
PLTs concentration peak, opening space to discuss future
improvements in the model. Nevertheless, capturing the
segregation and peak location observed in the F-L phenomenon
represents an important achievement of the model.

= e

MAX. CONC. Distance MODEL
= Experimental 6.73 3.19 Eckstein
e w0 -= RBCs(Liq)-PTLs(Liq) 1.70 4.79 Lig-Liq
3 o~ RBCs(Liq)-PTLs(Sol) 1.56 4.79 Lig-Sol
= 00 +~ RBCs(Sol)-PTLs(Sol, GKT) 136 Wall___Sol-Sol(GKT)
= — RBCs(Sol)-PTLs(Sol) 171 4.79 Sol-sol
£ 300
3 PLT. Volume Fraction
£ 200 Relative Conc. = ———————————
3 PLT. BulkVolume Fraction
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0.0

Relative Concentration [-]

(a) Capillary tube [15]
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(b) Channel passage [16]

Fig. 4.Computed vs. Experimental F-L effect in: (a) Capillary tube; (b) Channel
passage.

Next section presents the assessment of the hemolysis using the
proposed model, acknowledging the underprediction of
concentration of PLT’s near the walls and in turn, the
overprediction of RBC’s in the same region. This
overprediction of RBC’s concentration in the region where the
larger shear stresses occurs will be considered in the discussion
of results.

1. RESULTS AND DISCUSSIONS
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As stated previosly, the shear stress (1) can be regarded as the
main biomechanical cause of the ocurrence of induced
hemolysis and according to [17]the blood cell damage is
different in laminar and turbulent flow; so, it is important to
establishan accurate wayto calculate T andavoid overestimation
in the calculation of damage.Usually, such blood damage is
predicted as functions of viscous shear stress (for laminar flow)
or Reynolds stress (forturbulent flow), on the basis of in vitro
experiments on blood.

Although, flow along the connectors is turbulent in this
research the dynamic and effective viscosity were both
considered in the calculation of the shear stress to compare the
influence in the hemolysis estimation and for a quantitative
assessment of potentially critical flow regions inside the
domain.Figures 5a and 5b show viscous and turbulent wall
shear stresses, respectively, in a plot representing a section
through the connector on a plane placed in axial position of the
connector A.
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Fig. 5.Distribution of shear stress on an axial plane through connector A: a)
Viscous stresses; b) Turbulent stresses

The computed results show that wall shear stressesobtained at
the inlet and the stenosis area are quite similar in average for
both cases; however, a critical zone inside the nozzle or region
where it is expected the highest damage are different
considering that there is a threshold shear stress, 150 Pa, above
which extensive cell damage is expected [18]. It can be seen
that turbulent stresses are higher than viscous stresses in the
outlet region of the contraction; this means that hemolysis
occurrence is more severe in that area (Fig. 6) and not in the
stenosis which differs from what was intuitively expected,since
the abrupt reduction in diameter at the stenosis entrance were
expected to be the hot spot areaof hemolysis generation inside
the connector.

When only viscous stresses are taken into account almost no
hemolysisoccurs, since stresses barely reach up the critical
value for which the total rupture of the RBCs is considered.
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Fig.6. Damage fraction computed for connector A with: a) Viscous stresses; b)
Turbulent stresses



Advances in Memrristor Circuits and Bioinspired Systems 11

The analysis suggests that Reynolds stress is not adequate as a
predictor of cell loading inthe calculation of the hemolysis in
turbulent regime; indeed the time-average stress acting on fluid
cells should be computed as defined by the Newtonian
constitutive law with the molecular viscosity in Eqn. 11, using
the mean velocity field computed with assumption of the eddy
viscosity. Using the shear stress as resulting from the mean
velocity and the effective viscosity (Eqn. 12) would lead to
overestimation of the damage. On this regard, it is fundamental
to recall the origin of the eddy viscosity, which is a
mathematical term that appears as a fluctuating exchange of
momentum when using Reynolds averaging, and that is
conveniently associated, via Boussinesq’s assumption to the
diffusive component of the momentum equation. Therefore, the
use of the eddy viscosity is merely to produce a closed form to
the Reynolds Averaged Navier-Stokes (RANS) equations and
represents a convective term more than a diffusive one.
Therefore, in this investigation only the molecular viscosity is
used to calculate the CSS.

In order to estimateand classifythe connectors in terms oftotal
damagegeneratedand compared withresults obtained in [8],
theModifiedIndexhemolysis(MIH) is calculated by usingthe
formulation proposed in [10].Thenumerical methodologyused
to estimatethe RBCs damage premised thatthe variationof the
concentration offree hemoglobin into theplasmaper unit timeis
constant, which implies thataddresses the
problemofhemolysisgenerationfrom  amacroscopic ~ view.
Tablesll and III showthe experimental value ofMIHafter
sixhours offlow through theconnector type A and B type and
those obtainednumericallyby modelingblood as amultiphase
fluid, and the comparison of the former with the results
considering a homogeneous model, respectively.

TABLE 11
COMPARISON OF EXPERIMENTS AND HEMOLYSIS PREDICTIONS (MIH) FOR
THE TWO CONNECTORS, USING A MULTIPHASE MODEL

Connector | Umezu et al. Multiphase
Type (1992) [8] model
A 1.32 5.52
B 4.45 19.77

When the damage occurrence is analyzed in both connectors, it
can be observed that the rate of damage is greater in connector
type B, in which the inlet to the stenosis section is not curved.
This implies that the shape of the inlet has a dramatic influence
on hemolysis generation. When Umezu and colleagues
compared the results obtained in both connectors, determined
that this slight change in the internal form of stenosis
contibuted to a 70% reduction in hemolysis. Although,
numerically the multiphase model is still overestimating the
hemolysis generation, it is capturing aproximately the same
rate of change between connector A and B that was measured
experimentally.

TABLEIIIL
COMPARISON OF MIH PREDICTIONS FOR CONNECTOR A, USING
MULTIPHASE AND HOMOGENEOUS MODELS

Homogeneosus Multiphase Umezu et al.
Model model (1992) 8]
37.05 5.52 1.32

It is clearly observed how the segregated multiphase model
accounted much better the RBC damage than the homogeneous
model. The hypothesis of calculating the damage only where
RBC’s should be positioned proved to be effective and led to
better results than traditional homogenous model.Nevertheless,
it must be accounted that the current multiphase model despite
capturing the F-L phenomenon, still has an important
underprediction of the peak concentration of PLT’s close to
walls and therefore an overstimation of RBC’s present in that
region (see Fig. 4). Reducing the gap to refine the prediction of
the F-L effect may reduce even further the estimation of
hemolysis in the connectors getting much closer to
experiments. This surely should be one of the key validation
goals when further improvements will be added to current
multiphase model in this ongoing research.

IV. CONCLUSION

A multiphase numerical methodologyto estimateblood damage
associated to flow through medical devices has been proposed
in order to estimate hemolytic damage.The proposed model
allowsto establish with acceptable accuracythe distribution
ofcells through flow micro-connectorsand appliesthe
damagecorrelation proportionally to the concentration of RBC
in every location. Results showed a marked decrease in the
over-estimation typicallyobtained from homogeneousEulerian-
Eulerianmodels. Nevertheless, further development is needed in
the multiphase model to account for extra phenomena not
considered yet, but preliminary envisioned.
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Control of automobile audiosystem by gestures
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Abstract. Distraction of the driver by automobile audio system
appears to be one of the main causes for accidents. Finding
alternative solution of controlling audio systems may decrease the
risk of crashes and fatalities. Following project describes gesture
control of such systems. The work seems to be effective and cheap
solution for the problem. (Abstract)

Keywords—automobile; gesture recognition; audio system;
distraction; programming.

I. INTRODUCTION (HEADING I)

Nowadays automobiles are the most widespread type
of transport. The statistics show that there are more than 1.2
billion cars around the globe and this number is increasing
gradually [1]. However, automobiles appears to be the most
dangerous vehicles too, since the National Center for Statistics
and Analysis reported that only in America there were about
7000 fatalities on the road in the first quarter of 2014 [2]. One
of the main causes of numerous car crashes is distraction of
the driver by different devices in the vehicle. These can be
mobile telephone, audio system or eating food during the trip
[3]. The following project was aimed to decrease potential
distraction sources by focusing on the audiosystems. It can be
visible that the possibility of controlling the device without the
necessity of looking at it would be significantly helpful in this
case. Hence, using hand gestures for making changes in the
work of the system seems to be the most efficient solution.
Our project seems to play considerable role in decreasing the
road accidents and in saving people’s lives. The followed
research in this area showed that there are similar technologies
existing in the current automobiles, however, most of them are
implemented in the high class cars with an extremely
expensive prices. Therefore, another objective of the work was
to make the whole system as cheap as possible in order to
provide the opportunity of using it to almost every car driver.
This can be achieved by applying light structure, available
components and simple coding. We created a C++ program
involving OpenCV GUI that uses usual camera of 0.3
megapixels to analyze the real time image on the presence of
gestures that were stored earlier.

II. IMPLEMENTING THE IDEA

Our project requires the program to read the hand gestures
and apply appropriate function in accordance with them. For
instance, moving an open hand to right or left sides will
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change the stations or audio tracks, up and down will help to
control the volume while raising a fist will play or stop the
music. These goals were achieved by programming the system
to obtain and analyze the real time video from the camera and
send appropriate commands to the audio system. It is
understandable that to work with the gesture recognition there
is a need to obtain specific binary image of the environment,
where hand will be treated with the white color, while
background with black. It is one of the simplest algorithms to
be implemented in our case.

A. BGR to HSV

In order to do this several possible variants were studied
and analyzed where the most appropriate ones - Background
Subtraction method and conversion of original image to the
one with HSV format (Figure 1) which further is configured to
the binary were chosen to further consideration. The initial
draft of the project used the first method, however, the review
of the work demonstrated that second variant seem to be more
stable for our conditions.

Figure 1. HSV format.

B. HSV to Binary

The conversion of the original BGR format to HSV
one, and applying appropriate configurations to stabilize
image and subtract unnecessary noises leads to the binary
output which is represented in the Figure 2.

Copyright (© 2015 SCASA & ICP 2015 Organisers :: Published by Research Publishing
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Figure 2. Binary representation of the hand.

C. Object Tracking

After that, the program starts analyzing contours of the hand in
order to find geometrical centre. By pointing it and tracking
the point program evaluates the behavior of the hand motion.
We put the borderlines at each edges of the image which are
used to examine if the hand crosses them (Figure 2). For
example, if geometrical centre crosses right borderline, it
means that hand moved to the right side, what in its turn will
cause the audio track to change.

Figure 3. Final representation.

III. RESULTS

The implementation of the project on the personal
computer demonstrated acceptable results. The conversions of
original images were successful and tracking systems also
showed adequate performance. The work required 0.3
megapixel camera and had quite simple programming code
and structure what meets the objectives mentioned in the
introduction part. Project appears to become cheap and stable
tool in the car that decreases the distraction sources for the
driver thereby helping safe driving.

IV. LIMITATIONS

There several limitations to be considered in this project,
despite the overall successful implementation. First of all, the
main problem may be illumination in the car, since the object
recognition requires the use of specific colors in the image.
The possible solution for this problem is to use light indicator
that evaluates lighting in the car. Thereby the program will
adapt to the current illumination and use specific
configurations for each possible case. Another problem is the
possible random movements, which may be considered as
gestures by the program. However, this problem also may be
solved by giving the stable range of values for the speed of the
hand ignoring too fast movements.

V. CONCLUSION

The implementation of this program is believed to increase
the safety driving by decreasing the destruction of the driver.
Moreover, simplicity of the programming and manufacturing
together with cost efficiency (only camera installation is
required, the board computers already exists on the most of the
modern automobiles) make this project even attractive. The
preliminary results showed quite successful behavior of the
project despite some problems to solve for the future
implementation.
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In the modern world, the computer vision became an essential
tool in human interaction with digital systems. The major principle
of this current study is that object with pre-defined color is tracked
through web camera and, thus, resulted trace or trajectory of the
object is displayed on the drawing screen. Visual C++ with
embedded OpenCV libraries is the platform used to create this
project. This project is designed as an interactive application for
user through web camera. However, it can be further developed for
the usage of artist, so that going paperless will be one of the ways to
help the planet and save a few trees.

Keywords—OpenCV, image processing, object recognition,
object tracking, drawing, web cam, paint, Visual C++.

I INTRODUCTION

Recently, OpenCV plays one of the key roles in
image processing implemented in C or C++ applications.
Embedded design helps to have low level, low size and low
price mobile implementation of computer applications. Owing
to OpenCV libraries, it became possible for human to provide
an interaction with the digital world using computer vision.

The goal of this project was to develop an application
that will provide an opportunity of drawing through the web
camera. This idea was established on the basis of Fernando’s
studies related with color based method, which is considered
as the easiest way to detect and segment an object from an
image. An important condition for successful segmentation of
object using color based method is that object and background
should have a significant color difference. In related work,
which was used as a base for this project, the tracking of an
object depended on its color. In particular, the tracking was
performed upon red object. Drawing was achieved by tracking
the path of this object, and simultaneously displaying it
(object) on the separate threshold screen (see Figure 1).

Opportunities that were provided in the related work
that we used were quite limited and consisted of simple
detection and tracking of colored object. Contribution that was
made to this project is connected with addition of several
features improving the interface and abilities of this
application. It was decided to add color palette, using which
user will be able to choose color of the brush and draw
different pictures, also brush thickness change option was
added to the program. In this project, user can save his result
as well as close the program without pushing button on the
keyboard.
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w
Figure 1. The Output of the Related work.

By adding all these features, it was tried to make the
program as an entertaining application containing object
recognition and object tracking processes. Yellow colored
object was used as a computer mouse in order to draw
separate line. “Mouse” has two sides which are be used as
"click" of the comp. mouse. A library of real time vision,
namely OpenCV, is used with ct++ software programming
language. Since we are working with video and image
processing, the opencv_highgui should be included along with
standard cv, cmath and iostream libraries. The program works
in two dimensions, namely in X,y positions

This project is similar to a simple Paint program;
however, the distinguishing feature of it will be the fact that it
will be more entertaining and interactive. Importance of this
project can be evaluated basing on the possible areas of its
implementation. Possible areas of use might be primary
schools (make children’s work in Paint more interesting), or it
can be used as a base for development of an application which
will allow blind to draw using their hands. Also, idea of the
program can be taken as a base for development of new
direction in art of drawing and painting. Furthermore, the
amount of papers used by artists can be reduced and hence this
may result in ecological and economic savings.

II.  METHODOLOGY

A. Object tracking and object recognition

Object recognition is considered to be the first step in
the project implementation. Since the program is focused on
detecting yellow-colored object, the color based segmentation
is accomplished. Indeed, the high efficiency of object
detection is achieved, when the color difference between the
object and background is considerable. Apart from the original
video obtained through web camera, binary video is also

Copyright (© 2015 SCASA & ICP 2015 Organisers :: Published by Research Publishing
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processed, which assigns yellow area as ones and non-yellow
area as zeros by thresholding the yellow color. Consequently,
binary video displays yellow object in white and the rest
background in black. Due to the fact that the primary video is
in 8-bit, unsigned integer, BGR format, this video format is
converted into HSV format. The major reason behind this
decision is the fact HSV color space is reckoned to be the
most favorable color space in image segmentation. In fact,
HSV stands for its three matrices know as Hue, Saturation and
Value. Hue is considered to be the indicator of the color,
whereas Saturation and Value are the qualitative readings of
the mixture of the current color with white and black
respectively. Therefore, Hue value of the yellow color is
specified to range from 20 through 30; and both Saturation
and Value are dependent on the lightening condition of the
environment. In this study, the boundaries of yellow color in
terms of HSV are declared using CvScalar data type [3]. The
next step is defining CvCapture device. This structure includes
information which is required for reading frames from a
camera. The domain of camera is set to zero, which indicates
that any camera can be utilized [2]. Due to the fact that video
is divided into multiple frames in video processing, while-
looping is used to read each frame in sequence. After
obtaining a frame, this frame is transferred into the
thresholded image as discussed before (Figure 2)

=] Threshold

Figure 2. Thresholded Image.

Image processing is prone to a variety of noises,
which is affected by an error of acquiring wrong values of
pixels from the source image. These noises can be handled
using smoothing, which is discovered to be a significant tool
in reducing background noise during image processing. In this

case, Cv_Median smoothing type is decided to be
implemented, which is capable to resist outliers by selecting
the middle points [1].

cvSmooth( frame, frame,CV_MEDIAN,S, 5)

Additionally, mirroring effect can be reached using a
flipping function of evFlip(frame,NULL,1); however, this was
found to be unnecessary, since mirroring effect was already
part of the properties of the current web camera.

The final step is defining the centre coordinates of
the object and drawing a trajectory of the object. The position
of the center of the object is identified by computing the
moments, so that we need to determine the first order spatial
moments around x and y axis and the zeroth order central
moments of the binary image. Therefore, memory was

allocated to the moment structure and thus computations of
contour moments are performed in order to estimate the object
position [2]. On the basis of this structure, two first order
moments and an area of the zeroth order moment are
estimated, so that dividing two first order moments by area
constituted x and y coordinates of the yellow-colored object:

X = 1st order spatial moment around x-axis / Oth order central
moment;

Y = 1st order spatial moment around y-axis / Oth order central
moment.

After determining the magnitude of line connecting
previous point with current point, line is automatically
presented in drawing window. For the ease of understanding
the algorithm of object detection and tracking, the flow chart
was established and represented in Figure 3.

RGB Video

Draw a Line
HSV Video Compute the
I magnitude of the
) trajectory
Yellow Color
Detection T
* Compute the X and Y

Compute the Moments center positions of the
of the object object

Figure 3. The flow chart of object detection and
object tracking algorithm.

B.  Graphical User Interface

There are three screens: threshold, drawing and
video. Threshold is used for object clarity detection; video
screen is the main interactive screen from which input is read
and which represent user key features of the program, and,
finally, drawing screen is the display allowing user’s drawing
to be illustrated on white background.

The Graphical User Interface of this program
includes color panels, thickness of the brush, saver and eraser
of the image. The function is recognized immediately after
holding the object in front of the desired panel and studying
the pixels of the holding object. The interface of the display
was developed using Paint embedded to Windows operating
system. This image interface was afterwards added to the
display as a panel (Figure 4):

e ————————————— -

F igur?4 Gphical User Interface.
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Each box has special coordinates, and by detecting
the position of object and comparing it with each box’s
coordinates, the desired function can be chosen, and the text
saying function chosen appears using cvPutText function [4].
Comparison of the coordinates is done by using if/else
statements. The program decides whether the user has chosen
some function, for example he wants to change brush
thickness, by not only comparing coordinates, but also
counting for how long object coordinates are coincide with the
function boxes’ coordinates with the use of embedded counter.

1. Brush color

The program uses 5 colors. 3 colors: blue, green, red
are used for painting while white and black are used for
threshold image and for clearing the screen. Firstly, we need
to declare these colors in RGB color code using CV_RGB
drawing function.

Color palette shown in the video screen contains, as it
was mentioned before, 3 colors (blue, green, red). Comparison
of the coordinates with the objects’ one can be done in the
following way:

if(posX > 530 && posY > 370) // for blue color
{ lineColor = blue;
cvPutText( frame, "Blue color has been selected.",
cvpoint, &font, blue );}

2. Brush Thickness

Default line thickness is set to be 3 and default color
is green. Brush thickness box is located in particular part of
the video screen as it was mentioned before, so that by
changing the y-position of the object, line thickness can be
chosen again by applying if/else statement. For example:

If (posX < 100 && posY > 140 && posY < 400)
{ThicknessOfLine = 6 - ( posY/60-1); // changing thickness
of the line from 1 to 5 basing on Y position of the object}

3.Erase/clear screen

White color will work as an eraser in this program, in
case user selects eraser, each frame is checked for painting
existence and the colorful line is erased by white color in
drawing screen, the new image is saved automatically using
cvSavelmage function [2].

4.Exit

Exit from the program can be done it two ways: by
keeping our object on exit box in video screen for certain
amount of time so that the program confirms user’s decision to
leave the program or by simply pushing the Esc button on the
keyboard.

III. RESULTS AND FURTHER CONCERNS

At this moment the program is basically finished.
Object recognition system and object tracking are working on

satisfactory level as can be seen from Figure 5. Moreover, in
this phase user can select all desired special options from
provided interface. Image and video processing speed are
working with negligible lagging, which is not very noticeable.
Several conditions should be taken into account in order to
launch the program successfully:

. Maximum distance between web camera and object
cannot extend 2.5m;

. Yellow colored object and background should have a
significant color difference;

. Object with pre-specified color can be used.

Figure 5. The Output Display of the program.

IV. CONCLUSION AND RECOMMENDATIONS

In this study, efficient object detection and object
tracking moving target systems were proposed, so that the
combination of these systems allowed designing a simple
drawing application. This project is argued to be the new path
of human-machine interaction. The examination of distinct
algorithms of image processing led to the comparatively
successful results. The further and better developments will be
on the basis of the current research studies. This program can
be enhanced by applying gesture control and providing more
color pellets and variety of figures such as rectangle, triangle,
circle and etc, so that existing program can be advanced as
paint and notepads controlled by the gesture.
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Abstract—This project will use Open CV face recognition API
module to register attendance of students in class. For this
purpose, a camera stream will be analyzed frame by frame.
During analysis, the faces will be detected and compared with
photos in a face database stored on a computer. If the match is
found, a certain student will be checked as present. This approach
to taking attendance is considerably harder to circumvent than
conventional or electronic attendance based on student IDs
because it requires the presence of a student.

Index Terms—face recognition, education, attendance

I. INTRODUCTION

The topic of this paper stemmed from the problem of
attendance in our university. Often, instead of going to the
lecture, students would ask someone to sweep their ID card
over the card reader for them to create an impression that they
have attended the lecture. This made us think about possible
solutions to this problem. The first idea that came to mind was
to use face recognition as a means of taking attendance.

Although fairly easy for humans, implementation of face
recognition using computers have been a topic of rigorous
research for a long time. The main difficulty was to identify
what features should the computer look for and compare.
One of the first face recognition algorithms was based on
geometric features of the face. It used certain marker points
(ex. position of nose, eyes, ears) to create feature vectors. The
algorithm would measure a distance between feature vectors
of the sample and reference image [1].

Newest face recognition algorithms take a more holistic
approach. The algorithms present in OpenCV are Eigenfaces
method, Fisherfaces method and Local Binary Patterns His-
tograms (LBPH) method [2]. Eigenfaces method treats a facial
image as a point in a high-dimensional image space. To reduce
the number of dimensions, Principal Component Analysis
(PCA) is used. Its aim is to identify axes with maximum
variance, find new orthogonal basis and create a new lower-
dimensional “face space”. The algorithm is not robust to
external disturbances, such as light, and therefore must be used
with caution.

Advances in Memiristor Circuits and Bioinspired Systems
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Fisherfaces method utilizes Linear Discriminant Analysis
(LDA), which unlike PCA takes into account classes. Since
PCA does not consider classes, it may reject components,
which carry discriminative information, by maximizing the
variance. In its turn, LDA maximizes the variance within the
class only and, thus, preserves the discriminative information.

The two methods above require a large amount of images
per person. For example, to achieve a recognition rate of 96%,
these algorithms need 10 different images of the same person
[2]. A LBPH algorithm can perform fairly accurately with a
small number of images per person because, instead of looking
at an image as a high-dimensional vector, it describes only
local features of an object.

The problem that stood before us was to:

1) Find a student photo database for experiment

2) Process the images in the database to feed them to the

face recognition algorithm

3) Determine the face recognition algorithm suitable for

our purposes

4) Implement the program in a user-friendly way

5) Analyse and measure the accuracy of the algorithm in

different exterior conditions (such as lighting)

The novelty of this paper is that face recognition is being
discussed as a means of control of classroom activities. More-
over, the effects of lighting and distance from camera during
face recognition are going to be analysed and discussed. Note
that the assumption is made that the students will come to
the camera one by one and the distance between the camera
and face of the student will be sufficient. The teacher is going
to monitor the correctness of recognition and press button to
register attendance of a student when recognition is successful.

Due to time limitations, the mathematical nature of face
recognition algorithms was not studied rigorously, and the al-
gorithms were merely used with their performances analyzed.

II. METHODOLOGY

First, it was necessary to obtain a database of frontal face
photos. The photos were taken from portal my.nu.edu.kz site

Copyright (© 2015 SCASA & ICP 2015 Organisers :: Published by Research Publishing
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using wget program looping through all 2nd year students.
Then, the photos were cropped to include only the facial
features, scaled to size 200x200 and rotated to be aligned at the
eyes. To achieve this, first, Open CV was used to automatically
determine the positions of eyes on all of the photos. Second,
these positions were used to rotate an image by a certain angle,
so that the line between the eyes would be parallel to the
lower edge of the image. Finally, the images were cropped to
include only the facial features. The rotation and cropping was
performed using Python Imaging Library (PIL). An example
of an image used for facial recognition is shown on Figure 1.

Fig. 1. Example of the cropped image used in face database

Now that the database was ready, it was time to determine
an algorithm that was to be used for face recognition. Our
database had only one image per person and, therefore, if used
with this database, algorithms lake Eigenfaces and Fisherfaces
would not produce a high recognition rate. However, by trial
and error, it was determined that the best algorithm to use was
Fisherface algorithm.

T =
1(x=445, v=245) ~ R:147 G:116 B:60
Fig. 2. Face recognition with ID indicated

The routine of a face recognition software is usually as
follows:

1) Detect the faces on the image

2) Feed faces to the face recognition algorithm

3) Compare the faces with faces in the database

In our software, an additional step is required: to document
the attendance of a student in the class.

To break the problem into pieces, it was decided to start by
implementing a program that would recognize a person sitting
in front of the web camera, place his face into a rectangle and
write his ID number on the top. First, a mechanism to load
photo database into the program was needed to be developed.
For this purpose, we used a CSV file with paths to each image
followed by its identifier (ID number). These images were then
passed to LBPH FaceRecognizer to train it. Again, the main

difficulty was that in database there was only one photo per
person. Then, an algorithm was written that would determine
the position of the face on the web camera feed and crop it
from the background. This algorithm was implemented using
Haar Cascades with CascadeClassifier. In particular, the Haar
Cascade of the frontal face was used. After that, the face from
the web camera was compared with faces from the database
and, if the match was found, the ID number of the student
from the database would be shown. The operation of this
preliminary program is shown on Figure 2. For development
of this program, the tutorial from OpenCV documentation [3]
was extensively used.

Finally, the means of storing attendance of a student was
developed. To store a face in the list, a teacher would need to
press space when the face is recognized.

To summarize, the program performs the following actions
throughout execution:

1) Reads CSV file to get paths of database images and loads
these images and their labels into two vectors. Return
error if this action could not be performed

2) Initializes Face Recognizer algorithm and feed all im-
ages and labels to it. Also, set a threshold number for
recognition, so that the faces that are not present in the
database would be rejected.

3) Initializes Cascade Classifier and load frontal face Haar
Cascade.

4) Connects to the web camera feed.

5) Repeatedly loops through images from web camera feed
and detects all the faces.

6) Crops the faces and resizes them to the size of images
from the face database.

7) Feeds the faces from web camera feed to the Face
Recognizer.

8) Draws a rectangle around the face and projects a re-
sponse of face recognizer over it.

9) Waits for ’space’ key to be pressed to add a student to
the attendance list. When ’escape’ is pressed, exits the
program.

One of the problems, which has appeared during the imple-
mentation of our electronic attendance program, is to create
a database of existing students for a test. Since the purpose
of our project was to develop a face recognition for the
purposes of attendance for our class, it has been decided to
get photos and IDs of all 2nd year Electrical Engineering
students. The procedure for download of all 2nd year students
has been described above. However, it does not demonstrate
how only Electrical Engineering students were sorted out. In
order to sort only Electrical Engineering students, the list with
names taking the same Electrical Engineering class has been
downloaded from the Moodle. After having the list of names
of all 2nd year Electrical Engineering students, the problem
was to assign IDs to these names so that we could search our
database of all 2nd year students and sort Electrical Engineers
out. In order to solve this problem, the list of all people
somehow affiliated with Nazarbayev University Mail has been
downloaded from Gmail. This list included about 4500 people
with names, IDs and positions. Additional script has been
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written to find the names from the list of Electrical Engineering
students with the whole contact list of Nazarbayev University
Mail and to take the corresponding ID. After this, we had a
complete list of 2nd year Electrical Engineering students with
names and IDs and, thus, we now could proceed to formation
of our database. In overall, 66 Electrical Engineering 2nd year
students were sorted out, constituted our database. For this
experiment, several variations of the database have been used
to demonstrate the programs success rate. In other words, we
used different number of items inside the database to test what
is the impact of the size of the database on the success rate.
Initially, five photos have been used with an increment of five
for each test until a complete database of 66 photos for a test
was reached. In addition to the criterion of the size of the
database, another two criteria have been used. One of them
is the luminosity of the face of the subject, and another is
the distance from the face to the capturing camera. In this
experiment, the luminosity is an uncertain factor, which has
been defined by three states:

1) Well-lighted

2) Half-lighted

3) Poorly-lighted
The examples of well-lit, half-lit and poor-lit environments
are shown on Figures 3-5. These states were determined by
relying on human factor only.

Face recognizer

w

1; Confldence = 112!

Fig. 3. Well-lit environment

Fig. 4. Half-lit environment

For the distances, three states have been determined:

1) 20 cm
2) 40 cm
3) 60 cm

Face recognizer

Fig. 5. Poorly-lit environment

For each state of criteria, several tests have been performed
with the database size ranging from 5 photos to 66 photos.
The results can observed in the Results and analysis of data
section.

III. RESULTS AND ANALYSIS OF DATA

TABLE I
RECOGNITION RATE OF THE PROGRAM UNDER DIFFERENT LIGHTING

i . Recognition rate (%)
Database size | T Half-it | Poorly-Tit
5 10 10 6
10 10 10 6
15 10 9 5
20 9 3 5
25 10 9 7
30 9 3 5
35 9 3 5
40 3 6 7
a5 7 7 3
50 7 6 2
55 7 5 3
60 6 3 3
65 6 7

12
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Fig. 6. The relationship between the database size and success rate for
different degrees of luminosity

From Table 1 and Figure 6, it can be seen that with
the decrease of the luminosity, the success rate drops. This
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TABLE 11
RECOGNITION RATE OF THE PROGRAM DEPENDING ON DISTANCE OF THE
FACE FROM CAMERA

. Recognition rate (%)
Database size 20cm | 40 cm | 60 cm
5 9 10 7
10 9 10 8
15 7 8 7
20 7 9 8
25 8 9 8
30 6 10 7
35 7 10 5
40 6 9 6
45 6 8 4
50 7 8 5
55 6 8 3
60 5 8 5
65 5 7 2
12
10
L ] L]
g 3
,g * Y *
% 6 . . L ® 20cm
g * 40cm
g 2 60cm
2
0
0 10 20 30 40 50 60 70
Database size (number of photos)
Fig. 7. The relationship between the database size and success rate for

different distances

means that in order to ensure the maximum capability of this
program, the user has to provide the well-lit environment.

Regarding distances (Table 2 and Figure 7), it can be
said that the optimal distance from face to the capturing
camera is about 40 cm. However, additional tests can be
performed to find more accurate results for distance. Due
to time restrictions, we were not able to conduct tests many
distances.

From both Tables 1 and 2, it can be seen that increasing
database size leads to a rapid reduction in recognition rate.
This implies that the program should be used with caution for
large classes.

IV. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Overall, the face recognition algorithm provided by
OpenCV is suitable for purposes of electronic attendance for
small classes. However, there is still work to be done to
increase the recognition rate for larger classes. A suggestion
can be made to make an algorithm that would learn from its
mistakes: for example if it recognizes a person wrongly, an
operator can write a correct identification number manually to
the computer, and the program would store this web camera
feed as a new face in the face database.

Considering cases when the program would fail, it can be
said that a student can deceive the program simply by putting
the photograph of another student in front of the web cam to
take Fig. 2. Face recognition with ID indicated the attendance.
Surely, the algorithm would not detect whether a student or his
photo is appearing on the web cam. In favor of our program,
it can be said that still it is much easier for a faculty to spot
cheating during web cam attendance rather than a paper signed
or electronic attendance taken using ID card. This is because
it is much harder to take an attendance furtively with a photo.
In addition, several programming techniques can be applied
to the algorithm in order to avoid cheating on attendance. For
example, the function predict of the FaceRecognizer can be
used to assess the quality and, thus, credibility of a taken
video image frame. In this regard, a threshold can be applied
to raise the quality of the images to be accepted and, thereby,
to filter unnecessary frames.
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Abstract— this work presents findings on verification of
memristor emulator model. Memristors are devices, which
resistance value depends on the current, which has previously
flown through it.Memristor hardware model needs to maintain
such features of memristors as programmable memristance,
nonvolatile performance and ability of being connected with
other devices in memristive circuits. Analyzed model is composed
from widely available solid state components and can be used in
the systems of several memristors. It makes this emulator
convenient for educational and demonstration purposes as well
as for initial analysis of memristive circuits. Examination of the
emulator using SPICE has shown expected results, including
pinched hysteresis loop on voltage-current plane and linear
dependence of charge on flux. In addition, operation of system at
different temperatures and frequencies was studied.

Keywords—memristor; emulator; SPICE model

I. INTRODUCTION

Menmristors are two-port electrical devices changing their
resistance depending on the current that has flown through the
device previously [3]. It became a fundamental electrical
element in one row with inductor, capacitor and resistor,
because the memristor provides a functional relation between
flux and charge [1]. Memristors’ common feature is a pinched
hysteresis loop on the current-voltage characteristics graph.
Another important feature of such devices is non-volatile
resistance meaning that value of device resistance does not
change if no power is supplied to it.

These unique characteristics of memristor make it suitable
for memory and neuromorphic applications such as Cellular

Fig.1. Memristor Decremental Model Concept [1].
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neural networks for image processing [8],[9]. Another possible
application fields of memristors are microwave electronics [10]
and PID control [8]. Moreover, resistive switching devices for
memory and logic application could also be realized with
memristors [13],[14],[16]. Typically, memristors are nano-
scale horizontal devices, build using TiO2 technology [18], but
they also could be produced using SrTiO3 [16]. In addition,
memristors could be realized as a 3-D vertical device [15].

The cost of fabrication of nano-scale devices along with a
huge potential of memristor applications require device
emulator for initial analysis of memristive circuits. There are
proposed SPICE emulator models, which could be used for
simulation applications [10]. However, hardware model is
required for physical implementation of memristive circuits.

In order to be useful, the hardware model needs to have
programmable and nonvolatile memristance.  Another
requirement is that memristor model could be directly
connected to other electrical devices in memristive circuits.
Moreover, this emulator should consist of widely available
solid-state components to ensure that it could be easily
constructed. Most of the proposed emulators are based on
transformation of non-linear inductors, resistors, and capacitors
into memristors [1],[17]. And while the model proposed in [17]
utilizes both analog and digital circuits, only analog devices are

TABLE L SPICE SIMULATION PARAMETERS
Parameter Value

Input voltage 2Vpipk
Rs 16kOhm
Rt 4kOhm
R1, R3-R6 10kOhm
R2 90kOhm
C 0.1uF
NMOS W/L 35
PMOS W/L 90
Supply voltage for current mirrors +5V
Supply voltage for op-amps and AD633 *I5V
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Fig.2.Current mirrors simulation results.

used in emulators proposed in [1] and [19]. Advantage of using
only analog circuits is improved connectivity of the model with
other circuit elements[21-24]. Even though, model proposed in
[19] is not expandable. Therefore, the model proposed in [1] is
selected for analysis in this work. The objective of this paper is
to evaluate the performance of this memristor emulator model,
including examination of transient characteristics along with
frequency and temperature dependencies of these
characteristics.

II. METHODOLOGY

Examined model could be operated in either incremental or
decremental mode. The main difference between them is that
the pinched hysteresis loop lays in the first and third quadrants
of I-V plane for the former, and in the second and fourth for
the latter. Since operation of both models is analogical, only
decremental mode is studied in this work.

A. Concept Description

Concept of decremental memristor emulator is presented on
the Fig. 1. The main idea of this emulator is using capacitor
characteristics of charging and discharging to obtain variations
in overall resistance. Input voltage for this configuration is
given by the equation (1)

Vin = Rglin — (1)

In this equation, v, is the output of analog multiplier and is
given by the equation (2). The first term in (2) corresponds to
capacitor voltage, while the second represents voltage across
the resistor Rry.
() .
Uy = ch X Rrig (2)
Therefore,by combining equations (1) and (2)
R .

Vin = (Rs — ?ch ®))iin 3)
And, finally, equation (4) describing input resistance is
obtained from equation (3).

Rin =72 = R, (1 - R—ch(t))m)
in CRg

In equation (4), the first term in brackets represents a fixed

part of memristance.The second term varies due to the

changing capacitor charge. This term corresponds to a variable

part of memristance.

B. Design Description

Both resistor Ry and capacitor C in (3) need to be supplied by
the same current which is produced by the input voltage
source. Therefore, in SPICE implementation six current
mirrors are constructed usingBSIM3 long-channel MOSFET
models [20].The MNO-MN2 current mirror regenerates the
positive part of the input current, while MPO-MP2 current
mirror copies the negative part. The MP1-MP3 and MP1-MP4
reproduce the current from the MNO-MN2 current mirror on
the resistor’s and capacitor’s outputs respectively.
Analogically, The MN1-MN3 and MN1-MN4 reproduce the
current from the MPO-MP2 current mirror. Consequently, the
full copies of input current on resistor and capacitor are
obtained. The layout of the current mirrors in the circuit is
shown in the Appendix A. Theiroperation could be observed
on the Fig. 2. It shows that the output currents supplied to
resistor and capacitor perfectly copy the input current as
expected.
Analog multiplier AD633 [4] is used for combination of
output voltages from Ry and C. It operates at frequency range
up to around 300 kHz which is suitable for the examined
emulator model.
Transfer function of this multiplier is given by (5).

W = (Xl—XZl)(()Yl—YZ) ny 5)
During the implementation of the project, error in abbreviation

was found in [1]. Authors exchanged W and Zports of AD633
multiplier, which caused simulation issues.

Fig. 3 illustrates the performance of the AD633 analog
multiplier. In order to study multiplier’s operation, to SIN
signals with different frequencies were supplied as inputs. On

Input 1
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PR Y \ \ \ \
R VR v AR v A \/
; 0,02 0,04 0,08 0,08 D!l
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2y i / § I 1 7 % ] Y JAN
L R WAV, \WAW] WAV, WAV WA
= 0.1 T T T T T T T T T T T T T T T
E‘l 0,02 0,04 0,08 0,08 U,II
Time (s)
Fig.3. AD633 Multiplier simulation results.
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the Fig. 3, first two graphs are input signals, and third graph is
representative of the output signal. Analog multiplier takes
points of input graphs at each time instance, mathematically
multiply them and divide by 10, as mentioned in(5). Since
multiplier works as expected, it was selected to be used in the
simulation of memristor emulator.

As shown in (5), output of AD633 needs to be scaled 10 times.
Scaling is performed using operational amplifier U2 with gain
of 10. Ul amplifier is used as a buffer in order to prevent
capacitor from undesired discharge when there is no input
signal. This buffer provides nonvolatile properties to the
examined model. Combination of Ry and U0 is used to convert
input voltage into input current. Examined model is made
expandable by insertion of analog adder which is constructed
using U3 and U4amplifiers. All amplifiers in the models are
TLO082 [5]. The final layout of the circuit could be found in the
Appendix A and simulation parameters are specified in the
Table 1.

III.  RESULTS AND DISCUSSIONS

By implementing the SPICE simulation of the system the
data for the input current and voltage are obtained. The
theoretically expected pinched hysteresis loops for different
frequencies of input signal are illustrated on the Fig.4.They
were obtained from mathematical analysis of emulator
performance by assuming ideal operation conditions. It could
be observed that current changes approximately from -65uA to
65uA. The waveform of the current is periodic. There are two
corresponding values of current for each voltage point.
Therefore, value of current and memristance at present state is
selected among two possible values depending on its value at
the previous state. Also, it is possible to conclude that with
increasing the frequency the width of hysteresis loop decreases
and memristor behaves more like a resistor. It means that the
memristor emulator would eventually perform as a resistor if
frequency of operation is further increased.

Theoretical expectations could be compared with
simulation results provided on the Fig. 5. It could be seen that
the emulator model with real-life components also has
hysteresis loops on voltage-current plane. However, the width
of the loopfor the same frequency is much smaller compared to
ideal scenario. Additionally, the hysteresis loops do not have
such perfect shape ason the previous figure, which could be
due to parasitic effects of the sub circuits.

The charge-flux characteristics of memristor model are
presented on the Fig. 6. They are very close to the ideal, where
the line should be straight, because the basic idea of the
memristance is that the change in the flux causes linear change
in charge. Fig. 6 shows that while flux changes from 0 to 3.5
mWhb, charge increases up to 0.2 uC.

The variation of the emulator memristance with time is
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Fig.6. Flux-Charge characteristics of analyzed memristor model.
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presented on the Fig. 7. Memristor changes its value between
2kOhm and 16kOhm. As it could be observed, memristance
decreases with increase of voltage and increases when input
voltage decreases. Moreover, maximum memristance is limited
by the value of Rg while minimum value is limited by Ry and
C. This observation totally agrees with theoretical expectations.

The simulation timingis represented on the Fig.8.It shows
that the delay time of the system is equal to 117.5922us.It
could be concluded that this time delay is acceptable.

TheFig. 9displays the influence of the operation
temperature on the memristor emulator performance. The
shapes of the pinched hysteresis loop under different
temperature conditions remain the same. When temperature
increases, the loop moves in the direction of negative voltage.

IV. CONCLUSIONS

Memristor emulator is required for modeling behavior of
real device performance using widely available components. In
this study, the performance of memristor emulator model
presented in [1] is verified using SPICE simulator. Such
important features of real memristors as programmable
memristance, nonvolatile operation and connectivity with other
devices in memristive circuits were found to be preserved in
the hardware model. Expected forms of pinched hysteresis
loops were obtained. Moreover, decrease of the width of these
loops with increase of input signal frequency was observed.
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The obtained results from simulations of examined model
coincide with predicted theoretical behavior. Consequently,
this emulator works in desired manner and is applicable for
construction of memristor application circuits as well as for
educational purposes.
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Gate-Diffusion Input (GDI) Technique for Low Power CMOS Logic
Circuits Design

Yerkebulan Saparov, Aktanberdi Zhakupov

ABSTRACT

Today’s main challenges for most of the VLSI circuit
designers are to decrease the area of the circuit and
reduce power dissipation. The leading world companies
are working on continuous improvement of the existing
technologies. Quest for ideas in optimization of
productive speed, reducing the propagation delays and
power consumption along with compactness and
minimization of production costs of triggers are the
main objectives of producers of electronics and digital
equipment. The question of improvement of logical gate
design is particularly acute. Particularly, the power
consumption is one of the key factors in any integrated
circuit. Considering the complexity of modern
integrated circuits, processors now consume large
amount of power as they make maximum number of
internal transitions. Therefore, the most actual question
is to find the techniques to effectively implement low
power systems in integrated circuits design.

INTRODUCTION

CMOS logic and Pass-transistor logic (PTL) is widely
used in the present days in low power systems of
integrated circuits. CMOS logic requires large amount
of transistors even for a simple AND gate. 6 transistors
are necessary to build a CMOS AND/OR gate. It is quite
obvious that each transistor will increase power losses.
PTL implementation contains a major problem, which is
that after each stage, difference between high and low
logic levels decreases.

The gate diffusion input is a brand new method for
constructing low power digital circuits. It is supposed
that Gate Diffusion Input (GDI) Technique is one of
emerging options on reduction of production delays of
the processor, decrease in power consumption and
dissipation along with the simplification of production
of integrated micro-schemes. Implementing this method
may diminish power losses in the circuit, decreases
propagation delay and total area of digital circuits.

In this paper, efficiencies of AND gate and OR gate
design using CMOS logic, PTL logic and the GDI
technology will be compared. The purpose of this work
is to analyze the Gate Diffusion Input (GDI) Technique
on the example of the AND gate and OR gate through
their key characteristics of their work, power
consumption and applicability. The main tools of the
carried-out analysis are the simulation of an integrated

circuit constructed using GDI technique and pass
transistor logic (PTL) (calculations of timing),
conducted calculations of power consumption and
dissipation, and also the analysis of compactness on the
example of the AND gate and OR gate layouts by
different techniques of construction.

TWIN-WELL PROCESS

The main differences of GDI technique lies in the
fabrication process of transistors. Regular CMOS cells
are fabricated using the method shown in Figure 1,
while GDI cells need Twin Tub CMOS Fabrication
shown in Figure 2.

NMOS PMOS
B s

Yoo

”‘ e U'WUW'*" ];Iiy;ourity

silicon grown
withaccurately
determined
dopant
concentrations

Figure 2. Twin tub-CMOS Fabrication Process [2]

In this process, it is possible to optimize transistors’
body effect, gain and threshold voltage, and prevent
from possible latch up. Basic GDI cell consist of NMOS
and PMOS cells connected in a certain way. Figure 3
shows that there are 4 terminals in a cell: G — common
gate input for both, NMOS and PMOS, P — outer
diffusion node of PMOS, N — outer diffusion node of
NMOS, and D — common diffusion mode.

P

Figure 3. Basic GDI cell [5]
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Bulk terminals of both NMOS and PMOS transistors are
linked to N and P terminals accordingly, to allow
arbitrary bias. GDI structure have three inputs (G, N, P)
instead of two, which allows implementation of more
complex logic gates using less transistors. Usually, in
CMOS cell VDD is connected to PMOS and GND to
NMOS, while in GDI technique both P and N terminals
can be assigned with independent signal inputs,
decreasing the transistor count and consequently the
power dissipation across transistors [4].

BASIC LOGIC FUNCTION

In this paper, two logic function, AND gate and OR
gate, were taken as a subject of investigation. As it can
be seen in the Figure 4, numbers of transistors used are
incredibly decreased in the case of Gate Diffusion Input
Technique in comparison with CMOS logic.

OR Gate with GDI Technique

AND Gate with GDI Technique

Figure 4. AND gate and OR gate using GDI and CMOS logic

SPICE parameters for simulating GDI cells differ a lot
from that of the regular CMOS cells. Therefore, data for
power efficiency were obtained from the referred
papers. The Table 1 below shows how efficient is
GDI technique in comparison with CMOS logic. W/L
parameters are: W=2.50u, L=0.50u, M=1, NF=1 [3].

Tablel. Power consumption values for AND gate and OR
gate in GDI and CMOS logic [5]

Power (uW)
Gate Logic Trans | nMOS
Type | Expression | GDI CMOS mission | Pass
Gate Gate
AND AB 25.7 | 34.1 30.8 30.1
OR A+B 263 | 329 36.2 32.6

Advances in Memristor Circuits and Bioinspired Systems

Figures 5-6. OR gate and AND gate with GDI technique
(Tanner EDA software)

Tests made by fabricating test vehicles
demonstrated that the GDI technique reduces power
consumption up to 45% with some significant
improvements in performance arisen and decrease in the
number of transistor compared to CMOS and PTL logic

[61.
CONCLUSION

Overall, GDI Technique can enrich VLSI designers’
toolbox in the near future. This technique, which is
specifically designed for low-power applications,
justifies its purpose by showing lowest power
dissipation level among CMOS gates. Test chips
showed huge improvements in performance, decreased
number of transistors and area size over other logic
gates.

REFERENCES

[1] Agarwal, T. 'Step by Step CMOS Fabrication
Processing Technology', Buy Electronics &
Electrical Projects in India, 2014. [Online].
Available: http://www.edgefx.in/understanding-
cmos-fabrication-technology/. [Accessed: 07-
Apr-2015].

2] Ece.unm.edu, 'CMOS Processing Technology',
2015. [Online]. Available:
http://www.ece.unm.edu/~jimp/vlsi/slides/chap3
2.html. [Accessed: 10- Apr- 2015].

[3] Kenia, K. and Kenia, N. 'GDI Technique: A
Power-Efficient Method for Digital Circuits',
International Journal of Advanced Electrical and
Electronics Engineering, vol. 1, no. 3, pp. 87-93,
2012.

[4] Kumar, M. A., Selvarani, R. and Kumar, T.
Proceedings of International Conference on
Advances in Computing. India: Springer, 2013.

[5] Morgenshtein, A., Fish, A. and Wagner, 1. 'Gate-
diffusion input (GDI): a power-efficient method
for digital combinatorial circuits', IEEE Trans.
VLSI Syst., vol. 10, no. 5, pp. 566-581, 2002.

[6] Morgenshtein, A., Fish A. and Wagner, 1. ‘Gate-
diffusion Input (GDI) a Technique for Low
Power Design of Digital Circuits: Analysis and
Characterization’, Circuits and Systems, vol. 1,
no. 1, pp. 477-480, 2002.

29



Intelligent Mirror — Personalized Advertisement

Ratbek Zhapparov

Student, Department of Electrical and Electronics
Engineering, Nazarbayev University.
Astana, Kazakhstan.

Email: ratbek.zhapparov@nu.edu.kz

Abstract

Image processing has a wide range of applications. In this
paper, we are proposing to apply extracted information from
image in advertisement industry. Advertisements on banners
and LCD display have critical purpose for producers/service
providers to sell their product and for consumers to make a
decision. However, due to the absence of personalized
advertisement there is a gap between consumers and
advertisement. To fill this gap and solve this problem we are
proposing a software called “Intelligent Mirror”. It will be
able to detect gender, age, accessorizes, and cloth brand of the
person in front of the mirror and depending on that provide
personalized advertisement on the LCD display. However,
due to the time limitations, at this stage our software is able to
classify gender and provide gender specific advertisement on
LCD mirror display.

Keywords: face detection; Fisherface
classification; personalized advertisement;

method; gender

I. INTRODUCTION

Researchers have done qualitative work and developed various
methods and algorithms for image processing. Currently they
are being used in surveillance cameras, human/object
identification and tracking, and smart human-computer
interaction, etc. In our paper, we are proposing to apply image
processing in LCD advertisement. LCD advertisements
installed at many public places such as shopping centers,
airports, and public environments. By advertising products and
services, they play crucial role in business promotion.
Currently, LCD displays can detect human or moving object
with motion sensor and display adverts in predefined
sequence.

However, traditional LCD displays are not able to categorize
adverts for each person [1]. The efficiency of LCD displays
can be increased, if LCD displays are aware about the person
in front of it and his/her possible interests. In this way, they
can classify and personalize advertisements for each
individual. This can be achieved by our software called
“Intelligent Mirror”. To be precise, classifying gender, age,
recognizing accessories and cloth brands on the human and
taking into account weather conditions and season, “Intelligent
Mirror” will provide appropriate personalized advertisement
for the person. As a result, customers will be able to see
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appropriate  products  of interest  while

producers/service

predicted

providers will find right person as a potential consumer.
Consequently, “Intelligent Mirror” may increase to the
efficiency of the advertisement for both consumer and
producer. For instance, during summer in the elevator of the
shopping center, our gadget may display advertisement of
women’s sunglasses, hats, new summer collection for the
detected lady. However, due to the time limitations as a first
version of the “Intelligent Mirror” software, we would focus
only on gender specific advertising. Fully completed
“Intelligent Mirror” software will be the bridge between
producers and consumers and change the way how any
product or service is advertised.

II. METHODOLOGY

To implement this software, following milestones have to be
completed.

1) Face Detection of the person using web camera

2) Eye Detection and Face image cropping

3) Gender Classification

4) Displaying Advertisement

Face Detection

Firstly, “Intelligent Mirror” detects the face of a person from
the camera. Algorithm of detecting face of the person is based
on Haar feature-based cascade classifier [2]. This cascade
classifier is trained by plenty of Haar-like features and then
based on them, detects face of the person in a frame. Accuracy
of this method achieves 95% and it can faster detect the face
of a person than other existing algorithms [3]. Thus, we
applied this method in our software to detect the face.

Eye Detection and Face Image Cropping

After face detection, our software takes image of detected face
and starts to search for position of eyes. This process is done
by Haar Eye Cascade Classifier. Algorithm of the classifier is
based on Haar feature-based cascade classifier, which takes
small computation time and has an accuracy of almost 93%
[3]. After eye detection, the face image is rotated relative to
the left eye in order to set both eyes on the same level.
Consequently, this might reduce computation time and error
rate of gender classification algorithm [4]. Then, rotated image
is cropped to resolution of 168x192 pixels in order to obtain
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the same pixel resolution as database that we use. Finally,
cropped image will be stored and inputted to the gender
classification.

Gender Classification:

Several methods can be used to perform gender classification
from face images. Widely used four methods are Eigenfaces,
Fisherface, Correlation, and Linear Subspace. Fisherface
method is highly accurate and comparatively faster than other
methods [5]. In addition, it is robust to changes in light
intensity, which makes it possible to use in different
environments. Therefore, we used Fisherface method for our
software to classify gender.

Fisherface method applies feature extraction and classifier
module in order to identify gender. Firstly, Fisherface method
is “trained” for a certain set of frontal face images with known
gender. This is done by extracting geometric “properties and
features” from these images. The extracted data will be stored
as a database. When the cropped image of detected person
inputted to the gender classification, geometric features from
image is extracted. Ultimately, classifier module will identify
the gender of the person on the cropped image by comparing
extracted features with the database. Flow chart of this method
is demonstrated in Figure 1.

Face Images for
Training
|
v

Extraction of

features

3

Input face image

v

Extraction of
Features
cL

v

T } |
— .

v . v

S

Figure 1. Flow chart of Gender Classification

We used the Extended Yale Database to train our software.
The Extended Yale database contains face images of 28
people under 64 different light intensities. In this way, we use
1792 images from Extended Yale. In addition to this, we also
created our own database consisting 210 images of 30 Kazakh
people.

A) Extended Yale

B) Created Database
| 54

R W -

Figure 2. Examples of the Extended Yale Database and
Created Database

Displaying Advertisement

Finally, based on identified gender, our software displays

gender specific advertisement on LCD displays. “Intelligent

Mirror” is capable of displaying several advertisements

simultaneously for only one person at a time. In order to catch
attention of potential customer, we are proposing to use
traditional mirror at the center. Once person approaches the
mirror, “Intelligent Mirror” identifies gender and starts
displaying advertisement on LCD displays. Initial design of
the “Intelligent Mirror” as a product is shown in Figure 3.

LcD LcD
Display Display
LCD LCD
Display Display
MIRROR
LCcD LcD
Display Display
LCcD LCcD
Display Display

Figure 3. Initial design of “Intelligent Mirror” as a product

Ultimately, working principle of the “Intelligent Mirror” can
be summarized in the flow chart demonstrated in Figure 4.
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i

Advertisement

—— image/video for men
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Figure 4. Flow Chart of the “Intelligent Mirror” software.

III. RESULTS

To demonstrate the performance of our software, we have
tested it for group of people with different ethnicities. In
addition, we also tested it under different lightning conditions,
facial expressions, and different databases. Results of these
tests are shown in Table 1.
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Table 1. Results of the tests under various database and input

image
Used database Number of people Accuracy
Extended Yale 50 (25 male, 25 female) 78.0%
Our database 30 (15 male, 15 female) 70.0%
Extended Yale + 83.3%
Our database 30(15 male, 15 female)

For the first test, we used images of ethnicities that can be
found in the Extended Yale database: Indian, Chinese, and
European people. As a result, “Intelligent Mirror” correctly
identified 39 out 50 people, where 3 male and 8 female images
were identified wrongly. Only 25% of the Extended Yale
database contains female images, therefore, this might be the
cause of higher error rate for female identification.

At the second test, “Intelligent Mirror” was trained only by
our database and we used only images of Kazakh people to
test it. Although it contained 210 images, the results of the test
revealed medium accuracy. It was observed that “Intelligent
Mirror” was not able to correctly classify 5 males and 4
females. The reason behind the error might be lack of images
in created database, wearing glasses, and high light intensity
variation.

By combining two databases, we achieved the accuracy of
83.3% for classifying gender of Kazakh people. At this time,
“Intelligent Mirror” was not able to classify 1 male and 4
females correctly. Considering all obtained results, we notice
that “Intelligent Mirror” is capable of providing good results.
It was observed that the performance of software can be
increased by using database with images of more distinct
people rather than many images of one person from different
angles. Therefore, database such as FERET and our database
with more images, will be used in the completed version of the
software.

IV. CONCLUSION

To sum up, this paper proposes software called “Intelligent
Mirror” to fill the gap between customers and LCD
advertisement. It will solve this issue by personalizing
advertisement for each person by classifying gender. The
software has been tested for several times using different
databases and has achieved maximum gender classification
accuracy of 83.3%. To improve the accuracy of our software,
database is partially constructed by us. Considering its
accuracy rate and non-existence of such novel approaches that
would provide personalized advertisement in LCD displays,
“Intelligent Mirror” is a unique software that will change the
concept of how advertisement should be presented in LCD
displays. As a future work, we already started working on
identification of age, detection of accessories and cloth brand.
Moreover, we will also analyze complex cases, where
“Intelligent Mirror” will be able to provide advertisements for
several people simultaneously. Complete version of
“Intelligent Mirror” will be able to classify gender, detect age,
recognize cloth brands, and then using these data provide
personalized advertisement for multiple people
simultaneously.
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of maze problems: with only one exit path and with several ones
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L INTRODUCTION

Optimization problems in networks often require shortest
path length calculations to determine the most efficient route.
One of the optimization problems is labyrinth or simple maze
that has one entrance and exit. The mazes are prototype models
in graph theory, topology, robotics, traffic optimization,
psychology, and in many other areas of science and
technology. Therefore, there are many traditional methods in
order to solve maze-escaping issues. These techniques vary
from simple algorithms to huge arrays regarding to maze size
and numbers of paths. Our paper is going to extend the idea of
maze solving problems by using memristive network. Our
memristive network will sort paths according to their lengths.
We will show simulations by using memristive circuits that
will demonstrate the shortest path of 2D maze.

II. PROBLEM STATEMENT

The main problem of maze solving is to find the exit from
the labyrinth. There could only one exit path however there
could be several ones at the same time and in this case the
shortest path should be chosen in order to exit from the maze.
So in this project these two maze problems with one exit path
and several paths are solved using the same memristive
network.

III. PROCEDURES

The main components of the circuit are the memristors
which are defined:

V(t) = M(x)* i(t); )
dx/dt = f{x,1); 2

where v is the voltage across memristor, i — current, M(x) —
memristance of the device which is dependent on the x -
internal state variable.
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The simplest abstraction of the memristor is that of a time-
dependent resistor:

M(1) =W@®)/D x Roy+ (1-W(1) /D) * Rorr 3

where W(t) — width of the device, D — active core thickness,
Ron— ON resistance , Ropr — OFF resistance.

For the simulation in LTSpice the following characteristics
of memristor were used:

RON =100 Oth, ROFF: 5 kOhms, RINIT =1 kOhm, D= 10111'11,
p=1x10"* m/sV [1].

For maze problem solution the circuit with switches and
memristors shown on Fig. 1 could be used. In this circuit
switches represent the walls of the maze which shouldn’t be
crossed. So if the switch is opened then it means that there is
now way in that direction. Voltage source is connected to the
entrance of the labyrinth while the ground to the exit.

As the memristors have two opposite polarities while the
current in the circuit could flow in both directions the
memristive fuse is used which is shown on the Fig 2. Because
the same minus polarities of two memristors are connected
together the current could also flow into positive side which
means that in output characteristics this current will be positive

[2].

Fig. 2. Memristive fuse.

Copyright (© 2015 SCASA & ICP 2015 Organisers :: Published by Research Publishing
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IV. RESULTS

A.  Solving maze with one exit path

The maze shown on the Fig. 3 has only one exit path. And
the equivalent memristive network circuit is shown on the
Fig.4.

ENTER

— 1|

EXIT

Fig. 3. The maze with one exit path.

= Gnd

Fig. 4. Memristive network circuit for one exit path maze.

As there is only one exit path the sequence of the
memristors through which there is a current flow is the solution
to maze problem while through other memristors there is no
any current. By simulating the circuit in LTSpice the correct
sequence was found which is shown on the Fig 5. In the
LTSpice simulation the opened switches were replaced by
resistors of 99999kW which are identical to them because of
huge resistance.

R

Soa0m901

,,,,,,, oo > W]

Fig. 5. Equivalent circuit built in LTSpice.
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Fig. 6. Graphs obtained using LTSpice simulation for one exit maze.

The From the color representation of the memristors on the
graph (Fig. 6) it was found that there is no any current through
memristors 3,4,5,7,10, 12,13,14,16,17,18,20,21,22. The is only
current either positive or negative currents for the memristors
1,2,6,8,9,11,15,19,23,24. So this sequence of memristors is
correct exit pat for the maze shown on Fig.3. The reason why
some currents are positive and some are negative is that
memristors has two polarities and it could be avoid by using
memristive fuses which were described earlier however they
could increase the complexity of the circuit in LTSpice
simulation particularly in this example.

B. Solving maze with several exit paths.

The maze shown on the Fig 7 has several exit paths. The
equivalent memristive network circuit is shown on the Fig 8. It
is obvious that path 1 is the shortest one in this circuit while
path 3 is the longest. And this will be investigated also with the
help of memristance changes’ values.

ENTER

W

B PaTH

N raTHS

Fig. 7. The maze with several exit paths.
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B raTH

I rarH

Fig. 8. Memristive network circuit for several paths maze.
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Fig. 9. Equivalent circuit built in LTSpice.

For this maze solution the memristance change with respect
to time for different paths (first path — from the node 1 to 2,
second path — from the node 3 to 4; third path — from the node
5 to 6) was observed which is calculated by the formula:

AM= (Vy-Vy)/Ixy-Rey 4

Req in our case is equal to 4 Ryr as there are two memristive
fuses between the nodes while the fuses consist of two
memristors by their own.

Again the memristive circuit was built in LTSpice program
(Fig. 8) and then the circuit was simulated in order to obtain
the current flow and voltage drop across each branch of the
maze (Fig.9).
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Fig. 10. Memristive network circuit for several paths maze.

Using the simulation values the table of the change of
current and voltage drop across each branch with respect to
different time was built. Moreover with the help of values
obtained using the simulation memristance change was
calculated using the formula 4 and these values were also
included to the table.

TABLE 1. 1, V, M CHARACTERISTICS FOR EACH BRANCH
Egz; 0 03 0,6 0,9 12 2,7 3,0

MI+M2 | 0 | 457,556 | 558,414 | 578,156 | 587,112 | 607,824 | 619,778
jg M4+Ms | 0 | 212,026 | 222,766 | 230,462 | 232,850 | 239,180 | 243,170
MM | 0 | 112310 | 113,684 | 115232 | 117.426 | 119,574 | 121,584

MI+M2 | o | 12626 | 12692 | 13111 | 13,375 | 13,841 | 14,040

~§ M4+M5 | 0 | 5030 5,076 5,238 5317 5435 5,527
Ms+M9 | o | 2,525 2,538 2,619 2,669 2,717 2,763

Mi+M2 | 0 | 40479 | 40793 | 39,998 | 39,996 | 40,010 | 40,004

z g M4+Ms | 0 | 38152 | 39,886 | 39,998 | 39,793 | 40,007 | 39,997
M8+M9 | 0 | 32,239 | 39,997 | 40097 | 3989 | 39915 | 40,144

Using the values from the table the graph of memristance
vs time for three branches was built using MSExcel (Fig 11).

45
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S 25
= AM1+AM2
220
Sl —— AMA+AMS
15 —— AMS+AMY
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5
0
4] 0,3 0.9 1.2 25d 3,0
TIME [SEC]

Fig. 11. Memristance change with respect to time for three paths.
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From the graph it is observed that the first path (from node
1 to 2) exhibit the greater memristance change than for other
paths until it reaches about 1s where all path’s memristance
changes aproximately equal to each other because all
memristors reach the Ropr value. In this case the maximum
value is about 40kW because Ropr 0d each memristor used in
simulation is 5kW while each branch consist of two memristive
fuses. It could be conclude that the greatest memristance
change is for the shortest path.

For better visualisation the color code of the memristance
change was used where the color closer to the red one means
greater (Fig.12).

M (kD
Branch | Branch | Branch | o 0:0)
I 38
Branch 2 Branch 2 Branch 2 36
I 3
Branch 3 Branch 3 2
a) b) <)

Fig. 12. Color code of three branches for a) 0.3 sec b) 0.6 sec ¢) 0.9 sec.

From the Fig.12 it is seen that at any time until the
memristors reach the Ropr value the memristance of the shorter
path is closer to the red color than other branches’ colors.
When all memristors reach the Ropr the color code of all
branches become closer to red color that’s why the
memristance change with respect to time when all memristors
reach this value. The shorter path is closer to red color which
means has greater memristance change only when
memristances’ values are Ry < M(x) < Rogr.

Then a random maze was built in order to observe memristance
change and to visualize color code of these values through the
whole circuit.

ENTER

EXIT
Fig. 13. A random maze.
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a) b) c)
Fig. 14. Color code of random maze for a) 0.3 sec b) 0.6 sec ¢) 0.9 sec.

From the Fig. 14 it could be summarized that if the solver
starts from enter and each time he follows the route with
greater memristance change when the routes are intersected
then this path will be the shortest one. For example the routes
with deadlock have lower memristance values comparing with
other routes.

V.  CONCLUSION

In conclusion, we have observed that memristors can help
to solve mazes in a massively parallel way. In other words,
memristive networks are capable of computing shortest path in
different variations difficulty mazes. This was experimentally
proved by using systems of memristors, resistors and LTSpice
software. Furthermore, implementation the maze solving
logical algorithm with memristive networks will find huge
usage in different area such as subway roads mapping.
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Abstract—This project shows the design of memristor based
oscillator, where memristor takes place of reactive element, in
this case, it is capacitor. The usage of memristor gives certain
advantages, comparing to traditional one. First of all, memristor
based oscillator can be fully integrated on-chip giving an area-
efficient solution. Secondly, usage of memristor will increase
operating range of frequencies and provide wider range of
resistance. Analytical solution using mathematical calculations
and SPICE simulation results will be demonstrated.
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[. INTRODUCTION

Oscillator is an electronic circuit, which produces
periodic, oscillating signals. Oscillators are widely used in
television and radio transmitters, buzzers, quartz clocks and
clock signals that regulate computing devices. If behavior of
signals is nonlinear that oscillator called relaxation oscillator.
Output signals have triangle or square waveform.
Conventional relaxation oscillators use reactive elements such
as capacitor or inductor. Period of that signals depend on time
constant of capacitor or inductor. As known, reactive elements
have geometrical and capable limitations, i.e. frequency and
size of oscillators are limited. However, there are more
attractive replacements for reactive elements.

To overcome faced difficulties we propose to use
memristor based oscillators. Memristor has a unique
properties, it is a non-linear resistor which changes its state
according to total charge passing through. It preserves its
resistance after the removal of voltage. So, this property
makes memristor an interesting field of study [6-9].
Application of memristor in relaxation oscillators is
promising. There are two major advantages of using
memristor based oscillator. Firstly, the memristor in oscillator
allows providing higher frequency and wider range of
resistance. Standard 3-gate oscillator has no physical
possibility to provide higher frequency. Secondly, the scale of
memristor gives an opportunity to insert such oscillator on
chip. These properties makes memristor primary research
target for many companies which see potential of such device.
For example, HP is planning to start experiments in July,
2015, and to present first computer based on memristor in
2016 [1].
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II. METHODOLOGY

The main feature of this oscillator comparing to standard 3-
gate oscillator is wider range of frequency. To prove this
theoretically, mathematical analysis will be provided below.

The frequency of standard oscillator is:

0722

“Rec
where R is the resistance and C capacitance. By replacing
capacitor by memristor, the frequency formula will depend on
the value of the memristor resistance. As the memristor
resistance is:

Vi-V
R =R eV
Vour — V1
the upper and lower values of resistance will be:
l-ua B
Rﬂ:l_t:-=Rl* o Hmf'_Rl*l—ﬂ

From this formula:
RydR, = kV, (t)dt
we can get following integral relation

TH Rmp

— )
dt=— | (R, +R,)dR
uJ.‘ '[‘:"WGDT_VZJF e

R12‘?:I_t? - Hi:r. + 2Ri(Rmp - Rmr.]

Ty=T.= WV,
KV df(1-p)
L

So, maximum and minimum oscillation frequency will be
_ KV (1-a)’(1 - B
Tin = Ry [(1- gy - el
KV a’ g’
fmes =R, Ta—p7 -]
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To prove these work by experimental data Tanner EDA
program was used. To get experimental data, the circuit of
Figure 1 was built in S-Edit part of this program.

vV 1
Figure 1. Schematic diagram of memristor-based oscillator.

To simulate this circuit, T-Spice code was written.
However, our group faced several fatal errors, which we could
not resolve. The screenshot of the error is provided below.

: "memristor.sp"

Figure 2. Error analysis

The source of this error could be several parts of the
project: part of code working with differential amplifier, code
of NAND gate and subcircuit description. Literature review in
this area did not give a result. Therefore, we present our code
with expected simulation results.

1.5V
1.0V
= 05V —
-
v — (
-0.5%
1.0y —
]
-] 05V
-
Y I | I
Laks pAIEY 3.
D

Figure 3. Simulation results for 3-gate oscillator.

TOK-|
g 65K
6.k

Time
Figure 4. Simulation results for memristor-based oscillator.

As it can be seen from graphs on Figures 3 and 4 prove
theoretical expectations.

III. CONCLUSION

In this work, two different type of oscillator were compared.
The standard 3-gate oscillator and memristor based oscillator.
It was theoretically proven, that memristor based oscillator has
wider range of frequency comparing to standard 3-gate
oscillator. However, Spice simulation was not achieved, and
expected results were presented.

IV. SPICE CODE

.hdl memristor.va

XMemristor 1 0 memristor d=10n rin=80k roff=100k ron=1k uv=10f
.SUBCKT inverter

.hdl bsim3v34pMOS.va

.hdl bsim3v34nMOS.va

vd x1 x03

vg x2 x00

xekv1l x1x2 3 1 bsim3v34pMOS

xekv2 x3 x2 0 0 bsim3v34nMOS

.ENDS inverter

.SUBCKT diffamp

VS x1 x2 AC 1 SIN(0 10MVPEAK 10KHZ)

VCM x2 x0 SIN(0 OMVPEAK 5KHZ)

VCC x11 x0 DC +15V

VDD x12 x0 DC -15V

Q1 x3 x1 5 Q2N2222

Q2 x4 x2 5 Q2N2222

RC1 x11 x3 1000

RC2 x11 x4 1000

RE x5 x12 7.2K

.model Q2N2222 NPN(Is=3.108f Xti=3 Eg=1.11 Vaf=131.5 Bf=217.5
Ne=1.541

+ 1se=190.7f Ikf=1.296 Xtb=1.5 Br=6.18 Nc=2 Isc=0 |kr=0 Rc=1
+ Cjc=14.57p Vjc=.75 Mjc=.3333 Fc=.5 Cje=26.08p Vje=.75

+ Mje=.3333 Tr=51.35n Tf=451p Itf=.1 Vif=10 Xtf=2 Rb=10)

.ENDS diffamp

.SUBCKT NAND

RL x3 x4 500

S1 x3 x5 10 SW
S2 x5 x0 20 SW
.ENDS

VV110SIN(050.1)
Xinverter1 1 2
Xdiffamp1 +5V 0 4
Xdiffamp2 -5V 0 5
Xnand 4 51
R1203K
.MODEL SW
ROFF=1MEG)
.tran 0.05 10
.probe
.print v(1,0)
-end [3], [41. [5]
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MEMRISTOR SPICE MODEL AND ITS APPLICATIONS TO CIRCUIT SIMULATION OF
MEMORY CELLS
BekishevDanyiar, Kapan Arman

Abstract:Memristor is a two-terminal electrical
component that depends on charge and flux linkage,
simply it is a resistor that has a memory. The working
principle of memristor is: it has the resistance that
always changes depending on the current that has
passed previously. But in past years Hewlett-Packard
declared that they produced memristor by the help of
TiO,/TiO, structure.In our paper structures, physical
characteristics of the memristors will be explained
and one of the most important applications of
memristor, which is memory cell, will be further
examined and simulations of the memory structure
will be done, finally results will be demonstrated.
Keywords: Memristor, SPICE, nonvolatile memory,
resistance, flux, charge.

. INTRODUCTION

Before 1971, passive elements of the circuit were
only capacitor, inductor and resistor, until Chua
derived the fourth passive element called
memristorhe found the dependency of the memristor
on the electric charge and magnetic flux[1].
Moreover, he proved that the components of
memristorcannot be duplicated by using any
combinations of resistors, capacitors and inductors.
Due to its unique properties, memristors were
exploited in many areas such as nonvolatile RAM,
neuromorphiccircuits [4-7] and programmable IC’s

[2].
Physical structure of TiO, memristor:

Figure 1 shows the construction of the TiO,
memristor. In the TiO,memristor, a thin undoped
titanium dioxide (TiO,) layer with a thin oxygen —
deficient doped titanium dioxide (TiO, . ) layer are
clamped between two platinum electrodes. TiO, is
semiconducting material that has high Resistance
(Roff) but if the O, atoms are removed from the
material, then empty spaces will act as donor
dopants, thus Resistance will be dropped to low
values (Ron). When a voltage or current is applied to
the device, the width of the TiO, and TiO, _  layer
varies as a function of the employed voltage or
current [3]. As a consequence, the resistance between
the two electrodes is adapted.Moreover, it is said to
be that the main part of the device is the drifting of
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the O,atoms for the applied Electric Field (E) and
current (I).
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Figure 1. Physical model of memristor

2. METHODS AND DESIGN

The following equation demonstrates accurate model
for Memristor Spice Simulaiton. Memristance is
given as a function of the state variable q, and
because of that the state equation does not sensitive
to truncation errors.

Foa — Ron
R(q()) = Fon+ g o=

Hini — Haa
Ruﬂ - RIEII )

In Spice Model, q can be found by integrating port
current I with capacitor Cint as it is seen from Figure
2. After that q becomes equal to voltage at the node
Q. Series connection of Roff and controlled voltage
source are used as a model for memristive port.
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Figure 2.Memristor Circuit

Memvristor Simulation:

Figure below is the code that explains the
characteristics of Memristor:
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_SUBCKT memristor Plus Minus PARAMS :
+ RON=100 ROFF=—16K Rinit—11K D=10H uv=10F p=10

* DIFFERENTIAL EQUATION MODEL IMNG <

Gx B8 x value—{ I{(Emem)>uu>xROnN Dxx2xF(UL{xI P}
Cx = ® 1 IC—{{ROFF_RinNnit)  (ROFF—RONJ3}>

* RESISTIUE PORT OF THE MEMRISTOR 2

Emem plus aux value—<{—I{Emem}>U{x}*x{ROFF_RoOn)>
RoFff aux minus {ROFF>

s MONMLIMEAR DRIFT MODELIMG 3

xwindow function, according to Joglelkar
SFUNC FLx.Pp)—<{1—{2xx—1)xx{Zxpl >
*proposed window function

S.FUNEe FLx.i.Pp¥—< 1 (x—STEP{—LII=xx{2xpI >
JEMDS memristor

3SIMULATION RESULTS

Figure 3 is the Result of the simulation for the I-V
pinched hysteresis loop. Here, we have sinusoidal
input voltage at 100Hz and 100kHz. Hysteresis in the
circuit is occurred at the time when frequency
reached 100KHz.

[ o

Figure 3: I-V Hysteresis Loop

The figure 4 showsVI characteristics of the
Memristor. Here sinusoidal input voltage is drawn
with green, and current I with blue color. Vingets
maximum value of 1.2V, whereas I takes maximu
300uA. Here, I-V characteristic was matched to
100Hz data.
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Figure 4: VI characteristics of Memristor

Memory Cell Code and Simulation Results:

*Hemory cell memristor

-subckt memristor plus minus params: d=188n del=66.6n Su=186u er=5 Ueu=08.33

.param e@-8.854p n=9.109e-31 e=1.602e-19 h=6.626e-34

.paran CO={edxerxSu/d} C1={CO/(1-del/d)} C2={COxd/del}

.param a={Suxe*x2/(4xpixh*leyxdel*=*2)} b={uxpi*del=sqrt{m=e)=pur(lev,1.5)/h} loga={log{a)}
func 112(U1)={U1%ab5(U1)#exp(LIMIT(loga-b/MAX (abs(U1) ,1n),-20,20))}

C1 plus ¢ {C1}

C2 ¢ minus {C2}

G0 c minus value={112(U{c,minus))}
Rshunt c 8 186meg

-ends nemristor

Uin 1 8 sin 8 7.5 168

Rin 121

¥HC 2 @ memristor

EQ Q 8 value={-sdt{I{(Vin))}
-tran 8 56m 26m 56u

.probe

-end
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Memristor can be used in construction of nonvolatile
memory. The memristor give a possibility of using
quasi capacitor type of data storage like DRAWSs but
with long life time. The I-V characteristics of
memristor, contain both the current and the integral
of current. It means that without any extra circuit,
only by cutting the charging current, the voltage of
the device decreases to zeros directly. Moreover the
stored information do not change which means that
the control circuit of memory become much simpler.
Additionally, the power dissipation of memristor is
low in comparison with flash memory and their
access time in reading process is fast, also the writing
pulse have more amplitude and longer time. In future
it is expected that by using fast ions the writing pulse
in memristor will become less than flash memories.

The current controlled type memristor was used in
design of memory cell. This design propose the
excitation (input data) in terms of current type while
the measurement (output date) in terms of voltage
type. The resistance switching mechanism in
memristor is based on Bipolar Resistance Switching.
Writing the “0” and “1” logics (corresponding to low
and high resistance state) are done by controlling
amplitude, frequency and polarity of writing pulse.

The Figure 5 is the hysteresis loop of I-V
characteristic for Memristor

[

Figure 5: Hysteresis Loop of Memristor memory cell

In Figure 6 “1” writing pulse is applied which has
changes the state of system from O to 1. After a pulse
for reading operation is applied, its graph is
represented in figure 3. Then in response to this pulse
the output voltage that is read is interpreted as “1”.
This pulse causes the system state to be distorted.
The operations repeat, next “0” writing pulse, and
after a read pulse is applied again. In this memory the
circuit control always performs a read operation
before any write operation in order to prevent
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successive writes of ones or Zeros.

Figure 6: Current wiring

Eleaias

Figure 7: I-V characteristics of the Memristor for
memory cells.

Reference:

[1] Sharifi M., Banadaki Y., 2009, General Spice
Models for Memristor and Application to Circuit
Simulation of Memristor-Based Synapses and
Memory Cells, from
http://www.academia.edu/2366978/General_spice_m
odels_for_memristor_and_application_to_circuit_sim
ulation_of memristor-
based_synapses_and_memory_cells

[2] Yakpocic C., 2014, MEMRISTOR DEVICE
MODELING AND CIRCUIT DESIGN FOR READ
OUT INTEGRATED CIRCUITS, MEMORY
ARCHITECTURES, AND NEUROMORPHIC
SYSTEMS, from
https://etd.ohiolink.edu/!etd.send_file?accession=dayt
on1398725462&disposition=inline

[3] Biolek D., Pershin Y., Di Ventra M., Reliable
SPICE Simulations of Memristors, Memcapacitors
and Meminductors, from
http://arxiv.org/pdf/1307.2717.pdf

[4] Maan, A.K.; Kumar, D.S.; Sugathan, S.; James,
A.P., "Memristive Threshold Logic Circuit Design of
Fast Moving Object Detection," Very Large Scale
Integration (VLSI) Systems, IEEE Transactions on ,
vol.PP, n0.99, pp-1,1 doi:
10.1109/TVLSI.2014.2359801

[5] James, A.P.; Kumar, D.S.; Ajayan, A., "Threshold
Logic Computing: Memristive-CMOS Circuits for
Fast Fourier Transform and Vedic Multiplication,"
Very Large Scale Integration (VLSI) Systems, IEEE
Transactions on , vol.PP, no.99, pp.1,1 doi:
10.1109/TVLSI.2014.2371857

[6] Ibrayev, T. , Fedorova, I. , Maan, A. and James,
A. On Design of Memristive Amplifier Circuits.
Circuits and Systems, 5, 2014, 265-273. doi:
10.4236/cs.2014.511028.

[71 James, A.P.; Francis, L.R.V.J.; Kumar, D.S.,
"Resistive Threshold Logic," Very Large Scale
Integration (VLSI) Systems, IEEE Transactions on ,
vol.22, no.l, pp.190,195, Jan. 2014 doi:
10.1109/TVLSI.2012.2232946

Ty
]

BekishevDaniyar was born in 1993 in Karaganda
city. The 3" year student of Electrical and Electronic
Engineering at the Nazarbayev University. He was IT
Olympiad student. He has participated the regional,
republic and international Olympiads and reached I,
II and III places. Nowadays, he is working in
Robotics sphere, writing codes for robots and
creating project based on EV3, also teaching robotics
to kids.

Arman Kapan is a 3™ year student at Nazarbayev
University, in the faculty of Electrical and Electronic
Engineering. He was born in 1993, in Karagandy
region, district Aktogai. Arman finished Zhezkazgan
Kazakh-Turkish High School in 2011. He was the
participant of Regional Olympiads in Physics and
Kazakh History. In summer vocations he works as
Math and English teacher in Study Centre. He is a
participant of IET Student Chapter.



Simulation and Analysis of Reconfigurable Threshold
Logic Gates Using Memristive Devices
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Abstract — we present our research on Reconfigurable Threshold
Logic (RTL) gates which are combined with memristive devices
and CMOS circuits. The OR gate was used to define if the
increase of the power or voltage supply time will affect the value
of the memristive devices. The result was presented as a SPICE
code and simulation graphics.

Keywords—threshold logic gates; memristors; CMOS

1. INTRODUCTION

The following research was conducted basing on paper
“Reconfigurable Threshold Logic Gates (TLG) Using
Memristive ~ Devices”  submitted to  Subthreshold
Microelectronics Conference. The idea of that paper was to
use threshold logic gates and memristors to analyze how TLG
with combination of memristors can lead to changes in
reconfigurable architectures. The feasibility of threshold logic
has be noted in several leading works [5-8], that further
ascertain the interest in this topic.

The authors of the paper designed a circuit which was able
to operate as four different logic gates by changing the
resistance of the memristors. The circuit is shown on the
Figure 1 was designed on Cadence software, and then
simulated. Simulation was done by changing the input voltage
pulses to reach required resistances.

R,

Memristive © i
Device H
\ Comparator|

fir

Figure 1. Circuit for memristive devices(1].

They used four basic logic operations: OR, AND, NOR,
NAND. In order to get required logic operation, the resistance
of the memiristors should be set to values described in Table 1.
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Table 1. The resistances of memristive devices

Logic operation | R, (kQ) R; (kQ) R; (kQ)
NAND 1.33 1.17 3.88
NOR 1.33 1.17 1.33
AND 2.81 4.81 1.33
OR 2.81 4.81 3.88

These resistors are inside the memristive devices, and they are
labelled on the Figure 1 as R;is wy, R, is wp, R3 is wj.

So, after implementing the circuit above, and gaining
expected results, the circuit (Figure 1) was physically realized
on a printed circuit board, and memristors were reprogrammed
by using FPGA based voltage pulses.

II. OBJECTIVE

For our project the same devices and principle were used.
However, instead of simulating all four logic operations, only
one is taken into a count: OR. The idea is to remove
programming circuit, which is responsible for applying
required voltage value to memristive devices, and change their
logic operation. Instead of it, the required voltage directly
applied to memristors through the X;, X,, and Xj inputs to
produce OR logic operation. Then, input voltage is increased
manually and output of the summing amplifier will be
analyzed. Additionally, it is being planned to increase the time
of constant voltage supply, and observe how memristive
device will behave.

III. METHODOLOGY

In the paper which is analyzed four logic gates can be
performed by a single programming circuit by changing
memristor values. It is predicted that some problems may
occur with the circuit, if the same gate is used for a long
period of time. The reason is that memristive device stores
resistance and can change considerably its resistance value
over the time, and in that case logic operation will also be
changed automatically. Specifically, OR gate is predicted to
suffer memristor resistance changes as it constitutes of high
resistance weights for all three synapses. In this research OR
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gate configuration of proposed reconfigurable logic gates will
be analyzed by simplifying the circuit and performing
continuous timing analysis.

Trahn et al. performed their research using Silver-
Chalcogenide (Ag-Ch) memristive devices [1], and our work
is based on KAUST HP memristor model which is available
online [2,3]. Original circuit contained 2 parts: programming
circuit and logic gate circuit based on summing amplifier with
weighted inputs. As we are considering only OR gate,
programming circuit was omitted in this work and memristors
were preconfigured to the needed values. Off and on
resistance values for used memristive devices were changed to
those suggested for TLG in Table 1 and initial resistance was
set to the Ry (high resistance) to obtain the configuration of
OR gate directly. Summing amplifier was performed using
operational amplifier with active load [4]. Feedback resistance
value was taken from the studied paper and is
Rps=2.02kOhms. The code was generated using MATLAB
and SPICE and circuit was simulated in T-Spice. Figure 2
shows the circuit constructed for the project:

Memristive Re
Device

X, _.f._m.[j y
— o

Xz

Ko—-—d’oo-D—d‘
Figure 2. Circuit for OR operation

IV. RESULTS AND DISCUSSION

When Spice code for the circuit (Figure 2) was obtained, it
was simulated by using T-spice. Several experiments were
done to observe the behavior of the circuit. Obtained results
are provided on Figure 3, 4 and 5.
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Figure 3. Input voltage = 5V

i

Figure 5. Input voltage = 5V (pulse duration increased)

As it can be seen from the Figure 3, which has an output
voltage change at point t=~100us with input voltage equal to
5V. When the input voltage was changed to 2V with the same
pulse duration (Figure 4), it can be observed that the output
voltage starts to change at point t~60us. Finally, the Figure 5
provides the simulation result on input voltage equal to 5V
and doubled pulse duration and period. In that case, output
started to change at approximately t=~120us. Based on the
gained results it can be stated that the memristive device
cannot be kept in one configuration for a long period of time,
and should be reprogrammed as often as possible. Also, it
should be mentioned that with the same duration of the pulse
and with decrease of the input voltage output voltage starts to
change earlier. When with the constant input voltage and
bigger pulse duration, output voltage starts to change later.

CONCLUSION

Reconfigurable threshold logic gates device based on
memristors is a promising breakthrough in digital logic design.
Memristive devices claimed to be more efficient, consume
small area and dissipate less power, and thus are desirable in
electronics design. However, memristor's ability to store the
resistance depending on flux/charge can be negative aspect for
the applications where fast switching or constant resistance
value, such as in this project, are required. OR gate was
performed during this research, and constraints on constant
usage of this configuration were determined. High frequencies
should be avoided while using memristive devices in logic
gates due to resistance switch of the memristor. Also voltage
amplitude has significant effect on the output and operating at
higher voltage seems to be more stable. Further research
should be conducted to determine exact operating constraints
of this reconfigurable threshold logic gates.
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Abstract—Thememristor is a newly developed electrical
device which is intended to be used in memory-based
technologies. It has better scalability, higher utilization and lower
power consumption than CMOS based technologies. Inthis
paper, the full adder is designed using hybrid memristor and
CMOS technologies. In simulation process, a new state called
“middle state” and new input values called ‘“modified input
values” are introduced. This new method solves most of the
simulation errors in memristor based circuits.

Keywords—Memristor, memristor modeling, full adder.

I. INTRODUCTION

For the first time, the memristor was introduced by Leon
Chua [2] as a nonlinear fourth fundamental circuit element in
1971. Basically, memristor relates the magnetic flux with
electric charge. The first physical design of memristor was
implemented by the HP labs. As a result the findings proved
the hysteresis behavior of the memristor postulated by Chua [2]
and ability to use it as a memory device attracted the attention
of researchers into this field [6-9].

A memristor is a bipolar device, where the coupling
between electron and ion mobility gives the memristive ability
to it. According to HP’s realization, a memristor is defined as a
thin film of TiO2 between two Pt metallic contacts and consists
of two regions such as Rony and Roge(Fig. 1). One of the two
regions is high doped region (Rpy) with width “w”, which is
also called as state variable of the memristor. Because, by
changing the value of “w”, it is possible to change the
resistance of the memristor, hence the state of the memristor.
The other one is called as undoped region with high resistance
(Rorr). When the doped region is forward biased, the applied
voltage increases the width (“w”) of the doped region,
consequently, the resistance of the memristor is decreased and
the memristor goes to ON state. In contrast, if the doped region
is negative biased, it decreases the width (“w”) of the doped
region and the memristor goes to OFF state.

undOPed
(Ros?)

Fig. 1.Memiristor device presented by HP labs
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This paper aims to design the full adder using hybrid
memristor and CMOS technologies. The Section II will
describe thememristor linear model with mathematical
expressions. Section III concerned with design issues such as
SPICE model of memristor, logic gates and full adder design.

II. LINEAR MODEL OF MEMRISTOR

In general, two equations such as ohms law and a state
equation are enough to describe memristive system [4]:

V=R(w, I ey
w=1f(w,1) @)

Based on these two equations, the linear modelis defined
by the following expressions.

vV =M®x)i (3)
M(x) = Royx + Ropr(1 — x) 4)
2(0) = i (1) = ki(t)(5)

D2
M(x) is the resistance of the memristor. x corresponds to

the state variable x=w/D relationship of doped region width to

the total width. Value of the state variable x lies between 0
WRon

D2
is a constant that defines state variable, where pis the drift
mobility of oxide.The linear model is the simplest model that
describes the behavior of the memristor.

and 1 and defines the state as Roff and Ronrespectively.

%10 IV characteristics of mermristor

current (A)

voltage (V)

Fig. 2. I-V characteristics of the memristor
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The Figure 2 represents the I-V characteristics the
memristor which shows the hysteresis behavior of the device.
The fact that this loop passes through the origin shows that the
memristor does not store energy.

III. METHODOLOGY
A. Memristor model

In order to use the memristor on the logic gate design,
it is important to consider its physical model. One of the most
common ways of modeling a memristor is using an analog
electronic circuit simulator SPICE. There are different types
of SPICE software, but due to it is simplicity the SPICE
simulator developed by “Linear technologies” was preferred.
Additionally, theLTspice model for the memristor was found
from user Martin Falatic [3]. This model was based on the
paper on SPICE model of memristor with nonlinear dopant
drift by Czech scientists Bioleks and Biolkova [1]. The
memristor model as a new device is thus put into a library
with other devices. Physical design of the device can be
implemented by putting the spice model on LTspice simulator.
In order to test its correspondence with actual memristive
behavior it is important to see whether the model given
represents the true characteristics of the memristor. Thus the
following simple circuit in Figure 3 was constructed.

i
V1

SINE(0 1100 0)

.tran 0 5 0 5m uic

/
Fig.3.Memristor in electrical circuit

Fig. 4. I-V characteristics of memristor spice simulation

The Figure 4 shows the simulation result obtained from
simulating the memristor model proposed by Martin Falatic
using LTspice. The graph represents the hysteresis loop for
simulations, thus it can be stated that the device shows the
actual memristive behaviors.

B. Full Adder

Adder is an electronic device that converts analog or
digital binary signals into their equivalent sum. The typical
design of full adder requires XOR, AND, OR gates that are
designed by CMOS technology. Another way of representing
these gates is using memiristor, as it is further explained that
memristors can be used for performing logical operation. Thus
this paper proposes a simplified design for the full adder using
a hybrid CMOS and memristor technology. The application of
memristoras a gates is said to reduce the area, power
consumption and increase the performance of the operation.
Thus the full adder circuit will be constructed and the
simulation will show the input and output signals that will be
compared to the expected outcomes.

C. Logic OR

M1

als

Vi | A1 A2

M2 E E

| I

V2
.tran 8

Fig. 5. Hybrid circuit configuration of OR gate

The hybrid CMOS andmemristor based OR gate is
designed by Nasrudin [5]. As mentioned before, when the
doped region is forward biased, the resistance of the
memristor is decreased to small value (Roy). In contrast, if the
doped region is negative biased, the resistance increases to
Ropr. This behavior is used for logic gate construction. The
output point is considered as the node between two
memristors. It gives the opportunity to use the voltage divider
law. For example, when V1=0, V2=1, the resistance of M1
increases to large value while resistance of M2 is decreases to
small value, Ron. The voltage between two memristor is:

Rorr
Rorr + Ron

With similar method, the other possible outcomes are
given below in Table 1.

Vour,or = Vhigh = Vhign =1

TABLE 1. The properties of hybrid OR gate

Viy) vzw) | R Q) of| K Mz( 0 of vﬁl’ié’e'?w
0 0 unknown unknown 0
1 0 Ron Rorr 1
0 1 Rorr Ron 1
1 1 unknown unknown 1
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Fig. 6. Output of hybrid logic OR gate

In Figure 6, the 2 bottom graphs are the input values,
red graph is the final output after the 2 inverters, and the top
graph shows the node voltage between two memristor. The
result showed a wrong result for logic OR gate, that is the
input value V1=0 and V2=1 gave an output “0”, which should
be “1”. And this error is happened also for other AND and
XOR gates. It can be seen on top graph (cyan), where the
voltage between two memiristor is increased from 0, and did
not reach to 1V, it stayed at 0.5V. It means, now the two
memristor have the same resistance, although they are
differently biased. Let’s analyze it deeply. Initially, two
memristor had the same resistance, assume Rm. When V1=0
and V2=0, no current is produced and the node between two
memrsitor is certainly “0”. Then, V1=1 and V2=0, the node
voltage between two memristor is increased from 0.5V to 1V
since resistance of M2 is increased from Rm to Ropr and
resistance of M1 decreased from Rm to Ron. When V1=1 and
V2=0, by theory, the resistance of M1 should increase from
Ron (it was Ry last time) to Ropr while resistance of M2
should decrease from Ropp (it was Ropr last time) to Ron.
However, the simulation result showed that the one time input
pulses were only able to increase the resistance of M1 from
Ron to Rm, and decrease the resistance of M2 from Rogr to
Rm. It means, that the memristor may not go directly from
OFF state to ON state with one pulse. Thus, a
recommendation is made to describe the memristor with three
states: ON, OFF and Middle state.

TABLE II. Recommended states for memristor

States \ ON state | Middle state ] OFF state

Resistance { Ron Rm Rorr

At each time, after entering the input values and
obtaining the corresponding output, the memrsitor should be
returned to Middle state, so it can further go either ON state or
OFF state with one pulse. Returning the memristor to Middle
state is possible by applying the inverse values of inputs after
every pulses. For example, if the input value is 1, then O
should be applied after some time. Thus, after every
calculation, the 2 memristors go back to its Middle state,
where they have the same resistance. It is recommended to
convert the inputs to “improved input” values. It looks like to
the Manchester code, but it does not go below 0. For the
output value, only the first half cycle is considered. The
second half cycle is designed to return the memristor to

Middle state. Now, let’s simulate the OR gate again with
improved input values.

TABLE III. Improved input values

Input Improved Input
0 01
1 10

o UTspica V- [Drafs]
JJJJJJJ

I
1

Fig. 7. Output of hybrid logic OR gate with improved input

The simulation results in Figure 7 corresponds the
Logic OR gate behavior. Thus, it is concluded that the
recommended “Middle state” and “Improved input” methods
worked out. With similar method, let’s develop logic AND
and Full adder.

D. Logic AND

M1

I M

I 1 [

A1 A2
V1 . E E
M2
V2
.tran 8

Fig. 8. Hybrid circuit configuration of AND gate
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Fig. 9. Output of hybrid logic AND gate with improved input values
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E. Logic XOR

The XOR is designed using already simulated OR
and AND logic gates.

N
Fig. 11. Hybrid circuit configuration of XOR gate

LTspice IV - [XOR final] - oEm

Lo B orie

M

Fig. 12. Simulation of XOR gate with improved input value

F. Full Adder design

After successfully simulating all the above logic gates,
the Full adder can be designed easily according to logic
scheme below.

Ci 14 s

:j)_w

Fig. 13. The logic diagram of full adder
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Fig. 14. Hybrid circuit configuration of Full Adder
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Fig. 15. Simulation results of Hybrid Full Adder

As seen in Figure 15, the full adder simulation results
correspond the full adder behavior. The Nasrudin is also
designed the hybrid full adder circuit, but the simulation
process was failed [5]. However, in this paper, the full adder
circuit is designed again and the simulation process is
conducted successfully with an improved method. The hybrid
full adder circuit uses 18 memristors and 12 inverters.

IV. CONCLUSION

In this paper, the full adder circuit is designed using
hybrid memristor and CMOS technologies. The memristor
model is based on Bioleks and Biolkova’s design. In the
simulation process, a new method is introduced which uses
“Middle state” and “improved input values”. By applying
proposed method, the simulation results of full adder is
determined successfully.
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Abstract—This paper is aimed on demonstrating the new
method of fast moving object detection conducted with
memristors. Commonly, moving object detection is done by
comparing the features of sample image with the tested one,
which is vastly ineffective at higher rates of image processing due
to its algorithmic complexity and time delays. The memristive
threshold logic circuit design provides the opportunity to speed
up this process.

Keywords—memristor;
BPRT;

object detection; spice simulation;

I. INTRODUCTION

In this paper, we advance toward to moving object-detection
problem. This work will present the new way of frame
matching method with the help of bilevel threshold logic cell.
Also we are going to introduce schematic representation to
object tracking problem that will be able to operate with high
frame rate and high resolution video images.

II. METHOD

In order to find out the difference of the reference and the test
frames, the several parameters need to be applied. There is a
so called BPRT cell, which has voltage value for every pixel

as an input X; (i = 1,2,...,n) to the memristor, for the
reference frame. Each memristor has a weight (conductance)
w, (i = 1,2,...,}’1), which has to be configured dynamically.

Dynamic allocation of  conductance is configured by
comparison of each weight value with the average voltage of

each pixel. It can either be w, , if w, >x_ , or w, , if

.
Furthermore, there is another parameter called

of the

w, <x, .

constant weight, w . To find the output, X

o out
reference frame, the weighted summation model, X, of all
inputs must be calculated. Additionally, the normalized pixel

values must be estimated and represented as an average, X ,
which also serves as the logistic threshold 7, . There is a
condition that must be satisfied, to find the X, .

x,, =1V,ifx, <t, OR

X, =0V, otherwise

It is important to mention that the all the weight
configurations for the reference frame are remembered, for the
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purpose of comparison of it with the test frame. There are two
operations that need to be performed. First one is the
comparison of reference frame conductance values with test
frame, to get the similarities or dissimilarities from the black
to white color change. The same operation is performed for
the second case; however, the normalized pixel values are
inversed, and new reference frame weights are configured.
This is done to find the change in the light to dark color shift,
if any. Consequently, if two frames are different, cell output
can either be 1 V or 0 V, it can be seen by the bilevel voltage
values, if they are the same, that means there is no object in
the test frame, or if voltage values are different, which means
there is a significant difference, and object is detected.

The average of the input values

x, =1/ n(zn: xi]
i=1
The Richard's curve has to be considered, in order to deduce
the expression for w;
w,=w,/(1+be)+w,
Taking be“ = land X, =X

. » the equation for c can be

found

c=—1/(x,logh)
W, = wy /[1+bex”/x"logb)+ w,

The weighted sum model of
n n
X, = [inwiJ/[w” + Z wij
i=1 i=1
Finally, output expression is given below
nx;
—B
be z w;
i=1
n
1+be™” Z X; W,

i=1

logb

N
t{wo +y wl}
i=1

X =

out

where f =
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III. RESULTS

To perform the object detection process, firstly the template
image frame is taken from the video where all the background
objects are stationary, and then the subsequent test image
frame is compared to it. This process requires two parallel
BPRT networks modules, where they separately detect the
white-to-dark and dark-to-white pixel intensity changes. The
whole network is pyramid shaped, thus if we have 4x4 pixel
image every 2x2 pixel pack of it combines into a single cell
resulting in four-cell output module. Then outputs of two
modules will be combined using AND gate. Since completely
similar images will give output of 1V we will be able to see
the changes of two different ones with label OV. The result of
applying different frames can be seen below, where the
change in the output of pixel can be seen as transaction from
1V to OV.

Figure 1. Training of a BRT network for object detection with an input image
of size 4x4 pixels. (Maan, A.K, Memristive Threshold Logic Circuit Design
of Fast Moving Object Detection)
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Figure 2. One memristor simple circuit simulation

The simulation was done in LTSpice software were first
memristors were simulated in a simple circuit illustrated in
figure 2.

w1

x—+F M

W2
x| e

ws X0 | >0~ [Xout_CELL
x3— )

. Figure 3. Example of a BPRT cell that uses a four-input pixel values.

After that, we moved on to simulate BPRT cell using the graph
in figure 3 and formulas explained in method section for Xo,
Xout, Xa. Next, our team tried to simulate the 4x4 pixel image
presented in Maan, A.K’s paper partially illustrated in figure 1.
The schematic was schetched in LTSpice wich can be seen in
figure 4, and the code for derivation of Xo, Xout,Xa was
written on matlab. However, unvortunately we could not
combine those schematic and code to gain a solid simulation.
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Figure 4. LTSPice schematic of 4x4 pixel image

IV. CONCLUSION

In conclusion, memristor features with its ability of much
faster operation compared to other systems where they face
high component delay at high sampling rates. Also
algorithmic simplicity plays at its favor. Our team would also
recommend including RGB identification along with black
and white, to be able to track the change in color too. This
would be useful to watch the transaction of traffic light or fuel
combustion. Additionally, it would also be useful to have
several template images as samples for tested images to be
compared. This would be useful in case you want to neglect or
exclude the detection of some movement. Example would be a
working fan.
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Abstract—The main aim of this project is to verify the work
of the baseline paper by conducting the simulation of the generic
memristive circuit model with parasitic components. The
simulation of the model was conducted and the results were
compared with the experiments from the baseline paper.

Keywords—memristor;
thermistor.

parasitic  components;  SPICE;

I. INTRODUCTION

Nothing is ideal. Despite the successful discovery of
memristors [2], their mathematical modelling [3], promising
features and perspective areas of application [6-9], the studies
about them are mostly theoretical and based on the ideal
prototypes.

The paper, on which this work is based, introduces the
model (Fig. 1), which performs and reproduces the behavior
and characteristics of the real memristor. According to Sah et
al. [1], this may be achieved by adding to the memristor model
four elements (small inductance, capacitance, small DC
voltage and current sources) representing the parasitic effects
of the real memristor. The schematic circuit is given in Fig. 1.

This concept was then checked experimentally on the
Negative-Temperature-Coefficient (NTC) thermistor. As a
result of the experiment, the IV characteristics of the
thermistor were obtained by simulation; however, the
hysteresis loops have not satisfied the zero-crossing feature of
the memristors.

1) im Ic

Lp

%
+ 2

— Ep
T-

Fig. 1. Generic memristor model.
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II. EXPERIMENTAL RESULTS

The simulation of the memristor model [3,4],with and
without the parasitic components, was conducted and the
results were compared with the baseline paper. The main
parameters for the circuit elements for simulation are
E=1.5V, [,=0.5mA, C,=5nF and L,=2mH.

However, some of thesecomponents’ values from the
paper were not applicable for the simulations conducted with
the memristor model, because the results of the simulation
were meaningless. Namely, the SPICE simulations, which
correspond to the authors’ experiments at 0.1Hz or 0.8Hz,
were conducted at 1Hz. Other values were chosen by trial and
error

In addition, it was observed, that minor changes in the
parasitic current and inductance values have no significant
effect on the hysteresis loops; whereas, parasitic voltage and
capacitance values have some limits: V;,,, = 0.03V and
Cax = 6mMF. In more detail, if the voltage exceeds
approximately the value of 0.03V, the hysteresis loop starts to
unreasonably band; on the other hand, continuous decreasing
the voltage leads to the weakening of the parasitic effect. The
same trend is characteristic for the capacitance value: after
excess the value of 6mF, the hysteresis loop starts to fluctuate,
whereas, too low value eliminates the parasitic effect.

The Fig. 2 demonstrates both the work of Sah et al. [1] on
the NTC thermistors (left column) and the IV characteristics
of the memristor model obtained from the conducted
simulations. As it was mentioned, there were some changes in
the components’ values. In the right column are presented the
results of the simulations obtained by both using the baseline
paper’s values and the described close to limits values.

The deviations of the achieved results from the expected
are caused by using completely different models (thermistors
and Verilog-A model of memristor). In contrast to thermistors,
the results of the memristor model simulation satisfy the zero-
crossing characteristics. However, despite the simulations with
the parasitic voltage gave the results and tendencies slightly
similar to the expected ones, the effect of the parasitic
capacitance fell short of expectations.

Copyright (© 2015 SCASA & ICP 2015 Organisers :: Published by Research Publishing
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Fig. 2. The simulation results for a) NTC thermistors conducted by Sah et al. [1], b) memristor model.

III. CONCLUSION

This project has investigated the memristor model with
parasitic components. As a result IV characteristic of the
memristor model with different parasitic component values
were examined. Although the research of Sah et al. [1] was
not verified entirely, the parasitic effect was observed, but
with different values.

In fact, the experimental part of the baseline work was
conducted on the thermistors; however, considering the
successful design of Hewlett-Packard laboratories [5] with the
menmristors, similar studies and calculations may be conducted
on the real memristors and compared with the theoretical
models with parasitic components.
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Abstract—This paper compares two different SPICE models
for memristor device by analyzing pinched hysteresis loops. A
sinusoidal voltage source is applied in order to obtain i-v
characteristics for both models. Then different set of simulations
are done with distinct frequency and initial state values.

Keywords—memvristor, pinched hysteresis loop, SPICE.

I. INTRODUCTION

The fourth passive element, named memristor, was firstly
proposed 44 years ago by circuit theorist Leon Chua. The main
feature of this two-terminal element is that it behaves like a
nonlinear resistance and has nonvolatile memory. [1][7-10].
The first solid-state prototype of the memristor device was
designed at Hewlett-Packard (HP) Laboratories in 2008. [2].

In this paper two memristor models,which were designed in
order to observe application of memristor in microwave
devices, are considered. [3] The scope of this paper is to
compare these two models and identify whether they follow the
same basic characteristics as a memristor in terms of pinched-
hysteresis loop.

II. MEMRISTOR SPICE MODELS

Memiristor is a nonlinear device, which is characterized by
three main properties. [4] [5]. The first feature is zero-crossing
property. Despite the memory effect of memristor, there is no
phase shifts and the output is always zero when the input is
zero. The second important property of the memristor is that
the i-vcharacteristics of the memristor has a form of pinched
hysteresis loop when the bipolar periodic voltage or current is
applied. In addition, one more property is a frequency
response of the pinched hysteresis loop. The area of the
hysteresis shrinks with the increase in frequency of the input
signal and it tends to a straight line at significantly higher
frequencies. The physical model of the memristor can be
expressed with the following mathematical equations [6]:

v© = (Ron 22+ Rorr (1-29))i0 (1)

dow(t) _ a)(t)(D—(u(t)) . Ron
dt - D2 Mv D l(t) (2)

Advances in Memrristor Circuits and Bioinspired Systems
Edited by Alex Pappachen James

whereD is the thickness of titanium dioxide device designed
by HP laboratory, w(t)is the width of doped TiO,.,, Uy, is
dopant mobility, v(t) is the voltage across and i(t) is the
current through the memristor, Ryy and Rygp are on-state and
off-state resistances of the memristor, respectively. By

replacing % with x(t) and u,,Rg—zNWith k, (1) and (2)
become

U(t) = Ropri(t) + (Roy — Ropr) - x - i(t) 3)
0 = x(0)(1 - x(6)) - i(1) @)

x(t)is known as an internal state of the memristor and its
range is located in the interval [0,1].

A. Model A

Fig. 1. Represents the first proposed model that consists of
a voltage-dependent voltage source (VSDS), a low pass filter
(LPF), and buffer. [3]. Operational amplifier (Op-AMP) is
used as an integrator to solve the differential equation (4). In
general, Model A is characterize by the following equation:

Vour(£) = = = [ v (O + Vo ®)

whereV, is the initial applied voltage. For the simulation in
SPICE the following parameters are
used: Roy = 100Q , Rppr = 10k - Q , k=1¥10"2, Rypap =
10°Q. The SPICE code for this model is given in Appendix A.

R cl

|—

V=k*vout*(1-vout)'i

V=i*(Ron-Roff) vout

Fig. 1. Proposed memristor Model A
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B. Model B

Model B, shown on Fig.2, is designed by using an
integrator, consisting of the following components: a
capacitor, a resistor, a current dependent source and a VDVS.
[3]. The same values for parameters, as given in Model A, are
used. The formula for output voltage is given as

1
Voue () = = [ vin (D)t +Vy ©)
'__) Roft
V=k*vout*(1-vout)'i
¢
i V=v
V=i*(Ron-Raff) vout ‘ I

Fig. 2. Proposed memristor Model B

In order to identify whether the proposed models
satisfy the three main properties of the memristor, they
simulated in LTSpice. Taking the same initial state value

III. SIMULATION RESULTS

Models are simulated using LTSpice simulator. In order to
compare two aforementioned models, simulations are done
under the same conditions for frequency and initial state.
Analyzing simulation results, the following observations can
be emphasized:

A. Comparison of Model A and Model B

The graphs obtained show that two models are identical in
terms of frequency response for initial state values between
x(0) = 0.2 andx(0) = 0.8.This can be observed on Figs. 3-6.
In case of initial state (0) = 1, i-v characteristics of two
models are different. Model A does not give any results and
simulation shows error at frequencies higher than 10
MHz.However, Fig. 7. showsthat at small frequency /=100
kHz the pinched hysteresis loopfor Model A becomes a straight
line. Model B also has a linear relation but at higher
frequencies, up to 20 MHz. There is also error at frequency
value 100 MHz.

When x(0) = 1, the memristor is fully doped and acts as a
resistor. The difference between two models when x(0) =
1 can be explained by the different threshold values for
frequency under which they do not change the main
characteristics of linear resistor.

x(0), but changing the frequency of the input signal will give
frequency response curve for both models. Then, x(0) also
can be changed in order to explore the relation between the
initial state and i-v characteristics of the two SPICE models
for different frequency values of the applied sinusoidal signal.

f=100 kHz
f=10 MHz
f=20 MHz
f=100 MHz

Current (A)

0
Voltage (V)

Fig. 4. Simulated transient i-v characteristics of the Model B, where
initial state x=0.2

Current (A)

-0,00015 71—
-1 -0.5 0 0.5 1
Voltage (V)

Fig. 3. Simulated transient i-v characteristics of the Model A, where
initial state x=0.2

0.0004 7 P

0'000375 — 10 Msz
< 0.00029 | — f=20 MHz
:’ 0.00013 | f=100 MHz

0
Voltage (V)

Fig. 5. Simulated transient i-v characteristics of the Model A, where initial
state x=0.8
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0.0004 3 —
0’000375 e f;lﬂ MHZz
< 000023 | — =20 MHz
= 0,00017 | — f=100 MHz

0
Voltage (V)

Fig. 6. Simulated transient i-v characteristics of the Model B, where initial
state x=0.8

0,01

— f=100 kHz

o
o

Current (A)
o

-0,005

'0,01 T T T T 1
-1 -0,5 0.5 1

0
Voltage (V)

Fig. 7. Simulated transient i-v characteristics of the Model A, where initial
state x=1

0.01 7
1] — f=100 kHz
1| — f=10MHz
30,005? — =20 MHz
‘E ]
g 0
S 1
©-0.005
-0,01 = —— e
-1 -0.5 0 0.5

Voltage (V)

Fig. 8. Simulated transient i-v characteristics of the Model B, where initial
state x=1

B. Dependance of i-v cuve on initial state

For the same frequency values but for an arbitrary value of
the initial state, i-v curves of two memristor models obtain
different shapes. As shown on Figs. 3-6, the area of pinched
hysteresis loop expands when x(0) is changed from 0.2 to 0.8.
It can be explained that by increasing the width of doped

regionwe also increase the
RorrandR )y states.

difference between the

C. Dependance of i-v curve on frequency

When both memristor models are simulated by applying
different frequencies of sinusoidal signal, pinched hysteresis
loops shrinks or expands depending on frequency. At very low
frequency /=100 kHz there is no hysteresis because the
resistance has enough time to settle to certain value for each of
the instanteneous values of voltage feeded.

In addition, the slope of hysteresis loop increases in direct
proportion to the frequency. Hence, for high frequency /=100
MHz the conductivity of memristor is also relatively high.
Moreover, the slight vibration during transient time can be
observed in the figures for high frequencies.

8000 7 + + ¢+ v op ot ororoporor ot
0 5e-09 1e-08
Time, (s)

Fig. 9. High and Low level state

The conductive region of the memristor refers to Ron
(LOW) state. The resistive region, acting as an insulator, is
known as Ropr (HIGH) state. The hysteresis loops, obtained
before, can be divided into two sections. The first part includes
two straight lines, corresponding to Ron and Ropp states,
whereas two bending parts refer to transition region between
these two states. Fig. 9.Shows how fast it takes to switch
between these two states whenx(0) = 0.2 and f= 100MHz.

IV. CONCLUSION

In this paper two SPICE models are simulated using
LTSpice. Similarities and differences are identified and
analyzed. Both models satisfy three main properties
corresponding to the memristor. Further work can be
conducted on identifying threshold frequency value for which
the model of memristor behaves as a resistor.

APPENDIX A

SPICE CODE OF THE MEMRISTOR MODEL A

Roff 1 2 10000

V10 1 SINE®© 1 10Meg)

B1 20 V=I(B1)*(-9900)*(V(8))

B2 03 V=V(8)*(1-V(8))*1e12*I(B1)
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Rin4 0 lel2
E15040 1e8

R2 56 1000
C260 1e-20
E270601
R378 1u

R1341
Cl18411C=05V
Rload 8 0 1e6

.tran 0 800ns 0.01ns UIC
.end

APPENDIX B

SPICE CODE OF THE MEMRISTOR MODEL B

* C:\Users\Akina\OneDrive\Documents\Draft4.asc
Roff 1 2 10000

V10 1SINE( 1 100Meg)

B12 0 V=I(B1)*(-9900)*(V(6))

B2 04 V=V(6)*(1-V(6))*1e12*I(B1)
R1401

B3 05 I=I(B2)

Cl0511C=05V

E160051

.tran 0 800ns 0.01ns UIC

.end

(4]
[5]

(6]

(7]
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Abstract — In Kazakhstan, bus operating companies traditionally
hire bus conductors for manual fare collection from the passengers.
However, the control of correspondence of the produced revenue
with the issued tickets by the conductor is a critical problem. As a
result of controller injustice the bus companies might receive less
revenue, and respectively, pay less amount of governmental tax.
Also, it might result in imprecise bus scheduling and route
management. Therefore, the passenger flow count is a crucial
concern for bus companies. This research paper presents the
concept and algorithm of developed application for passenger flow
count in the bus. This project aims to create an object recognition
application which will automatically count the number of
passengers entering the bus. We used C++ language and OpenCV
library to create passengers recognition application which uses the
video cameras. A method which will be applied to detect
passengers for this application is the background subtraction. As a
result, the application will be developed which will automatically
count the passengers getting on a bus transit systems in the cities of
Kazakhstan. Consequently, the issued tickets will be checked by
the number of passengers in the bus during the bus working hours.
Indeed, this project will expand the application areas of OpenCV
library.

Keywords—object recognition, OpenCV library, passenger
count

I. INTRODUCTION

Nowadays, buses are one of the most common
types of public transportation within the cities of
Kazakhstan. For instance, the bus services of Astana city are
required to provide services for ten thousands of people
every day since there are no any other public transportation
services for residents. Moreover, this type of transportation
is convenient and comparatively inexpensive. However,
since bus companies hire bus conductors for manual fare
collection from the passengers they are incapable to control
conductors from embezzlement of company revenue. In
fact, the bus companies can only check the passenger tickets
during bus working hours by hiring extra employees which
is economically inefficient. At the present time, many cases
are identified where conductors do not provide ticket in
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response for passenger fare payment. Certainly, such actions
negatively impact on the budget of the company and, as a
result of less collected revenue the bus companies receive
incorrect statistics about number of passengers. It might lead
to inaccurate bus timetable and route management which
will possibly be problematic for local people. Therefore, an
application could be technologically advanced to verify the
number of passengers in the bus.

The project can be developed based on software
applications. This technique is more effective in comparison
with detecting sensors since computer applications can
process more data and details [4]. According to Mukherjee
et al. [3], the usage of video cameras is the most
technologically advanced counting method, however, the
installation and maintenance costs of this technology are
comparatively high. Therefore, the motivation of this project
is to develop an application for buses with existing vertical
cameras and for buses with single operating entrance for
economic efficiency.

The purpose of this project is to develop an
application which will automatically count the passengers
getting on a bus in the cities of Kazakhstan. The project can
be employed in other application areas such as object
tracking, congestion control and similar object counting
projects. Our main contribution is the advancement of
passenger count algorithm and logic.

II. METHODOLOGY

This project aimed to develop a method for
counting the number of passengers entering the bus. In order
to implement this project idea the application was developed
by using C++ program and OpenCV library. The process of
project implementation can be divided into several steps.

A. Video capture

Firstly, the video camera should be vertically installed at
the entrance of the bus. Hence, a real-time captured video
will be sent to the central processing unit where the
application runs [4]. During the program development
stages we examined the video files with objects shift.
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B. Background Subtraction

After starting the video capture from the web camera
and receiving data, a background subtraction is carried out
by applying ‘BackgroundSubtractorMOG2’ function in
OpenCV library. In this method the moving foreground,
passengers, will be extracted from the static background [1].
The performance of background subtraction can be greatly
improved by Mixture of Gaussians (MOG) because of its
ability to adapt to a change of the background [5]. Thus, the
extracted object foreground mask is stored in a separate
window.

C. Reducing noise and separating objects

In order to reduce noise (small objects) and separate
objects a morphological opening and a morphological
closing techniques are applied. Indeed, these methods
employ ‘erode’ and ‘delete’ functions of OpenCV library.
‘Erode’ replaces the current pixel with the minimum pixel
value found from pixels nearby, whereas, ‘dilate’ replaces
the current pixel with the maximum pixel found from pixels
nearby [2].

Likewise, ‘GaussianBlur’ function can be applied for the
same purpose instead of previously mentioned techniques.

D. Removing shadows

At this stage we delete shadows of the objects by
‘threshold” function (setting threshold value so that it
removes gray tracks).

E. Defining object contours

Now, the moving objects are tracked by assigning
boundary contours. With the aim of carrying out this step
the function ‘findContours’ of OpenCV library was used
which extracts object connected with a set of pixels in a
binary image [2].

We designate a rectangle shapes around the displacing
objects with the intention of motion observation. Moreover,
‘if” condition was stated so that for the further analysis
continuation the detected object’s rectangle area or contour
size must be larger than particular appointed value (to
disregard smaller objects). Therefore, the rectangle shapes
will merely be allocated to the objects with greater
dimensions than the threshold by using ‘rectangle’ function.

F. Determining mass center

After drawing the rectangle shapes a mass center of the
moving object is defined by calculating the contour
moments, and we illustrate this point in the frame by using
‘circle’ function.

G. Counting detected objects

Finally, it is aimed to count the number of moving
objects. For this purpose we allocate the region (red
rectangle with the range of 10 pixels) on the frame, this will
be the range of interest. It is considered that two or more
objects might cross the region simultaneously, therefore, we
allocated four parallel regions to count objects at the same
time. The width of each region was adjusted with respect to

approximate dimensions of single person. Moreover, each
region was virtually split into two parts in order to check in
which direction the passenger moves since it is targeted to
count only entering passengers. As soon as the centroid
coordinates of the object cross the range of interest, ‘if’
condition checks whether the y coordinate value of the
object centroid is bigger or smaller than the y coordinate of
the region of interest’s center. The logic behind this idea is
that the centroid of any object appears several times in the
region since the region range is quite large, and the first
centroid entered the region will anyway cross one of the
halves of range. If it is bigger, we consider it as entering
object, and the counter is activated and the coordinates of
the centroid are stored, otherwise, the object is not counted,
but the coordinates of the centroid are also stored.
Furthermore, at the end of each frame we define condition
where the coordinates of the centroid will be checked in
order to know if the object is inside the range so far or not,
if so, the counter will not count the same object twice or
more in the range.

Figure 1 represents the flowchart of the
implementations.

Figure 1. The flowchart of the algorithm.

III. RESULTS AND ANALYSIS OF DATA

This part of the paper provides obtained results of
the project implementation and analysis of these data.



Figure 2. The screenshot of the foreground mask window.

Figure 3. The screenshot of the foreground mask with removed
shadow window.

Figure 4. The screenshot 6fthe original frame.
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Figure 5. The screenshot of the original frame.

This project aimed to develop C++ code by using
OpenCV library which counts the number of passengers
entering the bus. Pursuant to methodology the application
was developed and it was programmed to detect and count
people when they pass through the virtual region. From the
project results we came to the conclusion that the
application fulfills our targets — it is able to capture video,
implement background subtraction, reduce noise and
separate objects, remove shadows from the foreground
mask, define the object contours and mass center, and
finally, it is able to count entering passengers.

A window represented in Figure 2 shows the video
frame with the foreground mask of the object. This
foreground mask was achieved through
‘BackgroundSubtractorMOG2’ function. As it can be seen
from this image the frame contains noise, disturbances and
shadows. Figure 3 illustrates the foreground mask with
removed shadow, reduced noise and eliminated holes. This
frame was used to calculate the object’s contour and center
mass. Figure 4 shows the original frame with rectangle
shapes around the moving objects for observation, green
colored centroid, red colored regions of interest for
counting, and displayed number of entered passengers.
Figure 5 represents the case when the object centroid is
inside the range of interest. According to this picture it can
be referred that when the counter was activated, the region
modified its color to green.

During the project development stages problems
occurred when two passengers crossed the region
simultaneously and program counted them as one person.
The problem was solved by drawing 4 parallel virtual
regions so that only one passenger can cross one of the
virtual regions at a time. Also, the application counted both
entering and leaving passengers, yet it was required to count
only number of entered passengers. The problem was fixed
by inspecting the object centroid coordinate in the virtual
region so, we can define in which direction the object
moves.
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Nevertheless, a problem occurs when the intensity
of the light significantly varies since the background
subtraction technique is sensitive to light changes. This
problem can be solved by detecting objects in a static
condition and adjusting application to both daytime and
nighttime bus light conditions [4].

Moreover, since the method of this project is based
on object detection, in addition to people count this
application computes objects with significant size. Yet, this
issue was ignored due to the fact that large objects must also
be provided with tickets.

IV. CONCLUSION

In conclusion, after implementing research
methodology we could obtain simulation results. According
to the results it might be said that the application can capture
video, implement background subtraction, reduce noise and
separate objects, remove shadows from the foreground
mask, define the object contours and mass center, and it
counts only entering passengers. The limitations of the
project are the sensitivity of the method on light conditions,
some possible errors when two passengers pass the region
very close, and that it might be efficient only for busses with
single operating door. For the future similar projects it is
recommended to develop a count method which can
differentiate and count people based on human head
parameters.
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Abstract—Memristors are conceived to be the fourth electronic
component and circuits based on them are gaining attention in
diverse application areas. The use of memristors is a major
advancement towards creating efficient non-volatile memories.
This overview provides the potential uses of our methods of using
memristor in the implementation of threshold logic for solving
different problems in image processing, logic gates and pattern
matching.

Index Terms—Memristor, Threshold Logic, Neuromorphic Cir-
cuits.

I. BACKGROUND

In addition to the very known basic electronic components
like resistors, capacitors and inductors, a fourth component
named Memristor was developed in 1971 by Leon Chua [1].
The capability of remembering or storing data in terms of re-
sistance values is the main characteristic feature of memristors.
This feature contributes to the development of non-volatile
memories [2].

II. APPLICATIONS OF MEMRISTORS IN COMPUTING AND
PATTERN RECOGNITION

The ability of memristors to accomodate so many different
states or configurations makes it a useful candidate in learning
based systems. Here we take a brief survey of prospective
application areas where memristors can play a useful role.
This article emphasizes the suitability of memristors in few
of the learning architectures which are based on a neuron-like
processing unit proposed in [3].

R V. M, \%
V1 1 dd V1 1 dd

R M.
Ve : Vo Ve A Vo

! Vout ! Vout
Vo Ro V, gt Mo

(a) (b)

Fig. 1. The (a) cognitive cell proposed in [3] and its (b) memristor based
counterpart.

In [3], a hardware based memory cell is proposed for
solving cognitive tasks. The proposed memory cell based
architecture proves to be capable of avoiding the crossover
wirings required in a neural network and it achieves the same
functionality as of a neural network. Unlike other hardware
based learning systems, the cell proposed in [3] does not
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require several iterations in order to learn a pattern but uses
a bi-state weight model for quick learning. The learning
potential of that architecture can be further improved if the
bi-state model is extended to an n-state weight model using
memristors. This may be achieved at the cost of additional
driving/control circuits for the memristors.

A universal NOR gate using the cognitive cell is presented
in [4]. In [5], the idea of cognitive cells were utilized for locat-
ing lesion probable regions in film mammography. Here, the
cognitive cell parameters were adjusted according to the local
and global input image statistic. In [6], [7], novel cognitive cell
based architectures are used to find edges in digital/analog
images. It was observed that the edge response obtained
(Figure. 2(a)) by the use of cognitive cells was satisfactory.
Exploiting the advantage of high processing speeds offered
by cognitive cell based learning, the work in [8] proposed a
method for real-time processing of medical data. The input
considered were intraoperative MRI images (Figure. 2(c))
and they were processed to generate the heart activity graph
(Figure. 2(d)).

Later in [9], the architecture proposed in [3] was studied
for memristors. They studied memristor based architectures
for implementing digital logic gates. Having the basic gates
implemented using memristors, we can develop systems that
perform higher level computing at great speeds. The work
illustrated in [10] is an example proving that memristor based
systems can be deployed for performing complex cognitive
tasks like object detection and tracking shown in Figure.2(b).

The work in [11], proposes an implementation of Fast
Fourier Transform and Vedic Multiplication using memristors.
They highlighted the importance of memristors by reporting
the lower chip area, THD and controllable leakage power.

III. CONCLUSION

We covered a brief summary of memristors used in pattern
recognition applications. The combination of cognitive cells
with memristors seems to be a promising turn to achieve
better speed and accuracy. In other words, the advantages of
memristors like speed are fully utilized only in those learning
systems that offer less training time.
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The model of TiO2 metal-oxide-metal memristor
based on device’s physical parameters
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Abstract— memristor (short for memory resistor) is the
fundamental electronic device theoretically proposed by Chua in
[1] and physically designed in HP labs [2]. The invention of
physical memristor caused the significant interest among
researchers. Many attempts for creation of precise device model
were made [3, 4]. The new approach for memristor modeling was
proposed basing on the device’s dimensions and material
properties. The findings reveal interesting relations such as the
nonlinear relationship between the device area and the width of
pinched hysteresis loop and positive relationship between
resistivity of the device and the are inside the pinched-hysteresis
loop.

Keywords—memristor; SPICE modeling;
Introduction

The memristor devices have the large potential for future
implementation in integrated circuits. As the modern CMOS
technology approaches to the technical limit of density, a
newly invented memristor that can be scaled up to 4 nm is very
promising [5]. Many papers have proposed the usage of
memristor is sensors, oscillators, neural systems, etc. Thus, the
study of properties of this new device is very important for the
future technology development. However, the literature review
did not reveal any research on the memristor model
considering the device physical parameters such as dimensions
and material properties. This paper is intended to create the
such model and to investigate the relationship between the
device behavior and its physical parameters.

1. IDEAL MEMRISTOR MODEL EQUATIONS

The main parameter of the device is memristance that
relates the parameters of magnetic flux induced by current
through device and charge that have passed through device (1).

dy
M = (€Y

The unit of memristance is the same as for the resistance as
memristance relates the time derivatives of the voltage and
current.

The physical realization of the device is shown on figure 1
below [6]. Two terminals of memristor are separated by the
specific material (e.g. titanium dioxide) whose passive
electrical properties can be changed. There are two regions in
the memristor: the doped region that has low resistance Ryy
and the undoped region that has large resistance Rypp. By
applying the voltage, to the device terminal, the width w of the
doped region can be increased or reduced, that changes the
device resistance value. Mathematically:
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M =R0N%+R0FF (1—%)

M(x) = Ronx + Ropr(1 —x) (2)

where D is the total length of the device. The term w/D is
often replaced by x (0 < x < 1) and the difference between
Ropr and Ryy is replaced by AR that transforms equation 2
into:

M = Ronx + Ropp(1 — x) = Ropr — X(Ropr — Ron)
M = Ropr — xR (3)

where AR represents the difference between resistances in
OFF and ON states.

According to [3], the rate of change of the doped region
width to the total length ratio is given as:

dx

2 = @O () 3)
I
k=07

where iy, is current through memristor, u, is the dopant
mobility (treated as constant at the value of approximately
107 *m?s71V 1) and f(x) is window function that models
the nonlinear dopant drift. From (3) it can be suggested that the
physical meaning of the window function is the relationship
between the rate of change of the doped region width and the
doped region width itself.

Doped Undoped

“AMAM—

RON wiD ROFF“ -wiD )

Fig. 1. Memristor coupled-variable resistor model

The existing models of window function include Strukov
[2], Joklegar [7], Biolek [3] and Prodromakis [8] window
function models and are presented below:

Strukov: f(x) = x — x?

Copyright (© 2015 SCASA & ICP 2015 Organisers :: Published by Research Publishing
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Joklegar: f(x) =1 — (2x — 1)?
Biolek: f(x) =1 — (x - sgn(—i(t)))zp
Prodromakis: f(x) =1 — ((x — 0.5)% + 0.75)?

All the presented models are defined between x = 0 and
x = 1. All of them, except Biolek’s model, hold maximum
value at x = 0.5 and the zero value at the boundaries (x = 0
and x = 1). The plots of the above equations are presented on
figure 2. Biolek’s model has nonsymmetrical shape because the
model takes direction of current into consideration.

Strukov model

Joklegar model

Prodromakis model

Fig.2. Comparison of the proposed window functions

Strukov’s model provides the general understanding of the
nonlinear dopant flow. However, due to the absence of control
parameter, the model precision is reduced.

It can be seen from figure 2 that the larger value of the
exponential term p causes the overall increase in the window

function value. In addition, the larger value of p corresponds to
the faster rise of window function to its maximum value. Thus,
with the increase in p, the memristor switching time from Ryy
to Rypp decreases. This trend increases the highest frequency
of the voltage source at which the memristor’s IV characteristic
can remain a pinched-hysteresis loop.

The significant disadvantage of Joklegar and Biolek models
is the requirement for p to be the natural number. Prodromakis
model eliminates this disadvantage by allowing p to be any real
positive number and, thus, allowing greater extent of
flexibility. For the sake of robustness and flexibility, the
Prodromakis window function model will be used for the
analysis further in this paper.

II. PHYSICAL MODEL OF METAL-OXIDE-METAL MEMRISTOR

The memristor model taking parasitic effects into
consideration was proposed in [9]. The model consists of the
capacitor and current source in parallel with the ideal
memristor, inductor and battery are connected in series with
the above circuit. However, it was pointed in [9] that the
parasitic current source and parasitic voltage sources can be
neglected in real memristive devices. Therefore, these devices
were excluded from the model and the reduced model is
presented on fig. 3.

v(Y)

D

i
L
"_m_" Lp

M(x)

Fig.3. Memristor model with parasitic parameters

Two equations of the device are found using KVL:

d
V() = i (OME) + Ly o (4)

1 t
ME@iy© = ¢ [ ic@dt )
»J0

where i is current through the inductor, i, is current
through capacitor. Differentiating both sides of Eq.5 we get:
diy dM (x) dx

) 1.
M(X)E‘i_lMTE —C—p(l—lm) (6)

Here we note that memristance is function of time, so, its
differentiation was performed using chain rule. It should be
noted that the x-derivative of memristance function is constant

for the currently used model:
dM (x) _

= Ron — Ropr = const

indicating the reduction of memristance with the increase
of x. Rearranging Eq.4 and 6 and combining with Eq.3 we get:
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di 1 .

—= E(V(t) —iy(OM)) (7)
diy _i(@®) —in(®) dM(x)
@ e MO0 ®

Equations 3, 7 and 8 together comprise the system of three
ODEs with three unknowns.

For further analysis, the physical structure of memristor
was considered. Metal-oxide-metal memristor consists of two
metal plates separated by dielectric. The equivalent parasitic
capacitance, thus, is given by:

€9 A
Cp==2— (9

Where, €, is permittivity of free space, €, is relative
permittivity of undoped region and A is the cross-sectional
area of the device. In modern integrated circuits, the
conducting devices usually have high width-to-length ratios,
therefore, the capacitance of the device may be significant
enough to affect circuit behavior.

Using, similar approach, the memristance of the device can
be calculated from physical parameters as well. Expanding
Eq.2 using physical parameters, the following equation for
memristance is obtained:

D D
M(x) = Royx + Ropr(1 — %) = p%x +p"%(1 —x)

D
M(x) = Z(pOF‘F + x(pon — pOFF)) (10)

The equation of inductance is largely dependent on the
shape of the device. The shape of the device is assumed to be
square with width a as the most probable device shape in
crossbar array. The inductance of conducting bar with
rectangular cross-section was approximated in [10] as:

2Dy, 2D T
by = o7 (1n(5) = 1+7)
where p,. is relative permeability of material and r is the
geometric mean distance of the bar cross-section that is equal
to 0.447a for square.

It should be noted that the model does not include the
external effects such as mutual coupling and inter-device
capacitance. In case of highly dense placement of elements on
the integrated circuit, these effects should also be taken into
account.

III. EFFECTS OF THE DEVICE PARAMETERS

The above model of the memristor was simulated using
LTSPICE. The netlist codes are provided in the Appendix 1
and the R1 memristor model provided by [3] with the
Prodromakis window function was used for analysis. Initially,
the device’s physical parameters were set as: a = 223um,
porr = 1M -m, poy = 5k -m, €, = 226, V,, = 1.5V,

f =2Hz,v(t) = Vy,sin 2rft), u, = 1.

The results obtained during the simulation are shown on

fig.4.
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Fig.4. IV characteristics of memristor with initial conditions

It can be seen from figure, that the pinch of intersection of
IV curve with itself (pinch point) has been distorted from the
zero point. The loop intersection is located in the first quadrant
at point (0.195V, 1.70uA). The reason for the shifted position
of the hysteresis loop is the effect of capacitance discussed
widely in [9]. As the parasitic capacitance increases, the pinch
point shifts from zero point to the first quadrant. At extremely
high capacitance, the IV-curve can become ellipse-shaped, i.e.
lose the pinch point.

The effect of parasitic inductance is opposite to the effect
of parasitic capacitance. The parasitic inductance causes pinch
point to move towards the third quadrant. Therefore, the
movement of the pinch point toward the first quadrant is due
to the capacitive effect, whereas motion toward the third
quadrant is due to the inductive effect.

A. Effects of the area change

In order to investigate the effect of memristor’s area
change the simulations were conducted with changing the
values of a. The figure 5 shows the IV-characteristics of
memristor with a = 1.784mm.

5004

400p
300p >

20048 =
100y
< o0
~100yr
~200)r

-3004 =

-400p =
~5004r Z

-14-12 -1 -08-06-04-02 0 02 04 06 08 1

1.2 14

v(v)
Fig.5. IV characteristics of memristor with a = 1.784mm

It can be seen, that the current through the memristor
increased, R,, and R,s; decreased, C, and L, increased, and
the pinch point has been shifted further from the zero point to
point (0.61V,210.754).

Next, the value of a was reduced below the initial value to
a = 158um. The results are shown on fig.6.
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Fig.6. IV characteristics of memristor with a = 158um

Observations indicate that the pinch point has firstly been
shifted out of the zero point and then disappeared due to
parasitic effects. From the analysis of three figures, it can be
concluded that the pinch point deviation from zero point has
nonlinear relationship with device area. There is a value of
area for which the pinch point deviation is minimum. When
the device size is increased, the parasitic effects become more
considerable. The interesting finding is that because of the
reduction with area, parasitic capacitance reduces, whereas its
impact on the device behavior may increase. This effect may
put limitations on the device size.

B. Effects of the length change

Similar approach as in part A was used to investigate the
effect of the device length on the memristor IV characteristics.
The initial conditions were set to all parameters. The
simulation was conducted twice with length of device adjusted
to D = 50nm and D = 5nm. The results of simulations are
shown on fig. 7 and fig.8
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Fig.7. IV characteristics of memristor with D = 500nm
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Fig.8. IV characteristics of memristor with D = 50nm
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The simulation results demonstrate that generally, the
length of the device has weak positive relationship with the
device’s pinch point voltage. The pinch voltage increased
1.34V at D = S5nmto 0.27V at D = 500nm. As expected, the
current demonstrated negative relationship with the device
length due to increase in Ry and Rypr. Inductance did not
vary considerably throughout the simulations, whereas, the
capacitance reduced with the device length.

C. Effects of the resistivity changes

The electrical resistivity of the titanium dioxide may vary
largely due to external and internal reasons. The increase in
temperature can reduce resistivity of the device [11]. The
presence of Magnéli phases of titanium oxide may also affect
the electrical properties of the memristor [12]. The device
parameters were set to initial conditions, with changes in the
resistivity of OFF and ON states.

5
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Fig.10. IV characteristics of memristor with pyrr = 2M02m and pyy =
S5k0m
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Fig.11. IV characteristics of memristor with pyrr = 2M02m and pyy =
10k2m
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Fig.15. IV characteristics of memristor with pypr = 0.5M02m and
Pon = 2.5k0m
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Several observations can be noted from the above plots.
Firstly, the value of pyy affects the area inside the pinched-
hysteresis loop. Reader may notice that the value of the pyy
on the fig.11,12,13 is constant, whereas, the pyrr reduces. As
the porr takes lower values, the pinched loop width reduces to
minimum and then increases. The area close to minimum for
Pon = 2.5k0Qm is shown on the fig. 15. As the pypr increases,
the area of the loop increases as well.

Secondly, the increase of pypp increases the area inside the
hysteresis loop. The gradual widening of the loop can be seen
at fig. 15, 16 and 17.

Thirdly, the pinch point moves closer to 0 with the
reduction of pyy that can be seen at fig. 12 and 16. While
Porr Stays constant, the pinch point moves closer to zero as
the poy reduces.

IV. CONCLUSION AND FURTHER WORK

The paper proposes the new perspective of analysis of the
memristor, where, the physical parameters of the device are
studied, rather than electrical elements. The effects of the
physical dimensions and material properties on the IV-
characteristics were demonstrated. The analysis included the
effect of parasitic capacitance and inductance.

Several findings can be noted from the above discussion.
Firstly, the analysis showed that the pinch point distance from
zero point nonlinearly depends on the device area. There is an
optimal area of the device for which the effects of parasitics
are minimized. If the area increases or decreases from this
value, the parasitic effects may become dominant in the
circuit. Secondly, despite the increase of the capacitance, the
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effect of capacitance on the circuit reduce with the device
cross-sectional area. Thirdly, the device length weakly
affected the pinch point, whereas, the current values were
affected the most. The current through the device generally
reduced with the device length. Finally, the variation of
memristor resistivity causes the set of interesting effects, such
as widening of hysteresis loop with the increase in pyy and
porr and motion of pinch point further from zero point with
the increase in pgy.

The accurate model considering first-order parasitic effects
was presented. The scope of the model is limited to the metal-
oxide-metal memristor, and is intended to give the accurate
results for the particular device dimensions.

As the further development of this model, the second-order
effects may be considered in future models, such as
temperature effects and the variable capacitance and
inductance, that would give even more accurate results than
the model presented in this paper.
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VI. APPENDIX

V1l N0O1 0 SINE(O 1.5 2 0 0 50)

XUl NOO1 NOO2 memristor

C1l NOO1 NOO2 19.89259458n Rser=0.00001
L1 NO0O2 0 425.100841760448n

.tran .2s 50s 30s
.lib/Memristor.txt
.backanno

.end
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The real-time heart rate monitoring using fingertip

and its application in health care
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Following sedentary lifestyle leads to undesirable health
problems of different kinds starting from rachiocampsis (i.e.
curvature of backbone) and ending with such serious diseases as
obesity or spinal hernia. This is a widespread issue because in the
XXI century most types of the jobs are office oriented and the
employees spend most of the time in static, sitting position. Our
contribution to solve this problem consists of an innovative idea to
modify ordinary vending machines by installing a system, which
will offer products with decreased prices in substitution to
performing physical exercises, and verify this by monitoring the
change in the heart rate. This modification is an optimal solution to
the health problems, as performing physical exercises is considered
to be the easiest way to prevent diseases and probably it will
increase productivity of the employees.

Keywords — health; vending machine; OpenCV; heart rate;
threshold; noise reduction; sedentary lifestyle;

I. INTRODUCTION

With technology development most of the professions
became computer oriented. Consequently, people spend
approximately 7-8 hours per day sitting in front of the
computer without changing their position. In most, this leads
to different health issues starting from rachiocampsis (i.e.
curvature of backbone) and ending with such serious disease
as obesity or spinal hernia [1]. One of the possible preventing
measures is to perform periodically physical exercises.

This article describes a new system designed to be installed
in ordinary vending machines, which will provide an
opportunity to get a discount for goods instead of workout
exercises.

Here you can see our contribution list:

e We choose heart rate as a control tool for the
application. Particularly, it will examine the values of
heartbeat before and after exercises were performed to
check the feasibility of the change.

e The system detects pulse through a fingertip, as this
method requires no additional tools except a video
camera. Its innovative feature of the unique
methodology is described in Section II.
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e Real-time video capture is modified by applying
several image processing techniques of OpenCV
library such as color conversion, threshold and noise
reduction.

e  We constructed a five stage algorithm based on “if-
else” operation statements to monitor fluctuations of
video brightness due to inflow and outflow of blood in
a finger and to display the value of the heart rate as the
output.

II. METHODOLOGY

A. Video acquisition

Firstly, the program initiates real time video acquiring
through an available camera, which was HP laptop webcam in
our case. During the process a finger has to be in touch with
the camera, but the contact should not be too strong in order to
allow blood circulation. Due to the fact that fingers are not
completely opaque, some portion of light will pass through,
namely red spectrum of light will be detected by the camera.
On the output, we will have a red image with fluctuating
brightness. The theory behind it is when blood flows into a
finger, its light transmittance decreases and vice versa. Sample
image can be seen on the fig. 1.

Figure 1. The light transmittance with blood outflow

Copyright (© 2015 SCASA & ICP 2015 Organisers :: Published by Research Publishing
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Figure 2. Sample frame converted to black and white colors
B. Black-white conversion

The frames are converted to black-white version for
convenience in the further steps in terms of selecting definite
colors. The output of the step is seen on the fig.2.

The intensity of the pixels in the image is ranging from O to
255, where 0 means completely black pixel and 255
corresponds  to  completely white pixel. Graphical
representation is shown on the fig. 3.

C. Band-pass filtering

Now we need to apply band pass filtering to the video in
order to cut off the relative dark sides and clearly observe the
occurring changes. The level of threshold depends upon the
illumination level of the environment. During the program
examination illumination level was reasonable and the value
to 100 out of 255 was selected based on the experimental data.
Therefore, if a pixel has the intensity value below 100 it will
be changed to 0 and, reciprocally, if the value is greater than
100 it will be set to the maximum of 255 (see fig. 4).

D. Noise reduction

Our calculation steps are related to obtaining the amount of
white pixels every frame and counting the up and down peaks
in the sequence of numbers. Considering the fact, this
arrangement of pixels in frames is not efficient to use because
of noise effect at the borderlines.

Figure 3. The intensity of the black-white pixels ranging from 0 to 255

Figure 4. Sample frame with implemented band-pass filtering

Therefore, noise reduction technique has to be
implemented before the actual heart rate calculation step. This
is done by collecting groups of similar pixels into blocks and
rejecting the one that are not included. Finally, the final
frames we are working with appear to be as it is shown on the
fig. 5.

E. Algorithm implementation

At the part image processing process turns to heart rate
calculation process. The key point of this method is in
measuring the amount of white pixels in every frame and
process the sequence of numbers such that the program adds
one every time when the sequence reaches local maximum or
local minimum. The effect is achieved by implementing 4
variables and 5 “if-else” statements. Using special function
related to time counting the process lasts 20 seconds.
Resulting number of heartbeat is multiplied by 3, in order to
display the heart rate value in terms of beats per minute.
Additionally mathematical operator ‘ceil” was used in order to
round up answer due to the fact that inside the calculation
process the heart beat counter is divided by 2 and the output is
designed to consist of whole numbers only. After the first trial
“exercises” which the user desires to do will executed and the
value will be calculated again. The system provides discount if
the difference between the final and initial heart beat values is
greater than or equal to 15. The number is chosen based on the
experimental data.

Figure 5. Sample frame with implemented noise reduction technique
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Finally, in order to use the software installed in a vending
machine, its hardware has to be adapted for the software
specifications and an additional hardware component, in terms
of low-end camera, has to be supplemented.

III. RESULTS AND ANALYSIS OF DATA

We organized a survey consisting in total of 10 people to
examine the application. The test was conducted in the room
with good artificial illumination. All volunteers were students
roughly within the same age, ranging from 19-22 years. In our
trials we used HP ENVY 15 Notebook PC (2.40GHz, Intel®
Core™ i7-4700MQ CPU) running Windows 8.1 and Ceemple
software version 1.0.3. The camera which was used to capture
video was HP Truevision HD, installed in the laptop. The
results obtained from the computer were compared to manual
estimation of the heart rate.

During the measurement all volunteers were sitting in the
same position. They sat right in front of the computer, putting
a thumb of a right hand on the camera. Manual computations
were done by the one person, who placed two fingers on the
inside of the wrist and gently pressed the vein, until the
heartbeat could be perceived and then estimated.

Results of conducted test are presented in Table 1, where
‘A’ and ‘M’ are attempts made by our application and by the
manual estimation correspondingly. All volunteers completed
three successful trials using both methods with duration of
each trial equal to 20 seconds. The absolute errors vary from
1.22 bmp to 3.67 bmp, with average error equal to 2.13 bpm.
Therefore, the application can be considered to be accurate
enough to detect pulse change.

TABLE I. The Heart rate measurement using application and manual

methods
Using our Using manual
application (bpm) calculations (bpm) Absolute

Error

No Al A2 A3 Ml M2 M3
1 71 72 72 74 74 73 2,00
2 78 84 81 83 79 82 3,67
3 63 65 62 66 64 64 2,00
4 54 51 53 52 50 51 1,67
5 66 64 68 65 64 65 1,33
6 74 77 75 73 73 74 2,00
7 68 71 69 69 68 70 1,67
8 65 69 68 67 65 66 2,67
9 71 67 72 70 68 69 1,67
10 73 78 71 74 75 75 2,67

Average 2,13
Error : bmp

IV. SUMMARY. CONCLUSIONS AND
RECOMMENDATIONS

One of the important aspects of our project is the
limitations that we faced during the software design process.
First of all, due to the fact that the accuracy of the results
based on the detected white circle-shaped area strictly depends
on the illumination of the environment. The problem can be
solved by mounting a specific light source so that the output
will not be dependent on the light intensity of the
environment. Secondly, sampling frequency of the used
camera should be much greater than average heart rate in
order to prevent missing out a pulse. Thirdly, people with
heart diseases (e.g. with too high or low heartbeat) will not be
allowed to use our application.

The application can be further modified by applying more
advanced image processing, e.g. fill the circle type shapes up
to complete circles in order to achieve steady changes of the
amount of white pixels.
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Abstract—The work describes the various methods of mem-
ristor modeling and simulation in the MATLAB® and Simulink®
environment. Previously published papers about memristors and
their features are used as the foundation of the work. There
are three various methods used in the MATLAB and Simulink
for the differential and other equations formulation. The first
equation uses the standard system core offer for the Ordinary
Differential Equations solutions (ODE) in the m-file form. The
second solution is the model construction in Simulink environ-
ment. The third method includes a physical modeling using the
built-in Simscape™ system. The results are the basic memristor
characteristics and appropriate time courses. The characteristics
of all models and their computer simulations are described in
the paper.

I. INTRODUCTION

Initially, there were 3 basic passive elements - resistors,
inductors and capacitors in the modern analogue electronics,
see Fig. 1. Based on the square symmetry, another element

o=1li) q=f0v)

v=f(i)
Fig. 1: The passive element parameters definition.
called memristor (memory resistor) was presented in 1971,
according to [1]. Leon Chua summarizes the four elementary
passive elements, follow Fig. 2.

It contains of a direct connection between flux and a charge.
In other words, memristors show that resistance is dependent
on a passing charge. As a results, it can be seen that memristors
do not need any energy to keep data in terms of recording and
reading. Therefore, the fourth passive element is able to hold
information about the net amount of charge gone through. The
resistance of memristor can be varied constantly with current
within certain limits.

The first real memristor was built by Hewlett-Packard (HP)
scientist in 2008 [2]. Its nano-part was made of titanium oxide
with size of 10 to 30 nanometers hold between two platinum
electrodes. The titan layer does not have oxygen atoms that
make it to behave as a semiconductor. The other part acts as
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Fig. 2: The ‘memristor and a passive elements quaternion.

an insulator. The main functioning principle of memristor is
that semiconductor layers width changes when current passes.

The main purpose of the paper is to evaluate the memristor
through modeling it in MATLAB and Simulink.

II. MATHEMATICAL MEMRISTOR MODEL

The mathematical memristor model, which was taken from
[3], explains the substance of the models.

The basic geometrical image of a manufactured memristor
is represented in Fig.3. Thickness of the whole component is
marked with D, the thickness of the doped layer with w. Its
value is though dependent on the passing current (memory
effect with regard to the total charge). In Fig.3, D is the
thickness of memristor; W - the width region, which is a
function of current flowing through (memory effect).

doped | undoped

D

it

2%

Fig. 3: Basic geometrical image of the memristor according
to HP laboratories.

The exciting voltage is derived from Ohm’s Law:
0(t) = Rpem (2)i(t) Y]

Rpem - total resistance of doped and undoped region; x =
w/De&(0,1). Moreover, dynamic state equation of the current

Copyright (© 2015 SCASA & ICP 2015 Organisers :: Published by Research Publishing
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dependence to x state is to be defined:

dzx N?;RON

— =k i(t), k= 2
= k@), k= @

where p1, = 107m?s~ 1V~ is a dopant mobility. The
limiting values for the resistance of memristor w = 0 and
w = D, which are represented as Rony and Ropp. Total
resistance can be rewritten as

Rmem(m) = RONQ: + ROFF(I - 3:) (3)

The function f(z) in the equation (2) models non-
linearities of the charge carrier transport and called window
function. One proposed version [3] of this term is:

flx)=1-(22z—-1)% 4)

The relations illustrate (1) to (4) show the mathematical
model of memristor that was discovered up to today. Theoret-
ical background provided up to this point is enough to move
further.

III. MEMRISTOR MODELING IN MATLAB

In this part, the practical part of memristor modeling
in MATLAB is demonstrated. First, memristor behaviour is
reproduced in the m-file form. This file has two functions
with standard definition and corresponding ODE solution. In
the Fig.4. source code of the memristor model is provided.
Within the frame of the Memristor a MATLAB function is a
key line is the chosen ODE solver which is the actual ODE
numerical integration method. The solver of type ode23t shows
that modified stiff/Trapezodial method is used.

The initial value memristor resistance is given by
Rinit. MATLAB ODE solver ode23t uses the function
ODEMemriA as its parameters for output. The variables
marked with [t,x] are returned back. Hence the x state outputs
time course, as it can be noticed from equation (2). The vector
of current flowing through a memristor can be found from the
same equation. The harmonic course of the V' voltage with the
1V amplitude and 1H z frequency. Therefore the model can be
considered to be full, when the voltage and course vectors are
defined. Moreover, charge versus flux graph is obtained, since
it also describes memristor explicitly.

From the theory, it is known that in order to obtain charge
and flux calculation, indefinite integration is required. To
struggle this, the IIR type digital filter are often used to perform
these operations. The filter command is next multiplied by
sampling period to get the proper scale. The digital filter is
originally defined with the following relation:

z
z—1

H(z) = 5)
where z is the Z-transform operator. Accurately obtained Fig.
5 and Fig. 6 demonstrate the simulation results for the given
input harmonic voltage. The MATLAB source text can be
modified by dividing them into two or several m-file parts
for working with more extensive systems.

% Model of memristor in MATLAB environment

function Memristor Matlab
Ron=100; Roff=16e3;
Rinit=11e3; DR=Roff-Ron:
tmin=0; tmax=3; % time interval
N=500; % nwaber of steps is N+1
OsaT=tmwin: (tmax-twin) /N:tmax; % time axis
x0=(Roff-Rinit)/DR; % initial condition
[c,x]=0d223t(@ODE_Memri_A,OsaT,KO]; % calling ODE
V=1%*sin(2*pi*1*t); % input voltage
I=V./(Roff-x*DR); % current
%--- drawing the results ---

%5-—- intagration of U and I ---
Flux=(t(2)-t (1)) *filcer(l,[1 -1],V):
Charge=(t(2)-t (1)) *filter(1,[1 -1],I):

%¥-—- ODE definition ---

function dx=0DE_Memri_A(t,x)
D=10e-9; Ron=100:
Roff=16e3; DR=Roff-Ron;
uv=1e-14; % dopant mobility
k=uv*Ron/D"2; p=10;
$--- ODE definition ---
V=1#gin(2%pi*1*c); % input voltage
Fx=(1-(2%x-1)"{2%Dp)):
dx=k* (V/ (Ro££-X*DR) ) *Fx;

Fig. 4: Memristor model in MATLAB
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Fig. 5: Memristor key time courses simulation

A. Input-output model in Simulink

Simulink environment is a better option when the mem-
ristor is to be modelled as an element of complex systems.
Basically, the environment offers modeling the form of input-
output relationship. However, since the memristor is not possi-
ble to be represented as two-terminal element, there is another
way to model it though. It is shown as device with the
input of voltage and the output of current. Fig. 7. illustrated
demonstrates a functional memristor model. The appropriate
blocks are responsible for mathematical operations that were
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Fig. 6: Elementary memristor characteristics simulation.
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Fig. 7: Memristor model in Simulink system

given before in the equations from (2) to (4).

o) = [ kr(ai) ©
t
. v(t)
)= ——2
Z( ) ROFF — .%AR7
The equations (6) and (7) are strictly followed by the arrange-

ment of the blocks developed in Simulink. The initial condition
of the integrator is defined as:

AR = Rorr — Ron 7

16.10% — 11.10°
- — 0.3145]—].
AR 16105 100~ O340
(8)

The other constant values are the same as in the previous
model. The simulation results remain as in the previous model.
Other settings were remained by default.

Rorr — RiniT
Xro =

The basic advantage of this modeling method is compa-
rable speed, simplicity and descriptiveness. More attention is
paid to blocks separation and simulation parameters config-
uration. The existing harmonic voltage source uses the same
values as in the previous model.

Configuration of Simulink environment takes place in
the ODE solution parameters, which it to be set for ode45
(Dormand-Prince) type of ODE solver, which uses Runge-Kuth
method explicitly. Maximum step was set to 0.015 value.

B. Physical memristor model

Simulink environment also contains Simscape block li-
brary, intended for multidomain modeling of physical systems.
It also gives opportunity to simulate systems of different
engineering fields. Before approaching, the principle scheme
is to be developed [3], which is presented in Fig. 8.

)4

mem

Fig. 8: Principle memristor scheme in Simscape

From the Electrical Elements library of the Simcape sys-
tem, the three terminal Variable Resistor component was used.
The two are the input and output of the resistor, and the third
terminal is the regulatory input regulating resistance, which
is dependent on the random variable principle (signal). This
component basically includes the construction of the memristor
model according to Fig. 8.

Fig. 9 demonstrates the full physical memristor model.
Some blocks serve for the mathematical model implementa-
tion, whereas a few other blocks are applied to convert between
Simscape and Simulink environments as well as obtaining
outputs on the oscilloscope. Apart from the blocks of drawing
on the right, the physical model is exactly implementation
of scheme of Fig. 8. At the right side, the Current Sensor
and Voltage Sensor blocks are needed to test the current
and the voltage values. Moreover, PSS converters are used
to interchange Simulink-Simscape library blocks so that the
model can behave as entire system.
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Fig. 9: Physical memristor model in Simulink & Simscape
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Model in the Fig. 9 is a representation of combined use
of Simulink&Simscape. Therefore, the given system would
probably be more efficient in terms of functionality. Similar
to the model that was presented in Simulink, the integration is
provided with 1/s integrator blocks. The Simscape AC Voltage
Source block is a representation of harmonically variable
voltage source accordingly.

IV. CONCLUSION

This work was based on the previous papers on memristor
modeling. It sets goal to try various methods of modeling
memristor in MATLAB and Simulink. As a result, a few
models were obtained. First, m-file of source code solution
to ODE was shown. Next, Simulink block diagram in terms
of input-output model was built. It was then further developed
with the help of Simscape block library, by adding variable
resistor, necessary current and voltage sensors. To conclude,
in the perspective the work that is planned is results checking
by comparing obtained outputs with future SPICE model
simulations.
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Abstract—This paper suggests the solution of traffic light
color recognition problem for people with color vision deficiency.
Solution will include the developed Windows OS compatible
application that is further adapted to android platform. The
application was initially developed by the C++ programming
language with the Open Computer Vision (OpenCV) library.
During the development of program the combination of Image
Thresholding and Hough Circles object detection methods was
used to detect the traffic light itself. After that the color of the
traffic light was identified and written notification defining the
color name was displayed on the screen. The algorithm is then
used to write an application prototype for android based devices.
It is expected that this program will assist people with color
blindness in traffic light color detection.

Keywords—color blindness, traffic light recognition, object
recognition, shape recognition, color recognition, OpenCV, C++,
Android

1. INTRODUCTION

Approximately 500 million people are affected by color
vision deficiency nowadays. Unique property of this disease is
that it cannot be cured, thus people with color blindness
become vulnerable at some situations. Experts imply that red-
green color deficiency is the most widespread defect type.
Hence, traffic light color identification can probably be
considered the most encountered problem for color blind
people. Spread of this disease among pedestrians and drivers
is likely to increase the number of car accidents. Thus, the
necessity for development of the application that will assist
color blind people with traffic light color recognition cannot
be underestimated.

Today image and video processing are mainly performed
with the usage of OpenCV library. The application that we
propose in this paper is based on two different functions: one
of which is used for color thresholding and other is for shape
detection. The main idea is by combining two functions
implement algorithm for detecting traffic lights on camera or
video stream. Consequently, program will recognize the color
of the displayed signal by applying different color filters.

Finally, the program is planned to notify the user with the
corresponding sound signal. This application was firstly
designed for computers operating on Windows OS. Since
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web-camera is expected to be the main input source, laptop’s
location in the car is required. However the algorithm was
further used with Android programming language to create
prototype of mobile application. This option potentially will
be more convenient for drivers and pedestrians.

II. PROCEDURE

This section will explain the step-by-step procedure of the
application realization. Firstly, the restrictions applied to the
sample video data will be described.

Secondly the procedure of how object detection was
realized in the program is described by explaining two
different methods used to detect objects based on either color
or shape. After explaining these and defining the drawbacks of
using two methods separately, the core of the proposed
algorithm will be presented by describing how these two
methods complement each other in order to form traffic light
recognition program.

After explanation of how the program will find traffic
lights on video stream, the color identification technique used
in the program will be explained.

A. Sample Data

The very first step in the design process was to obtain
appropriate video samples. This version of the program was
only considering the case when traffic lights were clearly
visible and close to the recording device. This was done in
order to see if the proposed logic works as required when
there is a minimum amount of disturbing objects on the video.
However, in turn, this means that program still should have
the future improvements to deal with the cases when there is
more objects introducing noise. The images of the frames
with red, red and yellow, and green traffic light signals being
on are displayed in Fig. 1.

B. Image Thresholding Method

This is a method that is basically used for object detection
that is based on its color properties. The BGR colored image
is converted into HSV color space image. Then HSV image is
thresholded by manually adjusting the HSV values using
inRange function and track bars, so that the required color is
represented as white and the rest of the image is represented

Copyright (© 2015 SCASA & ICP 2015 Organisers :: Published by Research Publishing
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(b) ==

Fig. 1.The sample of Traffic Light used in the program design with red
(a), red and yellow (b), and green (c) light signals being displayed

Fig. 2. The example of red traffic light contour detection using
conversion of original image frame (a) into HSV color space image (b) and
then applying threshold (c)

as black color. Consequently, findContours function together
with moments method applied to find and store the white
colored contours from thresholded image. The example of
such image conversions for thresholding red color is
illustrated in Fig. 2.

As it can be seen the red colored object is easily extracted
by thresholding HSV values. However, the drawback is that
function findContours finds any white colored contour that
was found in thresholded image. The morphological
operations (such as erosion and dilution) are able to eliminate
noise effects, but still there may be objects of not only the
same color, but also of the bigger size than targeted traffic
light. Consequently, the function may not only be unable to
recognize the traffic light signal but also by making an error
recognize another object instead of it. Moreover, it does not
make a difference between the shapes of the contour found.
Hence, the design of the proposed program adds another
function to detect the shapes of the objects in the video stream.

C. Finding Hough Circles Method

HoughCircles function is introduced into the program to
find the objects of the circled shape. In order to use this
function, the original frame image from the video is initially
converted to grayscale image and then blurred. The
conversion is done because the function works on only 8-bit
images. Blurring is then applied to reduce the noise and avoid
the false circle detection. Example of applying this function to
detect the circled shape of red colored signal is illustrated in
Fig. 3.

As it can be seen the Hough Circles function has detected
only one circle, which is the shape of traffic signal. However,

e

Fig. 3. The example of red traffic light circle shape detection using
conversion of the original image (a) into grayscale image (b), and blurring it
and displaying the circle shapes found (c) by the Hough Circles method

the drawback of using this method alone for object detection is
that if there are multiple objects with circled shape, the
function will find all of them. For the specific problem that the
following application is aimed at finding circle shapes without
much emphasize on its color is not enough.

D. Combination of two methods to achieve better object
detection

The main advantage of the proposed application is the
implementation of two functions together.

Firstly, the program searches for circle shapes using
Hough Circles and, as it can be seen from Fig. 3, defines the
boundary coordinates of them. Then, the coordinates are used
to compare with every contour that has been found by
thresholding the image to required color. It can be said that the
main role of these coordinates is to filter out unnecessary
contours, and to only display targeted traffic light signals.
After potentially traffic light signal was detected, it is tracked
and displayed by the program. Fig. 4 illustrates an example of
how this object detection works for red signal.

However, this only detects the position of the required
object on the image frame and serves as a training stage for
determining HSV values for each of the required colors, but
does not define it explicitly. For the program to automatically
identify which color was thresholded another function was
introduced.

E. Color Detection Technique

The color detection part of this program is working on the fact
that the sets of HSV values for each of the three colors are
determined in training stage. Each of these sets is then used to
create color filters for three colors of traffic signal.

[ | 1165

(@) pmonis e i(b) i(c)

Fig. 4. Example of object tracking by comparing the boundaries found by
HoughCircles function (a) with coordinates of contours found by thresholding
(b) and displaying the tracked object on original image (c)
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Fig. 5. The color detection implemented by the sequential application of
yellow color filter (a), green color filter (b), and red color filter (c) to original
image, each of filter being thresholded by HSV values for yellow color (d),
green color (e), and red color (f)

These are then sequentially used in a loop form to create a
function that automatically changes the threshold values. In
case the object is found, the function stops changing the filter
and displays the corresponding color value. When the object is
lost because of traffic signal change, the application recalls the
function and make color filter change to the next one. For
example, one turn of the color recognition is illustrated in
Fig. 5.

The algorithm that was utilized to construct the application
for Windows can be graphically represented by the flowchart
shown in Fig. 6.

III. RESULTS OF APPLICATION FOR WINDOWS OS

The Fig. 7 illustrates the cases of successful identification
of red, yellow, and green signals by the program on its own,
without any user manipulations on HSV threshold values.

Despite the program works appropriately for the
determined range of HSV values, there are still occasions
when the program misinterpret displayed signal. The common
case is when traffic light displays both red and yellow signals.
This can be seen from Fig. 8.

Moreover, it should be remarked that such scenario of
signal identification is very simplified for initial design
purposes, but will not work if there are more objects on the
video that can cause errors in identification processes.

IV. ANDROID IMPLEMENTATION

After the program for Windows, despite of being not fully
finished, worked well for traffic light used as a main sample,
we tried to write an application having the same purpose and
algorithm for Android platform devices. Precisely, the main
interest was on constructing an application for mobile phones,

Acquire input data

[Threshold the image
using the filter
predefined for one of
the signal colors

Detect circles'
shapes using Hough
circles method

Is there any hange current color
ontour found?, filter
Pass coordinates to
the findContours
function

Check whether one
of the contours
coordinates coincide
with the reference

s there any
coincide?

Define the color
according to the filter
used and notify the
user

Fig. 6. Flowchart of the proposed algorithm for traffic light recognition
application

because there is now increasing number of android mobile
phone users as well as the rapid developments on increasing
their operation capabilities.

The application at its final version is planned to be capable
of identifying the traffic lights from the camera preview of the
mobile phone, recognizing the color of signal being displayed,
and finally providing sound notifications to the user.

Fig.7. Examples of successful traffic light recognition with red color (a),
yellow color (b), and green color (c) signals being displayed and identified

Cument filfer type is Red!

..

Fig.8. Example of miéinterpreting traffic light signal when both red and
yellow color signals displayed
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Fig. 9. Android application realization process of testing example samples
in RGB color scale (a) for Hough Circles detection (b) and for thresholding
green colored objects (c) using Android OS mobile device.

(a)

Due to time limitations for accomplishment of this project
and low level of required skills in programming on Java
programming language, for the first stage we put the main
goal to create a working application that will separately
implement functions to find circle shaped objects and to
threshold video frames. The samples illustrated in Fig. 9
indicate successful accomplishment of this step.

The second part of the program development was to make
program compare between these two functions, and to
represent an object that satisfies both the circled shape and
color of the traffic signal. In order to do this, the prototype
version of application was tested on Galaxy S3 mobile phone
utilizing Android version 4.3.1. The results of this stage
accomplishment are represented in Fig. 10.

Fig. 10. Photo of Galaxy S3 mobile phone running preliminary version of
the application (a) and the screenshot of the device (b) showing the coincidence
of circle detection result (red circle) and of green color recognition result
(green crosshair) and corresponding message

The further parts of android application realization will
include the implementation of automatic color filter changing,
and sound notifications for users.

V. CONCLUSION

This paper has proposed an application design for traffic
light recognition for Windows based systems and its prototype
for Android based devices. The significance of the following
design is that the program was not only utilizing the threshold
based object detection principles but also incorporated the

shape detection functions. This gave the possibility to
eliminate any objects that may present on video frame and
have the same color as these of traffic lights. Moreover, this
ensures that the coordinates of the detected traffic light
become also known.

However, the proposed design still has significant number
of imperfections. So, the program was not tested for the case
when there is the number of disturbing moving objects. In
addition, the color recognition function based on filtering
function is not appropriate for various light intensities. Hence,
the program may fail to recognize color appropriately during
different time of the day.

Hence, future improvements may include encountering
time of the day, which may, in turn, be used to determine
appropriate HSV values according to light and traffic intensity
conditions.
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Translational Biomechanics in Glaucoma

Match W. L. Ko

Abstract—Glaucoma is the second leading cause of blindness in
the world. Intraocular pressure (IOP) is a primary indicator of
glaucoma. The IOP measured in tonometry is generally
compared to a threshold IOP level (21 mmHg) as a reference for
clinicians to determine if the subject is at risk. Precision
measurement of the IOP depends on accurate measurement of
corneal geometries and corneal biomechanical properties. Both
the measured IOP and threshold IOP, however, ignore the
individual variations of the ocular tissue biomechanical
properties in human eyes. The inclusion of individual ocular
biomechanical properties is needed to improve the accuracy of
measured IOP and clinical relevance of threshold IOP. This
review will focus on the fundamental theories and practices of
ocular biomechanics in glaucoma.

Index Terms—Corneal biomechanics; elastic
modulus; tangent modulus; cornea; ocular

Young’s

1. INTRODUCTION

he eyes are one of the most important sensory organs and

are specialized for the conversion of light into
electrochemical signals so that our brain cans interpret. The
cornea is the principle refractive element in the eye and
accounts for ~45 diopters of the total ~60 diopters of ocular
power [1, 2]. The dual responsibilities of cornea are the
maintenance of optical transmission of light and ocular
mechanical stability, which are the foundation of many
refractive procedures. The cornea not only protects the inner
contents of the eye and maintains the ocular shape, but also
refracts the light that passes into the eye. The cornea is located
at the front part of the eye and functions like a window that
controls and focuses light entering the eye. It is the only source
from which the world is observed and recognized. However,
disease (e.g. glaucoma [3, 4] and keratoconus [5, 6]), surgery
(e.g. LASIK [7]) and injury [8] can alter the shape, thickness
and biomechanical properties of the cornea, leading to serious
changes in visual performance of the eye [5, 9-12]. For this
reason, understanding the biomechanical response of the
cornea to agents such as disease, surgery and injury is of great
clinical importance.

In this review, the biomechanical responses of ocular
tissues when subjected to pressurewill be reviewed from the
ocular structural perspective as well as from theocular tissue
perspective as a component in the ocular structure.The current
and emerging methods to measure the ocular biomechanical
propertieswill also be highlighted and discussed.

II. THEORY OVERVIEW

Material elasticity is a measure of how a material deforms
in response to an external stress. It can be determined by
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measuring the gradient of a representative portion from the
constitutive stress-strain curve and a higher modulus of
elasticity indicates a stiffer material [13]. The classical
Young’s modulus is a material property that describes the rate
of change of a linear elastic material (Figure 1a). The rate of
change is independent of the load on a linear elastic stress-
strain curve. Literature regarding ex vivo study has shown that
the cornea exhibits non-linear (hyperelastic) stress-strain
behavior (Figure 1b) such that the corneal modulus of elasticity
is not a constant but increases with increasing stress [13-16].
For nonlinear elastic material, its stress-strain curve is
nonlinear and it is inappropriate to use the Young’s modulus as
a property descriptor of the nonlinear elastic behavior over
different stresses (pressures). Tangent modulus, a measure of
the instantaneous rate of change at a specific stress on the
nonlinear stress-strain curve, should be used instead [17]. In
addition, the cornea is known to be a viscoelastic material
instead of an elastic material. Viscoelastic material is a material
that exhibit both viscous and elastic characteristics under
deformation and the mechanical behavior of a viscoelastic
material is strain rate dependent (Figure Ic). The nonlinear
viscoelastic behavior of the corneal tissue to stress requires a
nonlinear structural model that can capture the stiffening
induced by the stress at high strains. The above factors
contribute to the wide range of variation of corneal elastic
modulus reported in the literature, from 0.159 MPa [18] to 57
MPa [5], with many other studies reporting values somewhere
in between [14, 16, 19-25].

The corneal stroma is composed of multiple sheets of
parallel collagen fibrils, which accounts for about 90 percent of
the corneal thickness.The collagen chemical composition and
structure of corneal stroma are the basis for determining the
corneal biomechanical properties [26-31] due to the high
tensile stiffness of collagen fibrils and spatially varying
distribution of lamellae in the stroma. In keratoconic corneal
stroma, the collagen fibrils and interfibrillary substance loss
and slippage lead to the corneal biomechanical instability and
subsequently cause the alteration of corneal tomography [6,
32]. The mechanical strength of the cornea is reduced in
keratoconus and the keratoconic corneas are more extensible
than the normal corneas [5]. The decrease in mechanical
resistance to load plays a significant role in the corneal
protrusion in keratoconus.

Intraocular pressure (IOP) is the fluid pressure inside the
eye. The eye is a closed system and is filled with aqueous
humor and vitreous humor. The aqueous humormaintains the
shape of the eyeball and nourishes the cornea and lens, and
then leaves the eye through the trabecular meshwork, which is
the drainage system of the eye. The delicate balance of aqueous
production and absorption determines the IOP within the
eye.The biomechanical behavior of the eyes has been
investigated using micro-volume injection experiments[3]. The
eyes are distensible at low pressure and large volumes can be
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introduced into the eye with little increases in IOP. Large
increases in IOP may result from small changes in volume at
high IOP as the eyes are less compliant and less distensible at
high IOP. The greater the elasticity of the cornea (less stiff,
lower elastic modulus), the more protected the eye is from IOP
surges. The greater elasticity may provide a larger buffer to
sustain the fluctuation and evaluation of the IOP in vivo[3].
Central corneal thickness, one of the corneal geometrical
factors, has been shown to play a role in the interpretation of
IOP and has also been suggested as a glaucoma risk factor.
Even though the cornea is far always from the primary site of
glaucoma, lamina cribrosa (LC) of the sclera, the corneal
biomechanics still contributed to the ocular biomechanics as a
whole to protect the eye from the IOP surges.

Optic neuropathy in glaucoma causes visual field loss and
blindness [33, 34]. The optic nerve damage in the lamina
cribrosa (LC) of the sclera, the primary site of glaucoma, is
correlated with the intraocular pressure (IOP) [35-38]. The
linkage between IOP and glaucoma has been investigated using
computational models [39-43]. The relation between the ocular
stiffness and shear stresses in the LC was quantitatively
studied[4, 44]. A 3-dimensional human eyeball model () was
built in a computer-aided design (CAD) software (Solidworks
2007, DassaultSystemes Solidworks Corp.), and imported to a
finite element analysis (FEA) software (ANSYS Simulation
11.0, SP1, ANSYS, Inc.) for computational simulation.

Glaucomatous vision loss starts at the periphery and
progresses toward the center [45, 46]. Since the damaged
nerves are shown to be sheared [35, 47], shear stresses from the
computational model should be higher at the periphery and
lower at the center of the LC. The local maximum shear
stresses in the LC from our baseline model at 25mmHg are
shown inFigure 3. The results showed that the local maximum
shear stresses were highest at the peripheral anterior surface
and lowest in the central anterior surface.The major simulation
finding showed that nerve damage increased with tissue
stiffening. The damage as a function of age is plotted inFigure
4. The plot showed the people with IOP less than 25mmHg
have less than 30% damage, and normal age-stiffening in the
elderly resulted only in minor vision loss.On the other hand,
the plot also showed that people with inherently higher ocular
tissue stiffness suffered more damage depending on IOP. This
means that the elderly with age-stiffened ocular tissues are
more susceptible to IOP-induced nerve damage compared to
younger people[44].

Current screeningdiagnosis of glaucoma is performed by
checking the IOP to  estimate the  glaucoma
developmentpotential. Normally, clinicians use the IOP value
of 21 mmHg to classify the glaucoma risk level of a patient
into three levels. No risk for patient with IOP below 21
mmHg, intermediate risk for patient with IOP around 21
mmHg and high risk or patient with IOP above 21 mmHg.To
identify the people at higher risk for glaucoma, methods for
characterizing the in vivo ocular tissue stiffness should be
developed. Individual adjustment on the threshold IOP (21
mmHg) based on information regarding ocular tissue
biomechanical properties and age(Figure 5) may improve the
accuracy of glaucoma risk assessment. This finding implies
that, the clinical general screening guidance for the risk
assessment of glaucoma based on the IOP is not enough. The
parameter of corneal, scleral and LC elasticity should include

also in the diagnosis stage. Corneal elasticity can be clinically
assessed by various commercially available medical devices
(see part III - measurement method for details), while the
clinical measurement of scleral and LC elasticity are currently
obfuscated due to the lack of instruments. The corneal
elasticity may be used as an independent parameter or to form a
combined parameter with IOPfor the risk assessment of
glaucoma development and progression.
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Figure I Schematic stress-strain behavior of (a) elastic, (b) nonlinear elastic
(hyperelastic) and (c) viscoelastic material.

Figure 2 Three-dimensional FEM eyeball model used in this study. Adapted

from [4, 44].

Figure 3 Effect of elevated IOP on shear stresses in the LC: Shear stress
distribution in the diametrical cross-section of the LC. Adapted from [4, 44].
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III. MEASUREMENT METHODS

Current testing methods of the corneal biomechanical
properties are basically separated into two groups, namely ex
vivo destructive testing and in vivo nondestructive testing.

A. Ex vivo destructive testing

Ex vivo testing involves isolating the cornea ex vivo from
the globe and testing the cornea under a controlled stress and
stress/strain rate in a controlled humidity and temperature
environment. The major advantage of ex vivo testing methods
is that different loading patterns can be applied to specimen at a
controllable manner. Strip extensiometry test (Figure 6a) and
inflation test (Figure 6b) are the most common testing
methodologies used for the characterization of corneal
biomechanical properties.

Strip extensiometry [16, 21, 24, 29, 48-52] testing
procedure is simple. A strip of corneal tissue with a constant
width is dissected from the cornea and attached to grips of a
strain rate-controlled uniaxial tensile machine. The specimen is
subjected to uniaxial tensile loading while monitoring its
behavior as a function of strip deformation. The corneal elastic
modulus can then be determined from the load-deformation
curve using the below equation[53],

_truestress  T(1+&/L)/ A

E =
true strain =~ In(1+&/ L)

, (M

whereE is the elastic modulus, 7' is the axial load, 9 is the
specimen elongation, L is the initial length of the strip
specimen, A is the initial cross-sectional area = w X ¢, w is the
width of the specimen and ¢ is the thickness of the specimen.
However, this tensile procedure involves several inherent
deficiencies which reduce the accuracy of the results and
reliability of this measuring methodology. The deficiencies
come from the initially curved corneal structure and non-
uniform corneal thickness. The corneal specimen is originated
from the spherical corneal surface. The original length of
specimen along the anterior surface is longer than that along
the posterior surface. This straightening of the specimen from
its curved form introduces residual stresses on the specimen.
Residual tensile stresses are generated on the posterior side of
the specimen and residual compressive stresses are generated
on the anterior side of the specimen. The residual stresses on
the specimen eventually lead to reduce tensile stress on the
anterior side and increase the tensile stress on the posterior
side, and lead to uneven stress distribution along the thickness
direction of the specimen and affect the mechanical behavior
under tensile loading. Moreover, the corneal thickness is not
uniform, but is thinnest at the center, increase away from the
center and thickest at the boundary. The assumption in the strip
extensiometry of constant uniform thickness leads to errors in
constitutive stress-strain behavior derivation. The above
deficiencies contribute to theperception that the strip
extensiometry test is a less reliable testing methodology to
determine the corneal biomechanical properties [17].

Pressure inflation test [14, 15, 18, 52, 54-59] subjects the
cornea to stimulation of the physiological condition of IOP
surges. An intact cornea and a narrow ring of the connected
surrounding scleral tissue are extracted from the eye to serve as
specimen. The specimen is mounted onto a test rig that
enableswatertight edge fixity through clamping of the
surrounding scleral tissue. The specimen is then subjected to
gradual increase of the internal pressure (IOP) while
monitoring the corneal apex deformation. The relationship
between pressure and apex displacement data is recorded, and
the corneal elastic modulus can be determined from the data
curve based on a shell mathematical analysis [57].

_IOP-R;
26t

where E is the elastic modulus, R,, is the radius of corneal
median surface, ¢ is the average thickness, 72is the Poisson’s
ratio, - is half the central angle of curvature = sin"(R[/Ru,,,), R;
is the radius of corneo-scleral intersection, R, is the radius of

the corneal anterior surface and S=4/R, /¢ ~:‘/3(1—V2) . The

cornea in inflation test keeps intact and its original shape, and
subjects to uniform intraocular pressure. Therefore, the
inflation test is better than strip extensiometry in term of
eliminating the drawback of cutting the cornea into pieces and
straightening the curved specimen for measurement. However,
the mathematical analysis assumptions in inflation test would
be its major source of error. The assumptions, including the
spherical corneal topography and material homogeneity,
introduce error to the analysis, and make the analysis less

E (1=v)[1=¢" cos(pBn)]. )
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reliable. In addition, the clamping of the corneal specimen onto
test rig introduces another source of error. The boundary
clamping condition of inflation test in the mathematic model
may different from the natural bonding condition of the corneo-
scleral interconnection and would introduce extra deformation.

Both strip extensiometry and inflation test are easy and
convenience to use for characterization of corneal
biomechanical properties with controlled stress and stress rate
in a controlled humidity and temperature environment,
however, the major and intrinsic problem of the two tests is
that, they are both destructive to the eye and are not suitable for e
use in in vivo human testing. In addition, the experimental pressure gauge
results on the isolated cornea are also hard to control due to the 10m
significant effects of corneal hydration [5, 52].

B. Invivo nondestructive testing T S
There has been an increasing emphasis on the development tank
of methods for in vivo nondestructive testing of corneal
biomechanical properties. Several potential in  vivo
measurements are subsequently developed, including the ! _ gl .
mechanical corneal indentation device[60, 61], surface wave S [ ]I,‘;',’J:ﬂl.,,[ ®)
elastometry [62-64], Ocular Response Analyzer (ORA) [65]
and Corneal Visualization with Schelmpﬂug TeChHOIOgy Figure 6 Schematic setup of (a) strip extensiometry and (b) inflation test.

(Corvis ST) [66]. Adapted from [52]

The classical way to determinate the hardness of an object
is to use a finger to touch the object, to feel the resistance of the
object and estimate its hardness and elasticity. The indentation
technique is a technique that uses the same idea but in a more
precise and sophisticated way. Mechanical corneal indentation
method is adapted from the classical indentation (Figure 7a). It
uses a cylindrical flat-end indenter to indent the cornea while
monitoring the corneal resistive load during the indentation at a
specific indentation rate. The corneal resistive load during
indentation is recorded simultaneously as a function of
displacement (Figure 7b) and the corneal tangent modulus can
be determined from the data curve using the below equation

[61], 0.15

_a(R—t/2N1-V* dF| 3
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whereFE|,op is the tangent modulus under IOP, F is the corneal
indentation load, " is the corneal displacement, R is the corneal
radius of curvature, ¢ is the central corneal thickness, /is the
Poisson’s ratio and dF/d’ |jop is the corneal indentation stiffness
which can be extracted from the load-deformation curve. The
corneal tangent modulus is found to be rate-dependent 0 \ \ ! !
(viscoelastic behavior) and IOP-dependent (hyperelastic 0 02 04 06 08 1

behavior). A rate-independent corneal tangent modulus can be Displacement (mm)

determined with an indentation rate beyond the threshold (b)
indentation rate in order to eliminate the viscous behavior. A

linear proportional relationship is found between the corneal Figur; 7 Schemat'ic setup_of (a) mechanical comea_l indentation and (b)
tangent modulus and the corneal in-plane tensile stress ( A~) typical corneal indentation load versus corneal displacement curve.
calculated by using Laplace’ Law (4=R-IOP/2f). This implies

that the corneal tangent modulus is not only a representation of

corneal material property, but may also be used as an indicator

of the corneal stress level. The mechanical corneal indentation

method is a fast and convenient testing method. The most

important point for its common use is that, it is non-destructive

and does not damage the object indented. The device is tested

in porcine eyes ex vivo and rabbit eyes in vivo and clinical trial

on human eyes is currently undergoing.
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Figure 8 Applanation and pressure plots as determined by the ORA (Ocular
Response Analyzer, Reichert, Depew, New York). Adapted from [65].

Figure 9 The deformation processobserved by Corvis ST. Adapted from [66].

Surface wave elastometry is used for the assessment of
corneal biomechanical properties [62-64]. The linear elastic
approximated relationship between shear wave propagation
speed and Young’s modulus has been used to determine
corneal mechanical properties in vivo[62],

E=3pc? )

whereA is the volumetric mass density of the corneal plate and
¢, is shear wave propagation speed. This technique has been
tested in ex vivo tissue specimen; however, clinical applications
have not been proved. Moreover, this method adopts the linear
elastic model for the approximation of nonlinear viscoelastic
corneal biomechanical properties and the indirect measurement
of the corneal response to external load, this may lead to
inaccurate determination of corneal mechanical properties. Eye
immersion is also required for ultrasound technique which adds
inconvenience of clinical implementation.

Ocular Response Analyzer (ORA, Reichert, Depew, New
York) [65] is the first instrument that allows the evaluation of
corneal biomechanical properties in vivo. It uses an air-puff to
deform the cornea at high speed. Through the monitoring of the
corneal deformation under the high speed air-puff, the
difference in air pressure between inward and outward
directions at the point of corneal flattening is reported as
corneal hysteresis (CH) as shown in Figure 8[65]. The device
does not report the classical mechanics term of corneal elastic
properties, but instead, it reports the value of corneal
hysteresis. The CH may be produced with different
combinations of elastic modulus and the viscous damping
parameters [10]. Recent research has shown that a lower-than-
average CH is observed in subjects who have been identified as
“Normal Tension Glaucoma” (NTG) patients and CH is also
associated with glaucomatous visual field progression.
Currently, individuals who have NTG may be missed during
routine IOP screening. If the CH proves to be a reliable
indicator of this condition, the CH can be used as a new

assessment indicator for glaucoma screening and is definitely a
significant advance in glaucoma research [11, 67-72].
Although corneal hysteresis is not the common classical
mechanics term to describe corneal material properties, the
early results suggest that the corneal biomechanical properties
hold a considerable promise as IOP independent predictive
variables for risk assessment of glaucoma development and
progression [72].

Corneal Visualization Scheimpflug Technology (Corvis
ST; Oculus, Wetzlar, Germany) [66, 73] is a clinical device
based on a noncontact air puff tonometer combined with an
ultrahigh speed Scheimpflug camera for the measurement of
the corneal biomechanical properties since 2011. Corvis ST
captures the corneal dynamic deformation under a standardized
air puff excitation with the aid of the Scheimpflug camera at a
rate of 4330 image frames per second (Figure 9). With the
image analysis, several corneal biomechanical related
parameters can be extracted, including, maximum corneal
deformation amplitude, time of the highest concavity, lengths
and times of the flattened cornea in the first and second
applanation, and the corneal velocities during the first and
second applanation moment. The corneal deformation
amplitude during the air-puff indentation holds promise to
yield relevant parameters related to corneal biomechanical
properties, but none of the current parameters from Corvis ST
can be deemed directly as corneal biomechanical
properties[74]. Clinical results show that the deformation
amplitude is highly sensitive in differentiating keratoconus
from normal corneas [75]. The device is still under
development and many new parameters are being introduced
and investigated to the outputs [73, 76]. The corneal dynamic
deformation video recorded by the Corvis ST provides useful
information for the study of corneal biomechanics. Further
research is needed to develop forward clinical applications
based on these new corneal biomechanical parameters.

IV. CONCLUSIONS

Ocular biomechanics is a rapidly growing area of research
and clinical interest. Ocular biomechanical properties play a
central role in the pathology ofglaucoma. Disease, surgery and
injury can leadto serious changes in the visual performance of
the eye,with the ever increasing improvement of measurement
methods, a better understanding of the ocular biomechanics
and biomechanical properties to the influence of disease,
surgery and injury can be achieved.

The ability to measure a patient’s ocular biomechanical
properties in vivo may provide a clinical tool to assist
clinicians to preform disease diagnosis and decision making
regarding screening of eye disease and treatment methods. It is
anticipated that, with the individual ocular biomechanical
properties, it will help the clinicians to arrest those patients in
high risk of glaucoma development and progression.
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Abstract — Vision based traffic control systems has been
widely investigated to solve the problem of traffic congestion.
They are mainly based on the vehicle flow estimation, which
represents the current state of the traffic in particular region,
and promote more advantages over traditional intrusive
methods. Detecting and tracking of vehicles are critical steps
for the traffic surveillance. This project aims to develop an
effective algorithm to perform vehicle detection, tracking and
counting using OpenCV libraries and available video
databases. First frames are used to extract the foreground
objects, and the resulting binary images go through
morphological transformations to eliminate noises. Blob
detection and contouring processes are performed
simultaneously. The conditional statement we apply ensures
that the vehicle is tracked only if the detected blobs and
contours match. Counting is performed by comparing the
coordinates of contour center with established reference lines.

Keywords—background  substraction;  blob  detection;
contouring; vehicle counting

I. INTRODUCTION

In recent years, the importance of traffic data collection
has been broadly discussed worldwide because of increasing
demand on effective traffic management systems. Existing
techniques provide an opportunity to gather information
about average traffic speed, volume of the traffic in
specified time, vehicle presence and occupancy rate, etc [1].
Traffic data collection methods involve intrusive
technologies consisting of on-road data recorders and
sensors such as magnetic loops, pneumatic road tubes, and
piezoelectric sensors, as well as non-intrusive technologies,
which are aimed to obtain data from remote distance [1].
The latter includes usage vision-based systems focusing on
detection and tracking of vehicles in order to observe traffic
performance on the road. CCD or CMOS video cameras are
usually mounted on the pole of traffic lights or separately,
and the movement of vehicles on the road is recorded for
further processing. Most studies highlight the advantages of
such type of systems over traditional methods, as their low
cost and broader coverage of traffic parameters (vehicle
count and classification, speed/acceleration estimations,
parking areas, etc.) promote higher flexibility in designing
traffic control applications [1], [2].

Detecting and tracking objects that are moving has
raised mush of interest in research area over the past years.
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Literature review has revealed several methods of vehicle
detection, including HAAR classifier that is originally based
on Haar-like features proposed for face detection. The
procedure is performed by considering an object as
successful combination of simple feature classifiers in a
cascade manner [3]. The work by Oliveira and Santos
implements cascades for car detection particularly, though
the results demonstrated false detections owing to the fact
that the method is mainly applicable for vehicles at fast rates
[4]. Blob detection is another common technique to detect
and track the vehicle as soon as it appears on the video
frame. It mainly considers a group of pixels in an image that
are connected by the shared property (e.g. grayscale), and
aims to find such regions and mark them. However, as blob
detection requires binary input, background subtraction is
used to segment foreground objects from background image
[5]. Similarly, object contour recognition is widely applied
to present the contour fragments and to detect the objects
from the obtained binary images. It is worth mentioning that
the blob detection and contouring techniques are separately
implemented in image processing to detect moving objects,
though there might be few studies focusing on combining
those two techniques.

In this paper, we aim to introduce a system for more
precise detection, tracking and counting of moving vehicles.
Specifically, we will focus on obtaining binary images with
noises removed, and then applying them to both blob
detection and contouring procedures. It was tentatively
estimated that the accuracy of detection can be increased by
implementing contouring method in parallel to the blob
detection. Selection of control parameters is also an
essential part in our proposed program, as it will affect the
whole performance of the system. If the system will operate
properly within the given conditions, it is planned to test the
program in the dark environment.

II. SYSTEM REVIEW

Our proposed system operates by detecting vehicle entering
and leaving the scene. The input material is taken from
traffic existing video databases. Working algorithm is
presented in Fig. 1. Firstly, background image is initialized
considering items such as roads, buildings, and trees, and
then foreground objects are segmented from the background
by adapting possible changes on the screen (moving
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vehicle). The resultant binary image is calibrated to remove
any noises, and then white regions of pixels are grouped
together to detect blobs. In the video simulation window,
detected blobs can be seen as green circles. Simultaneously,
the contouring of the vehicle is performed, and the bounding
rectangle with its corresponding center is computed. They
are presented as blue dots inside red rectangles. Next step
involves matching the blobs with the contours of the
vehicle. If they are both detected, the program will count the
cases when such vehicles pass through established reference
line.

(initiliazation |
\of Program
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‘ Accessing
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Operations
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Figure 1. Working algorithm

A. Background Substraction

Background subtraction is a widely used technique to
detect moving objects from stationary video cameras. It is
based on differentiating current frame and background
model (initially established with no moving objects), and
constantly updating background model in response to
changes in intensity of light and geometrical settings [6].
There are several approaches that have been discussed in
existing literature, but our system considers Mixture of
Gaussians. In the review of reports, it is concluded that this
method has a higher level of accuracy as compared to other
estimations [6]. Background segmentation MOG?2 algorithm
based on Mixture of Gaussians as a part of built-in OpenCV
libraries is implemented in our source code.

Ptr< BackgroundSubtractor> pMOG2
PpMOG2=createBackgroundSubtractorMOG2()

The resulting binary images then undergo morphological
transformations in order to eliminate noises.

B. Morphological operations

Morphological operations introduce a structuring
element of specified shape that is scanned over the input
image, resulting in the output image of the same size. For
each pixel location, its corresponding neighbors are
considered to compute maximum or minimum pixel values
overlapped by the structuring element [7]. The basic
morphological operations such as dilation and erosion, or
combinations of them are widely used in OpenCV to
remove noise, to separate individual elements and/or to
combine distinct elements of the image [8]. Use of
morphological transformations in our program can be
explained by the following code.

Mat ellipse_el= getStructuringElement(MORPH_ELLIPSE,
Size(12,12), Point(3,3));
morphologyEx(fgMaskMOG2, binarylmg, MORPH_CLOSE, element);

dilate( binarylmg, destlmg,
getStructuringElement(MORPH_ELLIPSE, Size(14,14)));

erode(binarylmg, destlmg, getStructuringElement(MORPH_ELLIPSE,
Size(14, 14)));

The function morphologyEx applies closing operation
to the binary image obtained from the background
subtraction operation. Closing operation involves dilation
first, resulting in a convolution of input image with the
structuring element, and then followed by erosion that is
equivalent to eliminating the boundaries of regions of
foreground pixels. The main goal of using closing operation
is to exclude isolated regions that are lower than their
neighbors.

C. Blob Detection

After obtaining binary image with differentiated
foreground objects, and removing any noises, it is possible to
proceed to their detection. To do so, first technique that we
applied is blob detection. The key idea is to connect the



regions, otherwise called “blobs”, in the image, where a
group of connected pixels share the same properties. Such
properties can be controlled depending on the shape and size
of the detection object. Our program employs
SimpleBlobDetector algorithm with the specified control
parameters, as it was necessary to adjust them, so that the
readings will be obtained based on the vehicles’ blobs.
Specifically, the program is initiated to detect white regions
(255 in a grayscale) in several binary images that were
obtained by thresholding source image from a minimum
threshold of 10 till the maximum of 200 with a default
increment threshold value. We restrict the blob area till 800,
as this value revealed the most accurate detection during the
experiments. The shape of the blobs is considered to be more
elliptical, and this yields shape control parameters of 0.1,
0.87 and 0.01, where the values indicate that the blob is less
close to a circle, more exposed to convexity as opposed to
concavity and more elongated towards the ends. The blobs
are detected from the input frame depending on the control
parameters, and then stored in a vector form. They are
drawn as green circles with the size of the circle
corresponding to the size of the blobs. The pointer vector is
later used in the counting step of the program.

D. Contouring

The next method we covered is contouring technique.
Contours are represented by the list of points that constitute a
curve in an image. In OpenCV, the location of every point on
the curve can be found from the data in the previous entry
[8]. The function FindContours () is used to compute the
contours of binary images. When the function is called, it
reveals the sequence of points of different types depending
on the arguments passed into it. In our case, it is necessary to
retrieve only the outermost contour of the foreground
objects. Therefore, RETR_EXTERNAL mode is chosen
from existing four options. Also, by selecting the method of
contour approximation as CHAIN_APPROX_NONE, we
ensure that all the points in the chain code are stored.

findContours(destImg, contours, RETR_EXTERNAL,
CHAIN_APPROX_NONE);

In order to characterize the detected contour further, we
bounded them in a rectangle using boundingRect() function.
It is worth mentioning that the area of bounding rectangle
was also experimentally selected to be between 100 and
9500. Its center is then found by computing contour
moments. Two vectors are initiated, where one represents
counters’ moments, and another is used to hold their
coordinates. Bounding rectangle and its center are depicted
in the pictures as red rectangles with blue dot inside.

E. Vehicle counting

As it was stated before, we apply both blob detection
and contouring method to ensure more accurate detection of
the vehicles. The main condition is that the program will
track only those vehicles that are captured by block
detection as well as by contouring. If it is satisfied, then
counting is performed by establishing a reference line, and
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comparing its coordinates with the center of contours at the
moment when the vehicles cross it. For our source video,
two reference lines are introduced; one is on the left, and
another is on the right side of the road. When counting
occurs, a color of the lines changes from red to yellow or
vise verse. Final number of vehicles is then displayed at the
display. The following code represents the condition for one
of the reference lines; first four statements are applied for
the sides of contour bounding rectangle, and the last is for
the detected blobs.

if (((vpoint[i]l.y>=(3*height/5-5) &&
vpoint[i].y<=(3*height/5+5))&&((vpoint[i]. x>=50) &&(width/2-
30)))&&(keypoints, true))

III. EXPERIMENTAL RESULTS

Testing process of source code was carried out using a
laptop powered by an Intel Core i5 (2.67 GHZ) CPU and
4GB RAM. Raw video is taken from UK website picturing
M6 motorway. Figures from 2 to 7 illustrate experimental
results.

Fig.2 Original frame.

Fig.3 After background subtraction.
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Fig.4 Noise rejection.
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Fig.7 Detection in the dark environment.

The program was able to detect and count vehicles
passing through the scene. It is noteworthy that the accuracy
of testing has increased when the contour recognition was
applied over the blob detection. Initially, the program
recognized approximately 30 vehicles out of 100. However,
combination of both methods enhanced the performance
presenting 65 vehicles out of 100.

The testing in the dark environment revealed less
accurate results. This happens owing to the fact that control
parameters may vary from the day time settings.

IV. CONCLUSION

Potential growth of traffic congestion leads to a high
demand of vehicle detection systems for an effective and
low-cost traffic surveillance. This paper proposes vision
based detection and tracking algorithm for the vehicles
moving on the road.

The system is based on computer vision techniques
including  background subtraction, morphological
transformations, and blob and contour detections. Vehicles
are detected from video frames, tracked and then counted by
the program, which is running on OpenCV.

Future aspects of concentration include:

e Adjust the program to perform detection in the
dark environment;

e  Establish timers to track vehicles only when
required

e Combine other image detection techniques to
increase the accuracy

® Implement algorithm into the existing traffic
control system
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Abstract— In medical world the rapid and cost-effective blood
cell count methods are required. However, the most used and
traditional method of white blood cells counting is implemented in
manual way under microscope by medical laboratory technician.
The significance of the white blood cells (WBCs) also known as
leukocytes, is that they play role in the diagnosis of different
diseases. As a solution to this issue this project is aimed to provide
the automatic computer application created with OpenCYV software
for white blood cell detection and counting. The application
proposes two methods of WBCs identification and counting. Mainly
using the image segmentation and contours detection functions
were used to achieve desired results.

Keywords—White Blood Cells; computer application; medicine;
blood analysis

I. INTRODUCTION

Almost all diagnosis of diseases made by medical
professionals can not be approved without blood analysis. In
medical world the rapid and cost-effective blood cell count
methods are required. The significance of the white blood
cells (WBCs) also known as leukocytes, is that they play role
in the diagnosis of different diseases. WBCs counting is
important part of blood analysis and requires rapid
implementation in order to make conclusion, since there
various diseases such as leukemia which in case of long non-
detection of it can progress in very rapid periods. However,
the most used and traditional method of WBCs counting is
implemented in manual way under microscope by medical
laboratory technician. Hence, existed manual method is not
effective from time and human factor error prospective, which
is one of the most obvious and undesirable factor. It may
results to inaccurate outcomes or significant mistakes; and all
these cause an amount of stress to medical worker. One of the
ways to solve this issue in contemporary world is creating of
digital device, engineering system or computer program which
will significantly facilitate the process of blood analysis.
However, the existence of such hardware systems as the
Automated Hematology Counter does not bring desirable
results since its non-accessibility in developing countries and
ordinary hospitals due to expensive price. As a solution to this
issue this project is aimed to provide the automatic computer
application for white blood cells detection and counting.
Particularly, in this case the principles of programming
software application will be used. This project will be
implemented with OpenCV computer application, which
creates different types of program usually intended to
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recognizing object, using the digital cameras for various aims
and etc. Specifically, the main principle and function of the
software will be detection and counting of the white blood
cells on microscopic images of the blood. Moreover, this
application is aimed to be cost-effective, accessible and
efficient as its alternative in recognizing and analyzing blood
cells.

II. METHODOLOGY

Modern medicine involves various technical innovations
which contribute to better investigations of the human body
and its treatment. Generally, the price of such technical
application and facilities are very expensive or available in
developed countries where medicine is at very high-tech level.
Unfortunately, considering post-Soviet countries such as
Kazakhstan, the level of the medicine is still developing and
there is a shortage of technical facilities which would make
the job of the medical workers better and easier. And white
blood cells analysis is one of such procedures which in
category of manual implementation. Based on this fact we
came up with the idea to develop a digital application for
WBCs detection and counting, which will be available and
easy controlled and possibly will make slight contribution to
the medicine on the local level.

Firstly, there was decision to make brief investigation on
blood analysis and blood cells and their features,
specifications and many other things. As a result, we learned
that white blood cells also known as leukocytes different from
other blood cells by color factor. To be specific these cells
usually exist in large amount in blood and have the shape and
the size shown on the Figure 1.

Figure 1. White blood cells (here two blue colored cells)
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Next, the manual way of defining the number of white blood
cells will be briefly explained here. Standard Count of cell
types is implemented with a Hemacytometer, which is also
known as the Counting Chamber (CC) is shown on the Figure
2. The different blood cell types are used for count, which can
be categorized into 2 areas: 1. Standard Count for Red Blood
Cells (RBC), White Blood Cells (WBC) and Platelets (PLT);
2. Differential Count for WBC. Our preliminary project will
provide standard count which means it will not distinguish
different types WBCs.

The number of these cells provides information about
condition of human’s immune system. The larger the number
of white blood cells the more serious problems in human’s
health needs to be determined. According to established rules
blood cells are counted per unit volume (per liter); moreover,
it is vital that the volume of blood, where the counting of cells
is conducting corresponds to a known quantity. Usually, there
are counting grids of the size 3mm x 3 mm, which create a
special objective slides in CC. There are 2 such counting
grids in the middle as it can be seen from the Figure 2.

Figure 2. Counting Chamber

The schematic representation of the counting grid is shown in
the Figure 3. The counting grid consist of 9 big squares 1 x 1
mm each, which create central square with 25 medium sized
squares, measuring 0.2 x 0.2 mm. Further, these squares
divided into 16 small squares with size 0.05 x 0.05 mm. Due
to these separations the RBC and PLT are established, as well
as WBC and others.

Figure 3. Schematic representation of the counting grid In the
RBC and Platelet count, the erythrocyte grid in the middle is
examined much closely.

This method is explained here with the aim to have brief
understanding of manual way of counting cells.

Based on this knowledge experimental code for the
application was created and tested various times. To

implement preliminary experiment we found various
microscopic images of blood and used them as samples.
During the procedures code was repaired and analyzed plenty
of times debugging mistakes and inaccuracies. To provide
more detailed information, firstly, the procedure was begun
from creating the algorithm, where each step of computer
application was thought. As the application starts, the
microscopic images, used as samples in our case, are uploaded
for further analysis and investigation. Next, main functions of
the software begin to work, which is a creation of space for
separate red, green and blue color channels and mask of the
image. And, an application continues procedure by splitting
the image to three RGB channels. Next, equalizing of each
channel occur by increasing the intensity. The result of sample
in view of green channel is used in threshold function to
distinguish white blood cell areas making white color (255)
and other regions black color (0).The next step is counting
WBCs. In our project we proposed two methods of WBC
counting.

The first one is simple we just calculate total number of
white pixel which corresponds to leucocytes and divide it to
the size of one cell.

The second one is more complex. Here, it finds contours
and investigate each of them separately. Specifically, it takes
each contour and checks if area of that contour greater than
half of the one cell area, then divides that contour’s area to the
one cell’s area and approximates the obtained value to the
whole integer. The main advantage of this method is
elimination of little unnecessary regions which can accumulate
to the errors. Moreover, it helps recover lost areas caused by
overlapping leukocytes.

Further, after various testing and analysis the preliminary
C++ code of the program was created. The code of the
application can be observed and considered in Appendix A.

III. RESULTS AND ANALYSIS OF DATA

Moving to the results we obtained the developed code
created opportunity to test the samples of the microscopic
images of WBCs. Two samples were examined to detect and
count white blood cells. In the first image by manual counting
we can see that there are 9 white blood cells (Figure 4).
Moreover, Figure 5 shows that our program counted 9.5 white
blood cells which almost equals to 9. However, that small
error can accumulate to several blood cells if an image
contains huge amount of blood cells. The main disadvantage
of this method is overlapping leukocytes which may cause
some area to be lost per intersection.

That is why we proposed second method of counting.
Result of the second method is 9 which is 100% precise to the
actual amount of WBCs (Figure 5) because in this case
contours are identified and each contour investigated
individually. The main idea of this method is elimination
unnecessary little contours that accumulate to errors as in first
method. Moreover, problem of overlapping leukocytes was
solved by counting leukocytes and applying approximation to
the whole integer number for each contour.
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5] Mask of the image

Figure 4. Input microscopic image of blood cells (a) and
output image after making it binary (b) and contour drawings

(c).

i C\Users\User\Documents\Visual Studio 2010\Projects\QPEN_CV_TESTADebug\OPEN_C\_TEST.exe
ity V.

Please choose the image. Press 1, 2 or 3: 1
Please, ENTER average size of one WBC (in square pixels): 576

-- ---METHOD 1

Total number of WBCs: 9.49132

METHOD 2 . . o . .
Total number of WBCs: Figure 7. Output image after making input image binary.

[= [ 2 [

Figure 5. Output of the c++ code showing the amount of the
WBCs.

Then next image with much more blood cells was analyzed by
applying the same procedures (Figure 6, Figure 7, Figure 8).
For this example by precise manual counting we obtained 202
WBCs. According to the results the program counted 209
WBCs and 201 WBCs by first and second methods
respectively (Figure 9). From this point we can see that in first
method the error accumulated to much more values than
compared to previous example, as it was predicted. Result of
the second method almost the same as actual amount of
WBCs, with only one cell error. In manual counting an
acceptable maximum limit of the error is 10%. From this point
we can state that error of our program is in permissible region.

7] Image of blood cells =N - - — - — =
R = Figure 8 Drawing of the identified contours for second

example.

B CAUsers\User\Documents\Visual Studio 2010\Projects\OPEN_CV_TEST\Debug\OPEN_CV_TEST.cxe

Please choose the image. Press 1, 2 or 3: 2
Please, ENTER average size of one WBC (in square pixels): 576

b Total number of WBCs: 209.038

METHOD 2.
Total number of WBCs: 201

| Figure 9. Output of the c++ code showing the amount of the
i WBCs for second image.

We investigated third image in order to be confident that our

application can analyze different images (Figure 10). The

actual precise number of leukocytes in this image is 313. Our

ol . application calculated by first method 430 and has huge error

(Figure 12). From this point we can say that method 1 totally

Figure 6. Second input microscopic image of blood cells. failed in this example. The second method counted 303 cells
with only 3% error which is in permissible region.
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7| Image of blood cells

4

Figure 11. Drawing of the identified contours for third
example.

# ° C\Users\User\Documents\Visual Studio ZOIU\PW]EHS\OP[N cv. TEST\Debug\OPEN CV_TEST. =

Please choose the image. Press 1, 2 o
Please,

3
ENTER average size of one NBC (in square pixels): 45

430,289

Total number of WBCs:

Figure 12. Output of the c++ code showing the amount of the
WBC:s for third image.

As it was demonstrated, the application implements its main
purpose. Therefore, it needs to be finished out by improving
the code and creating the interface and design of the
application. Moreover, we need to consider connection of
camera or digital microscope in order to have real time image
of blood cells.

IV. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

To sum up, in our project we examined microscopic blood
test images using OpenCV and C++ programming language to
detect white blood cells and count their amount. Mainly cells

detection was made by image segmentation. We proposed two
methods and implement them both in order to determine
which one is more appropriate. Preliminary results of the
project showed that our solutions met the basic concept.
Analyzing the results, we came up with decision that second
method is more reliable and precise. Specifically, contours
identification and investigating them in second method helped
us to eliminate errors accumulated in more simple first
method. Moreover, the correctness of the experiment was
verified by manual counting of the WBCs conducted by
ourselves. Further studies and development of C++ code of the
program could be done in order to do differential counting of
WBCs distinguishing their types. Along with obtained results,
we will continue improvement and development of the
application by upgrading it. It is need to be mentioned, that
although our experiment met expectations it still can not
realize real time or immediate detection since we did not
consider connection of digital microscope which will make
microscopic images itself. Therefore, we will need to add this
functions and procedures to the application. Moreover, we
need to do more deep investigation of blood structure to make
the application more useful and universal.
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Appendix A

Code of the computer application:

#include <iostream>

#include <stdio.h>

#include <opencv\cv.h>

#include <opencv\highgui.h>

#include <math.h>

/******************************************

Nazarabyev University, Astana city

Course title: Principles of Programming

Project title: Blood Test

Authors: Madiyar Bazylkhanov ID 201202190
Dauken Seitkali 1D 201203167

Last modified date: 01.04.2015

st st e ste sk skeste skt sk steskoskekoskstestolostoslostokoskotokoskokokosdoiskolokoskorskokokoksk

using namespace std;
int main(int arge, char * argv[])

int choose_image;
cout<<"Please choose the image. Press 1,2 or 3: ";
cin>>choose_image;

IplImage* image;

if (choose_image==1) image = cvLoadlmage("D:W\ART\\i2Vmr.png");

else if (choose_image==2)image = cvLoadImage("D:\\ART\s58Hl.jpg");

else image = cvLoadlmage("D:\\ART\\cllblood.jpeg"); //loading microscopic image file
cvNamedWindow("Image of blood cells", CV_WINDOW_AUTOSIZE ); // creating input window
cvNamedWindow("Mask of the image", CV_WINDOW_AUTOSIZE ); // creating output window

cvShowImage("Image of blood cells", image ); //Show input image in input window

/ICreating space for separate r, g, b channels of the image and output masks of the image

Ipllmage* r = cvCreateImage(cvGetSize(image), IPL_DEPTH_8U, 1); //r

Ipllmage* g = cvCreateImage(cvGetSize(image), IPL_DEPTH_8U, 1); //g

Ipllmage* b = cvCreatelmage(cvGetSize(image), IPL_DEPTH_8U, 1); //b

Ipllmage* mask = cvCreateImage(cvGetSize(image), IPL_DEPTH_8U, 1); //mask for white blood cells

cvSplit(image, b, g, r, NULL);  // Splitting into three channels in order to get separate RGB images

/l equalize r, g, b in order to increase intensity
cvEqualizeHist(r,r); //equalise r
cvEqualizeHist( g, g ); //equalise g
cvEqualizeHist( b, b ); //equalise b
cvShowImage("Mask of the image", g);

cvThreshold (g, mask, 72, 255, CV_THRESH_BINARY_INV); // making white blood cells grey
/I and other spaces black in new image named mask
cvShowlmage("Mask of the image", mask);

double gray_size; // size of the white blood cell areas in pixels
double cell_size; // cell size of the one white blood cell
double cell_num_method1; // number of white blood cells for 1st METHOD

cout<<'"Please, ENTER average size of one WBC (in square pixels): ";
cin>>cell_size; // entering premeasured size of one WBC

cout<<endl<<"-------- METHOD 1-------- "<<endl;

gray_size = cvCountNonZero(mask); // counting the size of the WBC areas
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cell_num_method1 = gray_size/cell_size; // calculating final amount of the white blood cells
cout<<endl<<"Total number of WBCs: "<<cell_num_methodl<<endl;

Jl-=mmmmmmm - METHOD-2---contour identification and drawing //

cout<<endl<<"-------- METHOD 2--------- "<<endl;
CvMemStorage* storage = cvCreateMemStorage();
CvSeq* first_contour = NULL;

// finding contours in image named "mask"
int Nc¢ = cvFindContours(
mask,
storage,
&first_contour,
sizeof(CvContour),
CV_RETR_LIST,
CV_CHAIN_APPROX_SIMPLE
);
/I drawing each found contour on the original image
for( CvSeq* c=first_contour; c!=NULL; c=c->h_next ) {
cvDrawContours(
image,
c,
CV_RGB(20,30,40),
CV_RGB(20,20,40),
L,
1
8

s

double cell_num_method2=0;
double contour_area=0;
for( CvSeq* c=first_contour; c!=NULL; c=c->h_next )

{
contour_area=cvContourArea(c, CV_WHOLE_SEQ);
if ( contour_area > cell_size/2) // ONLY considering contours with area greater than half area of one WBC
{
if (contour_area/cell_size - (int)(contour_area/cell_size) > 0.4)
cell_num_method2 = cell_num_method2 + (int)(contour_area/cell_size) + 1;
else
cell_num_method2 = cell_num_method2 + (int)(contour_area/cell_size);
}
else continue;
/ cout<<"new: "<<cell_num_method2<<endl;
}

cout<<"Total number of WBCs: "<<cell_num_method2<<endl;
cvShowImage("Contours", image);
//Show output image in output window

cvWaitKey(0);
cvReleaselmage( &g);
cvDestroyWindow( "Mask of the image");

return 0;
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