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Abstract: In this paper we describe the conventional design of ECG and EEG circuits and their software
implementation using LabVIEW to carry out medical tests and provide patient-doctor interaction in case of
physical absence of the doctor near the patient. In addition, an effort to develop an embedded prototype for
abnormality identification is highlighted using LabVIEW.
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I. Introduction

In this modern era, robots are performing an increasingly important role of enhancing patient safety in the
hurried pace of clinics and hospitals where attention to details and reliability are essential. In recent years, robots
are moving closer to patient care, compared to their previous role of providing services in the infrastructure of
medicine. To develop a robotic prototyping based software programming which would be used for analyzing
medical tests like Electrocardiography (ECG), Electroencephalography (EEG) and pulse rate measurement
carrying out at a client location. The lack of availability of doctors near the patient and a lower patient to doctor
ratio are serious problems faced in India and adversely affect the medical treatment to be provided to people.
The doctor has no information about the patient’s health condition when he is not physically present near the
patient. The robotic system developed herein acts as a medium of communication between the patient and the
doctor in case of physical absence of the doctor and also performs medical tests like ECG, EEG and pulse rate
measurement when asked by the doctor to do so..

Il. Challenge

In the present Technology [1], Electrocardiography (EEG) and Electroencephalography (EEG) have been
designed and optimized under different medical circumstances. The most conventional tradeoffs among all of
them can be on the software and hardware forefront which stood ahead as the medical world demands
compactness and proficiency in the performance.

The challenge faced in this paper was in developing a robotic prototyping based software programming which
would be used for analyzing [2] medical tests like ECG, EEG and pulse rate measurement carried out at a client
location. The lack of availability of doctors near the patient and a lower patient to doctor ratio are serious
problems faced in India and adversely affect the medical treatment to be provided to people. The doctor has no
information about the patient’s health condition when he is not physically present near the patient. The robotic
system developed herein acts as a medium of communication [3] between the patient and the doctor in case of
physical absence of the doctor and also performs medical tests like ECG, EEG and pulse rate measurements
when asked by the doctor to do so.

I11. LabVIEW ™ Prototyping

Laboratory Virtual Instrument Engineering Workbench (LabVIEW) is a graphical control, test, and
measurement environment development package. LabVIEW is a graphical programming language that uses
icons instead of lines of text to create programs. It is one of the most widely used software packages for test,
measurement, and control in a variety of industries.

LabVIEW™ is one of the most important software platforms for developing engineering applications and can
be connected with different hardware systems and also used for running standalone programs for simulating the
controller’s performance (validating the controller by simulation then implementing it). In addition LabVIEW™
is a graphical programming language that is very easy to learn and has very less work on conventional coding.
The time for implementing an application compared to conventional coding is very less which contributes
enormously for an industry to test , measure and control an industrial process effectively.
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IVV. Graphical Programming

To improve the cause of medical treatment, a robotic system is developed herein using NI LabVIEW. The robot
is under the supervisory control of the doctor. The doctor controls the robot from a distance and commands the
robot. The doctors make the robot move to a particular patient’s room and monitor the patient’s room through
high resolution camera. These images are viewed continuously by the doctor and the doctor also interacts with
the patient through the camera. The robot can also be commanded by the doctor to perform medical tests like
ECG, EEG and pulse rate measurement. The reports of these tests would be sent to the doctor’s computer
through TCP/IP protocol. The doctor then analyses these reports and detects abnormalities using LabVIEW.
Graphical system design approach solves the problem by enabling user friendly interface. The doctors would
find it easy to operate the system and analysis of reports would also be easy.

V. System Configuration

The system developed consists of the following components:
e ECG and EEG hardware(in house developed)
Pre-amplifier circuits [4]
ECG and EEG measurement electrodes [5], [6]
Power supply unit
Camera
National Instruments Educational Laboratory Virtual Instruments Suite | (NI-
EIVIS 1) for testing of individual components
e NI SbRI109642 for the final implementation
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Figure 1: Block diagram illustrating the entire system constituency

The doctor would control the robot’s X-Y axis movements through Lab VIEW. Twelve lead ECG [4] analyses
are performed in order to determine the accuracy and the programming requirements. The robot conducts ECG
testing on the patient when commanded by the doctor to do so and sends the test report to the doctor’s computer
[11]. The software is programmed to detect abnormalities in the reports arising due to the patient’s health
condition and report the abnormalities. The software also calculates the patient’s pulse rate from the ECG
report.

Single lead EEG [9] analysis is performed. The Lab VIEW software at the robot end is programmed to conduct
EEG testing. The software is programmed to compare these reports with the standard Delta and Beta waves
generated in the EEG testing of a healthy person and detect abnormalities [10], if any.

A. Hardware Design

The ECG and EEG signal conditioning circuits require gain tuning and the design is optimized at hardware level
using Multisim software to estimate the design for a real time implementation [19]. It consists of three stage
amplification to reduce the distortions of 50 Hz power supply. In addition, frequency analyses are carried out in
order to determine the cut-off frequencies of the circuits. The signals are then filtered and sent to the NI ELVIS
kit. The software processes the signal and analyses it for the purpose of detection of abnormalities, if any. The
pulse rate is also calculated. The figure 2 illustrates the simulation of the three stage amplification circuit
designed on Multisim software.
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Figure 2: Simulation of the ECG hardware circuit using Multisim software
B. ECG Electrode Analysis

The standard 12-lead ECG can be derived from the orthogonal Frank lead configuration by the inverse Dower
transform [4], and can be useful in many circumstances [18]. Furthermore, the six chest leads (V1 to V6) can be
derived from leads I and II by Einthoven’s Law [14]. However, the quality of derived leads may not be
sufficient for analyzing subtle morphologic changes in the ECG (such as the ST segment). For instance,
significant differences in QT dispersion between the Frank leads and the standard 12-lead ECG have been
reported [12]. Kligfield points out, there is no consensus regarding which lead or set of leads should be routinely
used in QT analysis, in part due to the varying definitions of the end of the T wave, which produce differing
results on differing leads [13].
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Figure 4: Front panel of the EEG and ECG testing setup with NI ELVIS-1
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In general, it seems sensible to assume that we should use as many maximally orthogonal leads as possible.
Above this, as many extra leads as possible should be used, to increase the signal-to-noise ratio, noise rejection,
and redundancy. However, the anisotropic and non-stationary dielectric properties of the human torso (due to
respiratory and cardiovascular activity) mean that spatial oversampling is often required to give an accurate
evaluation of clinical features. In other words, multiple leads in similar locations (such as V1 though V6) are
often required. The design considered for a the 12 lead ECG here is based on the Wilson circuit arrangement
.The advantage of this method relies on the simplicity in construction of the circuit and the effective grounding
using the right leg driver circuit arrangement .The buffers provided at every filtered output ensures to avoid the
loss of information during data acquisition using embedded hardware.

C. Software Implementation

The front panel shown in figure 4 illustrates the observations made during a test run for ECG [13]. The program
intends to maintain a database of the persons registering for the sort of testing recommended by the doctor. The
development of this prototyping includes a report generation at the user interface to be filed for reference too.
Thus, different displays are provided to enhance the scanning ability of the signal received and random
modulation with symptoms of diseases observed, if any.

The block diagram illustrated in figure 5 is a subvi program which is executed for computational organization to
identify the physical relationships of each of the wavelets [12]. The noise frequency of ac supply is considered
for the prototyping point of view which must be tackled in the real-time interfacing [17].The block diagram
shown in figure 5 explains a sub VI which selects the human EEG signal range and determines the output
analysis to be carried out[15], [20]. As seen in figure 6, the EEG analysis can’t be affirmed with a single lead
and hence a provision for three outputs to be read at a time so as to extricate flaws in the judgment.
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Figure 5: Block diagram of the subVI developed Figure 6: Block diagram illustrating the EEG
for ECG development analysis

D. Abnormalities aimed for detection

Heart rate measurement under severe conditions of bradycardia and tachycardia.
Wolf-Parkinson syndrome.

Detection of fascicular blocks.

Non-specific intra ventricular disorder.

Malignant ventricular arrthy mias.

Premature atrial and ventricular contractions. Atrial fibrillation

Analysis of EEG signals of a sleeping, anaesthetic and comma patient.
Influence of Ben zodiazepines.

E. Benefits of using Graphical System Design Approach
e Ease of programming.
e Advanced troubleshooting and signal manipulations
e Rapid prototype board designing and interface with NI-ELVIS.

V1. Conclusions

The developed virtual instruments (\VIs) were incorporated with a human interface to validate results to support
a dedicated test bed for implementation at SRM University premises, which would bring in a revolutionary and
agile system to reality encompassing and fulfilling the needs of the country.
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