Indonesian Journal of Electrical Engineering and Computer Science
Vol. 25, No. 2, February 2022, pp. 980~988
ISSN: 2502-4752, DOI: 10.11591/ijeecs.v25.i2.pp980-988 a 980

Measurement of an electroretinogram signal and display waves
on graphical user interface by laboratory virtual instrument

engineering workbench

Mustafa F. Mahmood, Huda Farooq Jameel, Mayss Alreem Nizar Hammed
Department of Medical Instrumentation Techniques Engineering, Electrical Engineering Technical College,

Middle Technical University, Baghdad, Iraq

Article Info

ABSTRACT

Article history:

Received Sep 25, 2021
Revised Dec 5, 2021
Accepted Dec 17, 2021

Keywords:

AD624AD-model
Arduino

DTL electrode
Electroretinogram
LabVIEW

The electroretinogram (ERG) is an electrophysiological recording method
that measures the retinal electrical potential. The electrical reaction is
quantified by electrical interaction of the indicator electrode with the cornea
or at various levels inside the retina. However, such ERG systems suffer
from certain limitations and challenges, such as high cost, low a/b-wave
amplitude, and the outcomes do not provide any information about patients.
In this work, we designed and implemented a real-time prototype for an
ERG system for measuring eye waves via diode-transistor logic (DTL)-
electrode and AD624AD-model. In addition, a graphical user interface
(GUI) via virtual instrument engineering workbench (LabVIEW) was used.
The developed system achieved high amplitude for ERG a/b-waves of about
100 and 700 mV. In terms of a/b-waves in the system, the findings show that
this study has good results for optimizing the measurement of ERG signals.
The method showed satisfactory accuracy of about 92.5% for 10 participants

aged 20-60 years and comprising both genders.
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1. INTRODUCTION

Numerous photoreceptor cells are activated when a light flash lands on the retina. The
electroretinogram (ERG) records the temporal evolution of this mechanism, which includes changes in
interlayer currents that determine variations in ERG. This test is used for diagnosing irregular retina activity,
which is the part of the eye that senses light. This examination studies the rods, cones, and light-sensitive
cells of the eyes. An electrode is positioned on the cornea head during the test to measure the electrical
response of the retinal cells to light. An ERG is useful for determining hereditary and acquired retina
disorders. An ERG may also be helpful for deciding whether retinal surgery is preferred to other forms of
ocular surgery. For example, cataract surgery may help improve a patient’s eyesight. Retinitis pigmentosa,
Leber’s congenital amaurosis, choroideremia, Usher’s syndrome, night blindness, and cone dystrophies are
some of the disorders for which the doctor may examine [1]. The retina is positioned on the back of the eye,
representing the sensory portion of the eye [2]. The ERG is a prospect for calculating the electrical activity of
retinal cells when the eye is stimulated by light of adequate intensity, where the amount of current exterior to
the eye can be recorded as a voltage drop on the terminal of the electrode that relates with the eye, then a
signal is sent across the cable electrode. The ERG test usually requires a light source, electrodes, and
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electronic circuits. For children, the test uses diverse shapes, for example, cartoon images [3], [4]. This test is
highly necessary to determine the types of diseases affecting the retina [5]. Many papers on laboratory virtual
instrument engineering workbench (LabVIEW) analysis of ERG waves have been published in the last
decade, and it has become a popular subject among scientists. Some researchers examine a variety of
different applications and objectives. However, analyzing ERG wave systems relies on electrodes,
operational amplifier type, application software, and a/b-wave amplitude.

Umashankar and Panse [6] introduced an ERG system using LabVIEW for measuring a bioelectrical
signal of the human retina. The system consisted of a simulation ERG signal, signal measurement, analysis,
ERG signal display, and peak values. The experimental results for system showed that anomalies were
observed and the simulated ERG was used for examining participants with abnormalities detected. In
addition, the a/b-wave amplitude was about -0.19 pV and +0.5 uV, respectively. Vijayprasath et al. [7]
presented an electrooculography (EOG) system using LabVIEW for measuring waves from eyes. The system
involved an electrode, filters, amplifiers, LabVIEW Ni-DAQ, and a laptop or personal computer. The
experimental results revealed that the system analyzed data in real-time using a circuit designed in
LabVIEW, and the results were displayed on the personal computer (PC). Mamatha et al. [8] studied EOG
and electroencephalogram (EEG) signals using several programs such as Multisim and LabVIEW in smart
sensor design and analysis of the eye and brain-machine interface. The system comprised a filter, amplifiers,
and oscilloscope to display the results. The experimental results revealed that the system had 90% accuracy
for analyzing EOG and EEG signal data. Carpi and Tomei [9] reported on detected eye ERG by using
electrodes from several non-invasive methods. The system consisted of electrodes, amplifiers, and
oscilloscopes to display the results. The experiment was conducted on pigs, where the device was implanted
in the chest. The experimental results revealed that the system recorded the Vpp using electrodes. In addition,
the CT electrode performed better than the Henkes corneal electrode for recording amplitudes. Furthermore,
the a/b-wave amplitude was about -100 pV and +220 pV, respectively.

Esakowitz et al. [10] presented an ERG system using six types of electrodes for measuring the
bioelectrical signal of the human eye. The system consisted of electrodes, amplifiers, and recorder waves to
display the peak values. The experimental results showed that the Burian-Allen electrode was better than
other electrodes in terms of amplitude and efficiency, which were 471 pV and 100%, respectively. The a/b-
wave amplitude was about -20 puV and +60 pV, respectively. The system used several types of electrodes.
Robles-Camarillo et al. [11] presented an ERG system for measuring the electrical signal of the human eye.
The system involved electrodes, an adaptive model, and an electronic system. The experimental results
showed that the standard ERG tests improved visual acuity and increased electrical b-wave response when
applied to patients with low vision produced by central retinal artery occlusion. The a/b-wave amplitude was
about -160 pV and +400 pV, respectively. Brigell et al. [12] designed and implemented an ERG test for
measuring the a-wave from eyes. The method involved recording ERGs, sequence and timing, scotopic flash
spectral characteristics, scotopic stimulus flash strengths, flash duration, photonic background, and response
analysis. The experimental results revealed that the system analyzed the retinal data. In addition, disturbances
occurring in the retinal receptors were shown. Furthermore, the a-wave amplitude was about -300 pV.
McCulloch et al. [13] designed and implemented an ERG system for measuring and detecting rods in a cone
mutant in humans. The system involved electrodes, an adaptive model, and an electronic system. The authors
studied two areas (i.e., light/dark-adaptive) and eye waves. The experimental results showed that a-wave
amplitudes were produced by cones and cones and that b-wave amplitudes were generated mainly by retinal
activity in bipolar cells. In addition, the b-wave amplitude was +150 pV. The system studied the response for
light and dark adaptation. However, it was a prototype model.

Grace et al. [14], the objective of their project was to determine the feasibility, sensitivity, and
specificity of a non-sedated handheld cone ERG in children’s eyes. The system involved electrodes and an
adaptive model. The experimental results showed that the ERG tests differed according to the children’s
ages. Kim et al. [15] studied several waves detected from mouse eyes (i.e. ERG, optical coherence
tomography, objective optoretinography), and reported that photoreceptor dysfunction can be detected early.
The system involved a light source, electrode, amplifier, and filter. In addition, the wave was processed with
several programs (i.e. MATLAB and LabVIEW). The experimental result showed that the waves could
detect the initial phases of retinal degeneration. The a/b-wave amplitude was about -0.3 mV and +0.3 mV/,
respectively. The system detected a photoreceptor dysfunction and analyzed several waves.
Venkatraman et al. [16] studied ERG analysis to detect rods in a cone mutant in zebrafish. The system
involved electrodes, an adaptive model, and an electronic system. The authors studied two areas (i.e.
light/dark-adaptive). The experimental results showed that dark-adaptive area was low amplitude compared
with the light-adaptive area. In addition, the wild-type fish responded to light better than the other types. The
b-wave amplitude was +500 pV. The system studied responses in animals. However, it was a prototype used
for animals only.
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Quite recently, considerable attention has been paid to medical devices to several factors including
the high cost, size and weight of the medical device. In additon, amplitude for ERG waves was low in micro
volt. The present study involved for resolve these issuses via using two units: hardware and software units.
The hardware unit included an electrode, DC power supply, operation amplifier, filter, printer, and an
Arduino Mega 2560 microcontroller. The software unit involved the LabVIEW program and graphical user
interface (GUI). The main objective was to optimize the measurement of ERG signals. The contribution of
this paper is summarized as follows:

— Designed and implemented a lightweight ERG system.

— Improved the measurement of ERG signals relative to previous related works.

— Detected ERG signals via a sterile diode-transistor logic (DTL) electrode. In addition, the ERG signal was
amplified via the AD624AD model in the hardware unit.

— Printed information on a patient’s eye via the GUI system in LabVIEW in the software unit.

— Compared the results with previous studies in terms of a- and b-waves.

Following is the rest of the paper. The proposed device design is shown in section 2. Section 3
introduces and defines the module experiment configurations. The overall results and discussion of the
method are highlighted in section 4. Compare between current and previous studies two parameters in
section 5. Finally, a conclusion and recommendation with observations and suggestions for future studies
were presented in section 6.

2. SYSTEM MODEL

The ERG is a recording method for determining the electrical potential of the retina. The electrical
contact of the indicator electrode can be used for measuring the electrical reaction. Figure 1 depicts the
proposed structure, which consists of two units: hardware and software unit. The hardware unit includes the
patient’s eyes, electrode, DC power supply, operation amplifier, filter, printer, and microcontroller (i.e.,
Arduino Mega 2560). The software unit involves a laptop, LabVIEW version 2015 (national instruments),
and a GULI. The first unit a signal from the eye is detected via the electrodes. Then, it is amplified with an
operational amplifier. Next, filters remove the distortion in the signal from the operational amplifier. The
second unit, the signal is input to the laptop via the microcontroller. The result is displayed in the LabVIEW
GUI and printed on A4 paper.

Hardware unit

DC-Power supply !
Patient eye ‘

9V
V Arduino
) K ’ Electrodes H Amplifier H Filters |—> (MEGA-

el 2560)
O — E
L= LabVIEW !
| E— program ]
i Laptop i USB port

Software unit

Figure 1. Block diagram for ERG system

2.1. Hardware unit

The hardware unit comprises an electrode, DC power supply, operation amplifier, filter, and
microcontroller. First, the electrode used involves an active electrode and a ground electrode to ensure the
success of the test ERG. In this system, we used a DTL electrode. The active electrode is the main electrode
that includes a recording electrode and reference electrode. One characteristic of the reference electrode is
that it is an antiseptic electrode that consists of 6.5 cm silver-impregnated nylon thread affixed to two self-
adhesive pads attached to the outer and inner parts of the area around the eye, one terminal that is in contact
with the cable connected to the unit. The recording electrode is the electrode in contact with the cornea or the
nearby bulbar conjunctiva under the eyelid, which should be used for standard full-field recording, which
represents the small affixed positive electrode. The reference electrode should be placed on the skin near the
analogous outer part of the area around the eye, representing the large affixed negative posterior electrode.
The ground electrode is in contact with the mastoid in the earlobe or forehead locations such as with
electrocardiogram (ECG) electrodes. To avoid problems with the signal, it is usually recommended to clean
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the area on which the electrode is placed [17]-[20]. Second, the small amplitude of the eye wave and
frequency requires amplification of the signal via an amplifier similar to those used in electrocardiography
(i.e. the AD624AD model). The characteristic for this module includes high-accuracy pre-trimmed internal
gain resistors. These allow for single connection programming of gains of 1, 100, 200, and 500 [21]. The
operation amplifier requires a 9 V external voltage source, so we used a power supply. Third, the output
signal that contains noise and interference was filtered. Here, we used a second-order bandpass filter to filter
the signal from the operation amplifier [22]. The microcontroller used in the present study is based on the
ATmega2560 processor [23], [24]. It is small, targeted at low power consumption, lightweight, and
inexpensive [25], [26]. Also, it is programmed using C+ language with a 16 MHz crystal oscillator [27]. It
has 54 digital input/output pins. Note that this number of pins consists of 14 pins used as pulse-width
modulation (PWM) outputs, 16 pins used as analog inputs, and four pins used as universal asynchronous
receiver transmitter (UART) hardware serial ports [28]-[30].

2.2. Software unit

The software unit involves three main components: laptop, LabVIEW [31], [32] and a printer for
printing the result. The laptop is connected with the microcontroller via a universal serial bus (USB) cable.
The laptop also supplies power to the microcontroller and sends information to LabVIEW via the USB cable.
Next, we used LabVIEW for processing and analyzing patient information such as gender and age according
to the GUI. This information was printed via a Canon G-3411 wireless printer on A4 paper. Table 1, shows
the current experimental technique as well as the test parameters used.

Table 1. The current experiment, the experimental technique and test parameters were used

Parameters Description
DTL electrode 6.5 cm silver-impregnated nylon thread affixed to two self-adhesive pads
Amplification- AD624AD model  High-accuracy pre-trimmed internal gain resistors, gains of 1, 100, 200, and 500
Filter Second-order bandpass filter rang between 0.1 and 3000 Hz
Processing Microcontroller Arduino Mega 2560
Software — Arduino IDE software

— LabVIEW

Devices —  Power supply 9 V

— Storage oscilloscope (model UTD2025CL)
— Canon G-3411 wireless printer

Display signal — Storage oscilloscope (model UTD2025CL)
— GUl in LabVIEW
— Paper A4

3. EXPERIMENT CONFIGURATION

The ERG is a recording method that determines the retinal electrical potential. The electrical contact
of the indicator electrode can be used to measure the electrical response. The electrode (i.e., reference,
record, ground) is placed close to the eye to detect an ERG signal. This detected wave is low-amplitude,
therefore requiring amplification via operation amplifiers (i.e., the AD624AD model). The signal from the
electrode cable to the AD624AD model to input pin 1 and pin 2 in the same model. Operating this model
requires a 9 V external voltage source via a DC power supply. In the model, pin 3, 11, and 13, and pin 12 and
16 are attached to obtain high amplification. In addition, the output signal from the connection is sorted in
pins 9 and 10. Subsequently, the signal that emerges from the operations amplifier contains information and
noise. To remove this noise, we used a filter circuit to filter the signal via the passive second-order bandpass
filter between 0.1 and 3000 Hz. Finally, the final wave is inserted into the microcontroller to link it with the
laptop through the analog pin 8 in the microcontroller. In addition, the system is interfaced with a
microcontroller (i.e., Arduino Mega 2560) via LabVIEW 2015 and Arduino 1.8.13. The Arduino version was
set according to the interface with LabVIEW, and we also setup other libraries: LabVIEW Interface for
Arduino, LIFA_Base, and VI Package Manager.

The patient is connected to the ERG system via the DTL electrode and ground electrode, which
detect the ERG signal. Show as in Figure 2(a), the DTL-electrode and ground electrode attached near the
patient's eye in terms of active, record and ground electrode. Then, the received signal is entered into the
ERG system to perform signal amplification and filtering operations Figure 2(b). The ERG signal can be
displayed in two ways: an oscilloscope and via LabVIEW. The system is interfaced with a laptop via the
microcontroller to process and display a wave in the GUI result Figure 2(c). The circuit components for the
ERG system are illustrated in Figure 2(d). Each study site's protocol was authorized by an independent
review board or ethics committee prior to the start of the study. All of the patients signed an informed
consent form.
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LabVIEW involves two windows: front plant and block diagram. The front plant design includes the
name of the test, patient’s name and age, date of the test, screen to show a wave, input port for the
microcontroller, and print switch Figure 3(a). The block diagram design involves input port properties (i.e.,
visa, port rate, microcontroller type, port type), the Arduino program (i.e., initial and type of signal according
to [analog or digital signal]). In addition, the date of the test and the patient’s name and sex can be printed out
on paper. The data rate of 115,200 bps was used to improve the transmission time between the hardware and
software units. We used an analog input pin to attach with A8 at the microcontroller. Furthermore, we used it
while the loop was used to continue reading from the same input pin Figure 3(b). Finally, we built an
independent application that does not work on LabVIEW, and installed it on a PC on which LabVIEW was
not installed. The test was performed on 10 people aged 20-60 years. Figure 3(c) shows the results based on
each AD624AD model and DTL electrode. In order to record rod b-wave and cone a-wave responses,
patients groups were exposed to (25-30) minutes and (8-10) minutes for dark and light adaptation,
respactivly. The photoreceptors and this response represent the ERG signal. Then, we detected this response
through the DTL electrode and performed the amplification and filtering operations in this system. This was
followed by sending the signal to the microcontroller to transfer it into the laptop and display it on LabVIEW
through the GUI.

» Reference Electrode
Ground electrode | Active & record Electrode

| Power supply

Active & record electrode

(@)

Reference Active & recorde
electrode clectrode

DC-power supply

7 3

ﬁ‘?

=] A |

(d)

Figure 2. Snapshot the ERG based: (a) ERG electrodes, (b) system connection for the patient, (c) system
interface with software unit, (d) the electronic circuit design for the system
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Figure 3. The design of LabVIEW windows: (a) front plant, (b) block diagram, and (c) snapshot an ERG test
to display a result in GUI LabVIEW software
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4. RESULTS AND DISCUSSION
In this section, the experimental results of the proposed system. The signal was shown using two
methods, the first using the oscilloscope and the second using the LabVIEW program. It is presented as follows.

4.1. ERG wave via oscilloscope

This section shows the ERG wave via a storage oscilloscope once the experimental control has been
achieved (model UTD2025CL). In Figure 4, the x-axis shows the times, whereas the y-axis shows the
amplitude. The system measured the amplitude for ERG waves such as the a/b-wave based on connected the
system in Figure 2(b). The observed amplitude for the a/b-wave was about 100 mV and 700 mV, respectively,
via the operation amplifier (i.e., model AD624AD) and DTL electrode. The system was measured using an
oscilloscope to compare the apparent results with the results that would appear using LabVIEW.

Storage
Type

Have

Source

CHI

Dest
]

off M 2.00s
7]

Figure 4. The result for ERG waves-based-oscilloscope

4.2. ERG wave via LabVIEW

This section shows the ERG wave via LabVIEW once the experimental control has been achieved
show in Figure 5 based on connected the system in Figure 2(c). When the program execution button was run
continuously, the signal would appear repeatedly until the stop button was paused, and the signal would stop
as the snapshot Figure 5. The ERG signal input to the microcontroller from analog pin A8 via hardware unit
also displayed a result in the GUI via LabVIEW in Figure 5. In addition, in LabVIEW showed a result with
the patients’ details on the GUI, and could print a result on A4 paper or save the result to a PDF file. In
LabVIEW, a separate program or application can be created that does not depend on the LabVIEW program,
meaning it is possible to install this design as a standalone program on a PC.

The accuracy was evaluated in elderly and young participants, i.e., the 10 people mentioned earlier.
The participants tested the system, and each order was repeated five times to review the results and accuracy.
The average accuracy was 92.5%. Table 2 presents the results on accuracy for participants 1-10, with the
average of all participants. Each study site's protocol was authorized by an independent review board or
ethics committee prior to the start of the study. All of the patients signed an informed consent form.

»& & ve——— Stop

Electroretinogram (ERG)

Figure 5. The ERG signal in front plant by LabVIEW
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Table 2. Performance accuracy for ten patients
Subject  Age (year) Gender  Accuracy (%)

1 20 Male 99
2 22 Female 98
3 27 Male 97
4 29 Female 94
5 33 Female 90
6 35 Male 95
7 39 Female 99
8 44 Male 88
9 52 Female 85
10 58 Male 80
The average accuracy (%) 92.5

5. COMPARISON WITH PREVIOUS WORK

In this section, we compare our performance metrics with that of previous studies in terms of a-
waves and b-waves. Table 3 depicts a comparison of the present work and previous studies for a/b-wave
amplitude. In the present study, the a-wave was 100 mV, whereas it was 0.3 mV in [12], [15]. Further, the a-
wave amplitude was 0.16, 0.1, 0.04, 0.02, and 0.00019 mV in [6], [9]-[11] and [13] respectively. In addition,
depicts the comparison between the present work and previous studies for b-wave amplitude. In the present
study, the b-wave was 700 mV, whereas it was 0.5, 0.4, 0.3, 0.22, 0.15, 0.06, and 0.0005 mV in [6], [9]-[11],
[13], [15], and [16], respectively. Here, we have summarized several related studies based on the application
of the objective, application, implementation environment, and a/b-wave amplitude, as shown in Table 3.

Table 3. Performance metrics of previous works

A _— Implementation A-wave amp B-wave amp
Ref. Objective Application environment in (-mv) in (+mv)
[6] Objective an analysis of bioelectrical signal ERG Simulation 0.00019 0.0005
[7] Optimize an analysis waves from eyes EOG Simulation N/A N/A
[8] analysis of eye and brain machine interface EOG & EEG Experimental N/A N/A
[9] detected eye electrical wave ERG Experimental 0.1 0.22
[10]  Compare electrodes ERG Experimental 0.02 0.06
[11]  Optimize analysis of signal an Objective ERG Simulation 0.16 0.4
[12]  Objective an analysis waves from eyes ERG Simulation 0.3 N/A
[13]  Objective an analysis waves from eyes ERG Simulation 0.04 0.15
[14]  Optimize an analysis an electrical waves for eye ERG Experimental N/A N/A
[15]  Objective an analysis waves from eyes in animal ERG Experimental 0.3 0.3
[16]  Objective an analysis waves from eyes in animal ERG Simulation N/A 0.5
This  Optimize analysis ERG waves via operation ERG Experimental 100 700

work  amplifier.
*N/A: not available

6. CONCLUSIONS

This paper introduces the design and implementation of an ERG test for analyzing waves for the
eyes to solve high cost, size and weight of the ERG device. Which include hardware and software units. An
electrode, DC power supply, amplifier, filter, and microcontroller (i.e., the Arduino Mega 2560) for hardware
unit. A laptop, LabVIEW, and a printer for printing the results for software unit. In the experimental results,
the DTL electrode and activity amplifier (i.e., the AD624AD model) achieved high amplitude for ERG a/b-
waves of about 100 and 700 mV, respectively. In addition, the proposed system in a/b waves were researched
and compared to those in prior papers to validate wave amplitudes, and it was discovered that these two
parameters outperformed previous values. The average accuracy rate was 92.5%, a test was examined in
participants aged 20-60 years old and who comprised both men and women. The system was tested by 10
participants, and each order was repeated five times to ensure that the results and accuracy requirements were
met. Future work will focus on using wireless technology to transmit and receive data (i.e., Bluetooth,
nRF24L01). In addition, we intend to use energy harvesting techniques to operate a device without a power
supply via magnetic resonator coupling and capacitor coupling. Furthermore, we will use image processing to
obtain the window for the ERG signal and use other types of electrodes.
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