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ABSTRACT
Kymographs are essential devices for investigating physiological parameters such
as blood pressure, breathing rate and heart rate, and other pharmacological studies.
However, high cost of acquiring a new kymograph has made the equipment
nonexistent in most laboratories, especially in developing countries such as Ghana.
In this research, an Arduino-based cost effective and easily available replacement
parts prototype digital kymograph has been designed and built, together with an
organ bath. A muscle contraction was used to evaluate the hardware and software
systems that were developed to support the kymograph. Being more visually
appealing than a traditional kymograph, the outcome demonstrates how well the
instrument functions. All the materials used in this prototype are highly corrosion
resistance. It also has a cooling fan, stepper-motor and driver, Arduino UNO R3
board, standby mode circuit, display unit, stop and start buttons, and speed regulator
(0.25, 0.50, 0.75, 1.00, 1.25, 2.50, 3.00 mm/sec.). Proteus 8.7 SP3 Professional and
NI Multisim 13.0 were used in the design and simulation of all the circuit diagrams.
C++ was used for the programming of the microcontrollers used in this research.
Unlike the traditional digital kymographs which employ steel, brass, iron and wood,
this research uses Carbon fiber for the shaft, the drum was made of aluminum and
the main chassis which houses the electrical system is made of galvanized steel.
The organ bath is made up of Perspex glass, microcontroller and operates at a
temperature of 37°C. Researchers and students will have easy access to the
sustainable and affordable kymograph for use in their teaching and research,
particularly in developing laboratories. This makes it a novel device with

overwhelming advantages for research and development in medicine and academia.
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CHAPTER ONE
INTRODUCTION

The kymograph, also known as a myography, is an essential instrument
for extended study in physiology, such as recording heart, skeletal and smooth
muscle contractions, respiratory movements, and tissue examination in vivo or
in vitro. It is also usually used in physics and engineering to analyse waveforms,
vibrations, or other dynamic phenomena. However, various obstacles arise in
practice, such as the cost of purchasing and servicing, which are critical
challenges of using a kymograph. Traditional kymographs require sophisticated
gear systems to operate, which might impair the accuracy of the spinning drum'’s
speed. Furthermore, the kymograph is unavailable for study in several research
and academic laboratories. In this chapter, the background to the study, history
and the functions of the kymograph, statement of the problem, research
objectives and significance of the study have been deliberated.
Background to the study

Kymograph is a Greek word, “kyma” meaning wave and ‘“graphin”
meaning write. Carl F.W. Ludwig invented the kymograph in 1847, which was
employed to record variations in arterial blood pressure. A sample of a
kymograph invented by Carl F.W. Ludwig is shown in Figure 1. His kymograph
is comprised of an ivory float with a stylus attached to allow drawing or waving
on a rotating drum, a brass pipe cannula, and a U-shaped mercury manometer
tube. The curve generated had a twitch/cramp, which shows the period of
contraction and relaxation of a muscle after a single stimulation. The three
distinct phases of the twitch include (1) the latent period, (2) the contraction

phase and (3) the relaxation phase, as shown in figure 3.
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Ludwig made history by being the first to maintain animal organs
alive in vitro. He found that the medulla oblongata, which is located at the base
of the brain, has a blood vessel regulation system. He used frog hearts as models
to measure blood pressure in capillaries by injecting a fluid that closely
resembled blood plasma in composition. In collaboration with American
scientist Henry Bowditch, he discovered the depressor and accelerator nerves
of the heart. He developed the "all-or-none law" of cardiac muscle action, which
states that “the heart muscle will either contract fully or not at all in response to
any stimulus” (Britannica, 2020).

The idea of recording muscular contractions as graphs, displaying
tension changes is demonstrated in Figure 1(B). During contraction, an isolated
muscle pulls the pen (stylus) upward, and when the muscle relaxes, the weight
pulls the muscle and stylus down. Muscle fibers are stimulated by electrical
voltage, which mimics a nerve impulse. Computer-based devices that record
similar muscle tension graphs are frequently used in modern myography. Figure
1 (A) is Ludwig’s kymograph which was copied from ‘Ludwig’s Lehrbuch der
Physiologie’, It is made out of a bent glass tube that is attached to an animal's
artery via d and contains mercury (a b ¢). The gear systems are represented by
the letters h h and i i. e f is a thin, upright rod that swims on the surface of the
mercury and has a brush at its free end, g, that records the movements of the

mercury on the rotating cylinder.
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Rotating drum
with graph paper
ittt it Y
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(A) (B)

Figure 1: (A) Carl F.W. Ludwig’s invented kymograph
(https://wellcomeimages.org, 2022) (B) A classical type of
kymograph setup (https://www.semanticscholar.org, 2024)

The stylus attached to a kymograph moves up and down in response to
the contraction and relaxation of muscle tissues. It has a rotating drum wrapped
with a record sheet. The height of a wave can be used to examine the degree of

movement, and horizontal distances can be used to measure how the movement

relates to time as shown in Figure 2. (ww.vjinstruments.com, 2021).

Tension

Stimulus
applied

Latent Contraction ' Relaxation
period  phase phase

3
>

Time

Figure 2: Twitch phases of a muscle (www.semanticscholar.org, 2024)
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In a kymograph, the spatial axis doubles as the time axis to visually
represent the geographical position over time. This clever gadget records
variations in motion and pressure by having a stylus oscillate on a rotating drum
that is covered with a sheet of recording paper. The main component of a
kymograph is a revolving drum that is marked by a pen or stylus that moves
perpendicular to the drum's revolution on a record sheet, which is usually made
of smoked paper. The drum might be indicated by a time indicator on the sheet
or rotated at a constant speed by a machine.

In its early stages, the kymograph was an analogue and hydraulic
apparatus. It was the central apparatus used in physiology research during the
19th and 20th centuries. Researchers used it to determine physiological
phenomena such as breathing, muscle movement, and speech. Over time, other
researchers and technicians developed enhancements to the device and new
sensory components like registration systems and electrical and electronic
approaches. All of the data were recorded using ink (Alistair, 2016).

Kymographs were used in various fields such as medicine, atmospheric
pressure, tuning fork vibrations, steam engines, animal behaviour, and
movement of molecules in cells (dbpedia.org, 2021).

Kymographs can be either vertical or horizontal depending on the
orientation of the drum. There are several varieties available as well, depending
on the functioning mechanism. These include:

i.  Clock work (spring movement)
ii.  Mechanical (pulley driven)
iii.  Electrical

iv. Digital
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v.  Long paper (research)

Statement of the Problem

The relatively high cost of acquiring a new kymograph has made the
equipment nonexistent in most laboratories, especially in developing countries
such as Ghana. An analogue kymograph produced in India came with a $1524
price tag; producing such an instrument in large quantities for research in
institutions makes it expensive. Maintenance and service of the kymograph is
another challenge since replacement components are not readily available. Most
of these conventional kymographs use gear systems, which make the
kymograph bulky and less accurate and require more precision. Hence, there is
a need for readily available, efficient, and cost-effective customized
kymographs that can be used for research in less-endowed laboratories. In
addition, traditional and contemporary kymographs utilize materials such as
aluminium alloy, steel and iron for the manufacturing of the shaft; however,
using these materials in a digital kymograph shortens the lifespan of the stepper
motor because of the weight these materials exert on the stepper motor.
Therefore, there is a need to replace these materials with equally strong and
lightweight materials like carbon fiber, used in this research to prolong the life
span of the stepper motor.
Purpose of the Study

Design and construct a sustainable and inexpensive digital kymograph
and organ bath for use in research and teaching on muscle movements, blood

pressure fluctuations and other physiological phenomena.
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Research Objective
To design and implement a sustainable, cost-effective digital prototype
kymograph using available materials that will be interfaced with an organ bath
for use in research laboratories.
Specific Objectives
The specific objectives of this study were to;
I. Design and simulate electronic circuits with CAD software for
kymograph and organ bath.
Ii.  Physically design and construct the digital kymograph and organ bath.
iii.  Develop a C++ program that interfaces and regulates the kymograph and
organ bath.
Iv. Calibrate and test for the efficiency.
Significance of the Study
Researchers and students will have easy access to the sustainable and
affordable kymograph for use in their teaching and research, particularly in
developing laboratories.
Delimitation
The developed kymograph is intended for usage in academic and
research laboratories with speed range of 0.25 to 3.0 mm/sec.
Limitation
Lack of molds, specifically designed machines and tools for creating
faster components (parts) of the kymograph served as a constraint in the

prototype construction.
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Organisation of the Study

Chapter One introduces the thesis and states the research work's problem
and purpose. The rest of the thesis is organised as follows. Chapter Two focuses
on the literature review, kymograph generation and data detection, acquisition
techniques, and the materials used in the construction. Challenges in the use of
kymograph are also covered. Chapter three deals with research methods, circuit
design, simulation and procedure for constructing the kymograph and organ
bath are emphasised. After that, Chapter Four discusses the findings and
discussion related to data gathering and analysis. This chapter also focuses on
the purpose of the study, techniques, interpretation and summary of the key
findings. The overview of the entire thesis, summary of results, conclusions and
recommendations of the critical findings of this study are presented in chapter

five.
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CHAPTER TWO
LITERATURE REVIEW

Introduction

A kymograph is an instrument that monitors the magnitude of
physiological parameters such as muscular contraction. Traditional
kymographs, however, have flaws such as lack of accuracy and high cost. As a
result, a low-cost microcontrolled-kymograph with strong corrosion resistance
and accurate speeds was created together with an organ bath. The results show
that the equipment performs better at varied speeds than a typical kymograph
with complicated gears. This chapter examines scholarly information on
kymograph. It gives an overview of traditional and contemporary kymograph
knowledge, enabling for the identification of important ideas, methodologies,
and gaps in existing research that was applied to the design and implementation
of this study.
Types of Kymograph

Kymographs can be categorized into two types based on their
operational method and drum orientation - horizontal and vertical. Based on
operational method, kymograph design include; Long paper/Research,
Mechanical (pulley powered), Electrical, Digital, and Clockwork (spring
movement) kymograph, as shown in Figures 3 a-c.
Horizontal and Vertical Kymographs

Various forms of kymographs exist, contingent upon the drum's
orientation. When the drum rotates vertically, a vertical kymograph is produced;
conversely, a horizontal kymograph is produced when the drum rotates

horizontally. Vertical kymographs are commonly used in biological and
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medical research to track the movement of cells or organisms over time. They
are often used to study the motion of cilia, flagella, or muscle fibers.
Horizontal kymographs, on the other hand, are usually used in physics
and engineering to analyze waveforms, vibrations, or other dynamic
phenomena. Understanding the different types of kymographs and their
applications is crucial in selecting the appropriate type of kymograph for a
specific research or analysis task.
Horizontal Kymograph
The instrument is made up of a horizontally mounted brass drum (Figure
3A and 3B) between an anterior axle post and a posterior mechanical drive box.

A rotating mechanical regulator protrudes from the drive box's top. The drum is

secured to a metal base by three leveling screws.

(A) (B)
Figure 3: Horizontal kymograph. (A) Side view. (B) Back view
(www.utsic.utoronto.ca, 2023)

In 1892, Charles Verdin built a horizontal kymograph, which is now
housed in the Department of Psychology at the University of Toronto. The
height = 33 cm, width = 21 cm and length = 59 cm. This Kymograph captured

changes in physiological or muscle events throughout time. The revolving drum

9
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was wrapped with smoked paper and tagged with a signal marker that recorded
electrical or mechanical stimulus levels (www.utsic.utoronto.ca, 2023).
Vertical Kymographs

A vertically mounted drum is turned at a constant rate by a mechanism
regulated by a governor (Figure 4a and 4b). The motor mechanism is mounted
vertically on the heavy metal base behind the drum. The base has adjustable feet
to level the instrument. Multiple gearing can adjust the overall speed of rotation.
A paper is fixed to the drum. Primary Materials include: Brass, metal,
Manufacturer’s label “E. Zimmermann, Leipzig” Dimensions (cm): Height =
64, Width = 18, Length = 36. Function: Used in combination with other
instruments to record the temporal variations of various physical events (usually
related to the human body). Events are recorded in ink or smoked paper along
the rotating drum.

Kymographs were originally developed by physiologists to record blood
pressure. Later, experimental psychologists used them to record a variety of
time-related phenomena, including muscle strain, response times, stimulus

presentations, and tuning fork vibrations.

10
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(A) (B)
Figure 4: Vertical Kymograph. (A) Front view. (B) Back view (University of
Toronto, 2023)

Clock Work Kymograph

A kymograph is a clock-driven drum (Figure 5) that rotates at a very
precise rate in order to provide a continuous surface for recording experimental
data. The revolving drum would have been wrapped with smoked paper which
was marked by a signal marker. A signal from a timekeeping device would also
have been recorded alongside the experimental data in order to provide a time

reference.

11
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-

Figure 5: Clock work kymograph (vip.mpiwg-berlin.mpg.de, 2022)

Pulley Driven Kymograph

The most common way to use a pulley-driven kymograph (Figure 6) is
to clamp it to the back of a table over a quick-running cord. Two small pulleys
guide a loop of this cord around a large pulley. The pulley that is driven in this
way is fastened to a spindle that is horizontal and holds another pulley that uses
a cotton cord loop to drive the instrument. This cord is led over a guide pulley
and down to a pulley that is hooked to a weight that hangs at the back of the
table in order to maintain uniform tension. This permits the instrument to have
the same length as the cable loop. The instrument may be driven while standing
in any position on the table since the driving pulley can be clamped at any
location along the table's edge. These movements can be done while the cords
are moving. A handle on the driving pulley can be turned to start and stop the

instrument.
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Figure 6: Pulley driven kymograph (www.sil.si.edu, 2024)
Electrical Kymograph

The components of an electrical kymograph (Figure 7) consist of
stimulator knob, drum speed knob, stimulation pulse per second key and voltage
key, make up the kymograph base. The most significant feature is a motor that
spins the drum and is locked in place using a locking mechanism in the middle

of the drum.

Figure 7: Electrical kymograph (www.indiamart.com, 2023)
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The electric motor runs on a single phase 220 volts, 50 Hz Alternating

Current (AC). The motor is enclosed in the base of the kymograph (Figure 8).

Moto

Figure 8: Kymograph shaft (Alwaz, 2021)

Kymograph Shaft

The shaft (Figures 9) is connected to the motor vertically and can be
rotated at different speeds. Slowest: 0.12mm per second and fastest: 640 mm
per second. Shaft has groove on one side and a screw lift at the top. A small
rectangular plug mounted on the side of the screw, inside the shaft comes out
through the groove. Rectangular plug can be raised or lowered along the groove
by rotating the screw lift fitted at the top of the drum. It supports weight of the
drum and prevents it from sliding down during rotation. The level of drum can

be adjusted by top screw lift.
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Figure 9: Shaft of kymograph (Alwaz, 2021)

Kymograph Gears

The gears (Figure 10A and 10B) which are inside the base chassis of the
kymograph are responsible for changing the speed of the shaft. During an
experiment, the sooty drum rotates at a predetermined speed based on the

selected gear in the kymograph.

(A) (B)

Figure 10: Kymograph gear system. (A) Electrical kymograph gear box.
(B) Ludwig’s kymograph gear box (Alwaz, 2021)
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Kymograph Lever

The gears are switched using a lever. The lever (Figure 11) has two
prongs that must be brought together in order to raise or lower it and engage it
in a specific speed slot. One slot with the designation (N) Neutral is where the
gear detaches from the motor. Fastest: 320/640 mm per second and slowest:

0.12/0.23 mm per second.

Figure 11: Kymograph gears (Alwaz, 2021)

Kymograph Clutch

A gear can be engaged or disengaged using the clutch lever (Figure 11).
It is necessary to engage this clutch each time before shifting gears in order to
start or stop the drum. This guards against gear damage. When the clutch lever
is in the neutral (OFF) position, it is simple to rotate the cylinder by hand.
Kymograph Contact Block

At striker level, a contact block (Figure 12) is installed on the top of the
kymograph body. A plastic button, two electrical terminals, and a spring contact

bearing are all present.
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The electrical circuit is complete when the striker presses the spring
contact, bringing the two platinum points into contact with one another. When
these terminals are incorporated into the main circuit, this becomes helpful. The
operation of the contact block terminals is critical to the main circuit. Their

purpose is to indicate the recording surface's stimulation point.

Contact block

Figure 12: Electrical kymograph (www.indiamart.com, 2023)

Kymograph Contact arm/ Projecting strikers

A pair of projecting strikers (Figure 13) are fixed to the base of the
vertical shaft. They can be kept closed together or drawn apart to form any
desired angle between them. The striker's two arms can be pulled apart in
response to two stimuli, one of which occurs when the drum rotates. The contact

button will be pressed either once or twice in close association at a precise
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interval of time. They are fitted firmly enough on the shaft to rotate with it and

strike past the contact button (Alwaz, 2021).

Projecting
strikers

Figure 13: Kymograph projecting strikers

Kymograph Drum

The drum (Figure 12) is fixed to the kymograph's shaft. On top of the
drum is a drum grip clasp that secures the drum to the axle and keeps it from
sliding down the shaft. The starting drum for Sherrington is 6" x 6" (15 cm x 15
cm) and is composed of aluminum alloy.
Digital Kymograph

A digital kymograph (Figure 14) is made out of a revolving drum
wrapped with kymograph paper on which a stylus glides up and down to show
the effects of drugs on contractile tissues. In comparison to the former type of
electrically powered pulley adjustment drum, the recording drum is a

microprocessor-controlled unit (www.narayanienterprises. com, 2023).
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Figure 14: Digital kymograph (www.narayanienterprises.com, 2023)
Technical Features of Digital Kymograph

Most digital kymographs have the following features: Microprocessor-
controlled machine with a standard 16x2 LCD display, digital speed selection,
and highly accurate speeds of 0.12, 0.25, 0.75, 1.00, 1.25, 2.50 mm/sec. Other
features include: digital timer and time multiplier with voice and visual alarm,
Low power consumption and simple drum height adjustment. The body is
sturdy and resistant to corrosion. (www.narayanienterprises.com, 2023).

The smoked-drum kymograph was superseded in most laboratories by
equipment ranging from simple ink writing pens for kymograph to complicated
electronic devices meant to obtain permanent recordings in physiology and
pharmacology research.

A traditional simple kymograph ink writing pen device, consisting of a
hollow steel pen connected to a small ink reservoir via a thin polyethylene tube,
is used for kymograph recordings of heart, skeletal and smooth muscle

contractions, and respiratory movements. In actual use, a number of different

19

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

problems with ink flow through the instrument can arise. Moreover, student
laboratories may not always have the system. The smoked-drum kymograph is
still in use today.
Mechanical Kymographs

The antique kymograph (Figure 15) is a 19th-century mechanical device
that uses a floating pen attached to Poiseuille's mercury manometer. This
instrument was utilized to gauge air pressure, measure tuning fork oscillations,
and evaluate the performance of steam engines. A visual depiction of the
movement across time that utilizes the spatial axis was presented. The
instrument comprises of a paper-covered rotating cylinder that registers changes
in motion or pressure by means of a swinging stylus

(www.lasvegaspolygraphs.com, 2022).

Figure 15: Mechanical kymograph (www.lasvegaspolygraphs.com, (2022)
Carl Ludwig's contribution to image registration in physiology has
remained a significant landmark in the field for more than a century. He

introduced a groundbreaking method of studying physical functioning and
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established entire schools of physiological inquiry. The kymograph, an
instrument he invented, was a crucial tool in the rapid advancement of scientific
medicine during the 19th century. Its historical importance has cemented its
place in medical history, and it continues to be a reference point for subsequent
scientific advancements polygraphs
Conventional Mechanical Kymograph

The drive system of mechanical kymograph (Figure 16) consists of a
constant speed electric motor and a precise gearbox that are housed in the base.
Additionally, a sturdy plate clutch is included. The gear ratios can be engaged
by sliding the lever into the surface speed-marked slot or by using a knob in
separate variants. The main cylinder has a diameter of 6 inches and is made of
stainless steel. It has been standardized to be universal and interchangeable with
other cylinders. Double electric contact arms secure the main spindle, and a
strong double contact block is put on top of the base. Sliding the lever into the
8-surface speed slot yields gear ratios of 640 mm, 320 mm, 25 mm, 12.5 mm,
2.5 mm, 1.2 mm, 0.25 mm, and 0.12 mm per sec.

Longer records can be accommodated with a long paper extension
mechanism with a single set screw. Various types of mechanical kymographs

have been developed over the years.

21

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Figure 16: Mechanical kymograph (www.igbalscientific.com, 2023)
Physiological Records Projected on a Screen

Despite being a useful instrument for physiological examinations,
kymograph with paper wrapped around drum was poorly equipped to display
its output to a very small number of pupils. Therefore, the goal of French
veterinarian Jean Baptiste Auguste Chauveau (1827-1917), who was well-
versed in the field, was to design and construct a modified Ludwig's kymograph
that could project three channels onto a screen as demonstrated in front of a
class to show three physiological variables during the actual experiment, or in-
vivo. His favorite demonstration involved using the clever and reliable
intravascular pressure sounds created by his close collaborator Etienne Jules

Marey (1830-1904) to record intracavity pressures following catheterization of
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the left ventricle via the carotid artery and the right atrium and ventricle via the
jugular vein.

The British neurophysiologist and Nobel Prize winner Sir Charles Scott
Sherrington (1857-1952) is credited with replicating the method and building a
model with a similar design in a lecture hall at the University of Liverpool.
(Hoff, Valentinuzzi, Geddes, and Moore, 215).

A sketch of the brilliant idea, a true bioinstrumentation advancement
that seamlessly integrates into the current biomedical engineering concept, is
displayed in Figure 17 of the kymograph projector. Ludwig's whirling cylinder
was swapped out for a smoked horizontal slab of glass. A strong vertical light
beam was created by a carbon arc lamp and a 45° mirror. This beam broke
through the glass, was caught by an upper prism-lens assembly, and was then
projected onto a huge white screen in front of the audience.

The second half of the nineteenth century saw a significant advancement
in optics, with the addition of telescopes and microscopes to a wide range of
other optical tools and discoveries, including glass prisms and light polarization.
When the kymograph was fully smoked, no light could get through, but any
scratches on the surface showed as white lines. The clockwise round glass action
was powered by a mechanical pulley clutch mechanism and a permanent magnet
DC motor. Heat and gasses were able to escape through the lamp's chimney.
Four light styluses scratched the smooth surface, three of which recorded blood
pressure in various cardiac chambers and one of which served as a timer. The
radial movements of the styluses were guided by four pneumatic tambours.

The precise construction and operation of the equipment are not

documented, however it was probably built somewhere between 1875 and 1876.
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A lateral view of the machine is shown in Figure 18a, with the four tambours
on the bottom and the projecting head on top. The ventilation chimney is on the

right. Figure 18b illustrates a back view.

D Mirrar Lens

Smoked /
Plate Glass

Pulleys o3

and
Cluteh Chauveau
1 Projecting
Kymograph
Permanent
Magnet |
Maotor (de)

) o ®
Figure 18: (A) Lateral and (B) Chauveau's projecting kymograph from the
back (Hoff et al., 2015).
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Computerized Kymograph for Muscle Contraction

Suhaeri and Vitri Tundjungsari (2014) built a computerized kymograph
that uses an ultrasonic distance sensor to measure muscle contractions (Figure
19). The problems in the conventional kymograph, which includes result
visualization and accuracy were improved by the researchers.

The researchers demonstrated a computerized kymograph, which uses
an ultrasonic distance sensor to measure, record, and show graphical data of
muscle contraction on a computer.

Hardware and software systems were built to support the computerized
kymograph, and the device was tested on live frogs. The results show that the
device works well, as it provides greater visualization than a normal kymograph

(Figure 19 and 20).

Figure 19: Computerized kymograph system
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Figure 20: Computerized kymograph result

Figure 20 shows the result of Computerized Kymograph, compared with
the results of conventional kymograph (Figure 21). The computerized displays
time value (x axis) and distance value (y axis); whilst the conventional

kymograph does not provide those value but graphics.

Figure 21: Conventional kymograph result

Several kymograph projects for motion analysis and detection have been
accomplished. Spatio-temporal methods have been used in kymograph for
motion analysis and detection, such as building a spatio-temporal picture
representation, utilizing kymograph of video sequences (lhor Smal, llya

Grigoriev, Anna Akhmanova, Wiro J Niessen, and Erik Meijering, 2010).
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Kymographs have also been used to track picture attributes over time,
such as the variable-rate particle filter's strategy for improving the accuracy of
retrieved edges corresponding to the tip of microtubules from a kymograph-like
image representation. Amit Mukherjee, Brian Jenkins, Cheng Fang, Richard J.
Radke, Gary Banker, and Badrinath Roysam (2011) describe an automated
method for profiling the velocity patterns of small organelles, Brain-derived
neurotrophic factor (BDNF) granules moving along a selected section of an
axon of a cultured neuron imaged using time-lapse fluorescence microscopy.

Instead of identifying granules immediately, as in normal tracking, the
proposed method creates a two-dimensional spatiotemporal map (kymograph)
of granule traffic along an axon segment. Smal et al. (2010) created kymographs
by hand and examined granules using the Radon transform to determine particle
peak velocities. Oliver Welzel, Daniel Boening, Armin Stroebel, Udo Reulbach,
Jurgen Klingauf, Johannes Kornhuber, and Teja Wolfgang Groemer (2009)
investigated axonal transport using kymograph column cross- and auto-
correlation.

A promising tool for disease diagnostics and genomics is optical
mapping using direct imaging of individual DNA molecules stretched in
nanochannels with sequence-specific fluorescent tagging. Thermal mobility of
the DNA during imaging is a key challenge for this technology; it blurs
fluorescent patterns along the DNA, resulting in information loss.

Correcting for this effect (a process known as kymograph alignment) is
a common preprocessing step in nano channel-based optical mapping

workflows; a highly efficient pattern recognition algorithm has been developed
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to accomplish this (Charleston Noble, Adam N. Nilssonl, Camilla Freitag,
Jason P. Beech, Jonas O. Tegenfeldt, and Tobias Ambjdérnsson, 2015).
Kymograph Temporal High Resolution on Neurofilament Transport
Kinetics

Neurofilaments, also known as nerve cell intermediate filaments, are
space-filling cytoskeletal polymers that contribute to axon cross-sectional area
expansion and hence boost axonal conduction velocity (Hoffman, 1995).
Neurofilaments are axonal transport payloads in addition to their structural
function. They vary from membranous payloads in that they are protein
polymers with a width of only 10 nm but a length of many micrometers (Brown,
2003, 2014).

In the 1970s, radioisotopic pulse-labeling studies in laboratory animals
revealed axonal transport of neurofilament proteins (Hoffman and Lasek 1975;
Lasek, Garner, & Brady, 1984; Brown 2016). Radiolabeled neurofilament
proteins produced in neuronal cell bodies were found to travel along axons at
0.1-2mm at day 21 (Lasek, Paggi, & Katz, 1993).

More recently, fluorescent neurofilament fusion proteins have been
shown to move in the form of formed neurofilament polymers in time-lapse
live-cell imaging of cultured nerve cells. These motions are not only much faster
than anticipated but also uncommon and bidirectional (Roy et al., 2000; Uchida
and Brown, 2004;Wang and Brown, 2001; Wang, Ho, Sun, Liem, & Brown,
2000; Yan and Brown, 2005; Yan, Jensen, & Brown, 2007). The reason for the
apparent discrepancy between pulse-labeling and live-imaging studies can be
attributed to the sluggish average velocity of neurofilaments, which are

primarily immobile (Brown, 2000).
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A temporal average of rapid movements interspersed with extended
pauses accounts for the slow pace of neurofilament transport over extended
periods; the movement is quick for seconds but slow for hours or days (Brown,
Wang, & Jung, 2005; Craciun, Brown, & Fried man, 2005; Jung and Brown
2009; Li, Jung, & Brown, 2012).

Microtubules are the tracks for neurofilament movement, and
microtubule motor proteins propel the motions (Francis, Roy, Brady, & Black,
2005; Prahlad, Helfand, Langford, Vale, & Goldman, 2000; Shah, Flanagan,
Janmey, & Leterrier, 2000). Although the movements are bidirectional,
anterograde movements predominate. He et al., 2005; Helfand, Loomis, Yoon,
& Goldman, 2003; Shah et al., 2000; Uchida, Alami, & Brown, 2009; Wagner
et al., 2004) appear to drive retrograde movements, while kinesin-1 appears to
promote anterograde movements.

Nevertheless, there are still a lot of unanswered questions and an
uncertain connection between these motors. For instance, what controls the
length and frequency of pauses, how many motors are needed to move a single
neurofilament, how motors interact to control directionality and reversals in
neurofilaments, and how neurofilament length is affected by the kinetics of
neurofilament movement? The fact that neurofilaments are macromolecular
assemblies with diffraction limits significantly lower than those of light
microscopes presents a significant obstacle in addressing these problems
(Uchida, Monsma, Fenn, & Brown, 2016).

Previously, Daniel, Fenn, Brown, Johnson, Peng, and Jung (2017) used
relatively long exposures (1 s) and time-lapse imaging with long time intervals

(4 or 5 s) to capture enough signal and optimize the length of our movies while
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limiting photo bleaching. While low temporal resolution research revealed a lot
about the dynamics of neurofilament transport, higher temporal resolution is
required to study questions about motor interaction and regulation.

Daniel et al. (2017) overcame this by imaging neurofilament movement
at video rates, taking advantage of the increased speed and sensitivity of modern
Electron Multiplying Charge-Coupled Devices (EMCCD) cameras.

This enhanced frame rate allowed for kymograph analysis of
neurofilament movement with a >100-fold increase in temporal resolution. To
analyse this data, Daniel et al. used edge detection to characterize the filament
end trajectories and a novel computational filtering approach to automatically
identify runs and stops in the pixelated and noisy traces. Daniel, Fenn, Brown,
Johnson, Peng, and Jung (2017) used kymograph analysis with high temporal
resolution to find novel characteristics of neurofilament transport kinetics.
Negative Temperature Coefficient Thermistors

NTC is an abbreviation for Negative Temperature Coefficient, which
implies that as resistance decreases, temperature also increases. Its temperature
sensitivity coefficient is about five times higher than that of silicon temperature
sensors as shown in Figure 22. The temperature sensivity of NTCs is also ten
times higher than the resistance temperature detectors (RTDs). They usually
operate within a temperature range of -50 to +150 °C. The non-linearity of NTC
with resistance to temperature relationship poses a significant challenge as
shown in Figure 23 when using analogue circuits to accurately measure
temperature. Rapid development of digital circuits (microcontrollers) have

resolved the problem with the help of equation 1-3.
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Figure 22: Thermistor sensor head
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Figure 23: NTC temperature verses voltage curve (www.jameco.com, 2024).
First-Order Approximation

The first-order approximation, which is the most straightforward to
apply, states that:

AR = KAT 1)

Where k represents the negative temperature coefficient, T represents the
temperature difference, and R represents the resistance change produced by the

temperature change. This first-order approximation is only valid for a narrow
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temperature range and can only be used when k is practically constant
throughout (eepower.com, 2023).
Beta Formula

Another equation yields acceptable results, with an accuracy of 1°C over
the temperature range of 0°C to +100°C. It is determined by a single material
constant that is measurable (eepower.com, 2023).

The equation is as follows:

R(T) = R(Tp)ef = — — )

T To
Where R(T) is the resistance at temperature T in Kelvin and R(TO) is a
temperature TO reference point. The Beta formula necessitates two-point
calibration and is often only accurate to 5°C across the whole usable range of
the NTC thermistor.
Steinhart-Hart equation
The Steinhart-Hart formula, published in 1968, is the best known

approximation to date:

1
"~ A+B(InR)+C(InR)3

3)

Where:

Where A, B, and C are empirically determined coefficients, and In R is the
natural logarithm of resistance at temperature T in Kelvin. The coefficients are
frequently given by thermistor vendors as part of the datasheet. The Steinhart-
Hart formula is frequently accurate to 0.15°C for the temperature range of -50°C
to +150°C. If greater precision is required, the temperature range must be
reduced, and accuracy of better than 0.01°C over the temperature range of 0°C

to +100°C is achievable (2023, eepower.com).
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Choosing the Right Approximation

The method for calculating temperature from resistance data must be
selected based on available processing power as well as real tolerance
requirements. In certain circumstances, a first-order approximation is adequate,
whereas in others, even the Steinhart-Hart equation is insufficient, and the
thermistor must be calibrated point by point, necessitating a large number of
measurements and the building of a lookup table (eepower.com, 2023).
Control of Muscle Tension

A muscle's force is related to its length and shortening velocity. Muscles
generate the most force when they are at their resting (ideal) length and the least
amount of force when they are shortened or stretched relative to their resting
length, according to the force-length link. The force-velocity relationship
demonstrates that the velocity and force of muscular contraction influence the
power produced, with an optimum power output occurring at one-third of
maximum velocity (Alwaz, 2021).
Force-Length Relationship

The overlap between sarcomere length and muscle force as governed
by actin and myosin. Power (equation 1-5) is sometimes easier to explain in
terms of constant force (F) acting on an object moving at constant velocity, v.
If F is the force acting on the body (tissue) through displacement Ad
then work done Aw will be:

Aw = F. Ad (4)

The average power is given by:

A
Py = A_V: (5)
Ad
Pav = F Z (6)
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But % = vy, = Average velocity @)
Therefore, average power:

Pay = F. Vg 8
As a result, the product of applied force and average velocity of the body yields
the average power.
If the force acts at angle 0 to the tissue, the tissue displacement then:

P = Fvcos 0 9)
Equation (5) expresses the relationship between power, force, and velocity.
For rotational motion,
Work = torque x angular displacement
P = Wi/t = (Torque x angle of displacement) / time
Power, P = Torque x angular velocity.
Load Regulation

Load regulation controls how much the output voltage changes

throughout a certain range of load current values, typically from no load (NL)
to full load (FL). It is commonly stated as a percentage and may be calculated

using the formula in equation 10:

Load regulation = (%) 100% (10)

FL

where Voltage No Load (VNL) is the output voltage when no load is applied
and Voltage Full Load (VFL) is the output voltage when full (maximum) load
is applied.

Voltage divider formula.

(Rt)
N (R+Rt)

Vour = (11)
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Where:
Rt is the resistance of the thermistor (Rt), and R denotes a 10k ohm resistor.

The speed of the kymograph can be determined by equation 12.

distance (meters)

Speed = (12)

time (second)

Muscle Force Generation

A muscle's force is related to its length and shortening velocity. These
two fundamental features limit several essential biomechanical traits, such as
running speed, strength, and jumping distance (gsstudy.com, 2022).
Chapter Summary

The scholarly articles and other relevant information used in this chapter
focused on generation of kymograph, computerized kymograph systems,
analogue and digital kymographs, and the uses of kymograph. However, none
of the information retrieved focused on the identification of novel materials to

make kymograph production more cost-effective and easily accessible.
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CHAPTER THREE
MATERIALS AND METHODS

Introduction

This chapter presents electronic circuit designs and simulations,
assembling of components and soldering, processes for detection and
measurement of electrical signals, and procedure for data acquisition. The first
section covered the use of Proteus and Multisim software for circuit designs,
simulations, and engineering drawings with CorelDraw.

The second part presents computer programming, using C++ in Arduino
IDE environment, collections and use of suitable materials; experimental
methods and procedure for construction of chassis, assembling, soldering of
different components, data acquisition involving the use of test instrument
(multimeter).
Design of Kymograph

The design (Figure 24) and flowchart (Figure 25) of the kymograph
depict the various processes and the computer algorithm used in the design and
the implementation of the digital kymograph and the organ bath. The flowchart
gives a functional perspective of a system and shows the connections between

its many components.
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Figure 24: Schematic diagram of the kymograph and organ bath using
CorelDraw 23.1.0.389 (Author’s design, 2022)

Figure 25 shows the flowchart used in the construction of the digital
kymograph. The flowchart was followed to design and implement the digital
kymograph. The Arduino UNO R3, which is synchronized with the stepper and
the stepper motor driver, was chosen as the microcontroller. The stepper motor
and shaft were connected to the drum, and the link made sure the drum turned

in a clockwise direction.
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Figure 25: Kymograph flow chart diagram
The components used in the design and building of the digital
kymograph are shown in Table 1.

Table 1: Kymograph components and materials

Component Quantity
Relay 5 V 1
Arduino Uno R3

Arduino AT mega 2560
LCD (JHD162A)

Strip board

Bread board

Stepper motor NEMA 17
Stepper motor motor driver
Jumper wires
Potentiometer 10 K
Switches

WN R RPRPRPRRRER R R
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Table 1: Continued
DC adaptor 1
Galvanised steel sheet 60 cm
Aluminium bowls (unpolished) 2
Control knob 1
Carbon fibre rod 1
Rubber bushing 2

1

1

1

Type B USB cable
Stepper motor driver L298N
Stepper motor driver (ULN2003)

Arduino UNO R3

An Arduino UNO R3 (Figure 26 and Figure 27) with a small
microcontroller board and a universal serial bus (USB) was plug to a computer
and a number of connections were made to its sockets. Some of the connections
include wires, fixed and variable resistor, LCD, relay and stepper motor driver.
It was powered by 12 V. It was first programmed via the use of a computer and

then disconnected to work independently to regulate the kymograph.
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Arduino UNO R3 Board

Figure 26: Arduino UNO R3 development board

Arduino Uno R3 Pin Diagram
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(Power Input)
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Figure 27: Arduino UNO R3 development board pin diagram
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Description of Arduino UNO R3

The Arduino Uno R3 is an open source microcontroller board based on
the ATmega 328 chip. This Board has 14 digital input/output pins, 6 analog
input pins, Onboard 16 MHz ceramic resonator, Port for USB connection,
Onboard DC power jack, An ICSP header and a microcontroller reset button. It
contains everything needed to support the microcontroller. Using the board is
also very easy, simply connect it to a computer with a USB cable or power it

with DC adapter or battery to get started.

The Uno differs from all preceding boards in that it does not use the
FTDI USB-to-serial driver chip. Instead, it features the Atmegal6U2 and
Atmega8U2 up to version R2) programmed as a USB-to-serial converter. While
the Arduino UNO can be powered via the USB connection, its power source

was connected externally in this research.

External (non-USB) power can come either from an AC-to-DC adapter
(wall-wart) or battery. The adapter can be connected by plugging a 2.1mm
center-positive plug into the board's power jack. Also leads from a battery can
be inserted in the GND and Vin pin headers of the Power connector. The board
can operate on an external supply of 6 to 20 volts. If supplied with less than 7V,
however, the 5V pin may supply less than five volts and the board may be
unstable. If using more than 12V, the voltage regulator may overheat and

damage the board. The recommended range is 5v to 12v for Arduino Uno.

Arduino AT mega 2560 Pin out
The Arduino ATmega 2560 as shown in Figure 28 uses a processor with

more input output pins. It was used in this research to develop the first prototype
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of the digital kymograph and the organ bath. It has a surface mount chip that is
fixed permanently to the board. Unlike Arduino Uno the microcontroller on the

ATmega 2560 cannot be replaced, if the processor is accidentally damaged.

MADE

[ o
il e ey

LARDUINO.CC

.
- .

Figure 28: Arduino AT mega 2560 Pin Out

The extra connectors are arranged at the end of the board. Extra features
provided by the Mega include, 54 input/output pins, 128KB of flash memory
for storing sketches and it has fixed data, 8KB of RAM and 4KB of EEPROM

as compared to the Uno’s 32KB.

NEMA 17 Stepper Motor

NEMA 17 stepper motor (Figure 28) is a bipolar stepper motor which is
42x42x48 mm and has a step angle of 1.8 degrees (200 steps/revolution) with a
1.7 x 1.7 inch faceplate. It contains four wires, with a holding torque of 44 Ncm
(62.3 0z.in) and a draw of 1.68A per phase. It has a recommended driving
voltage of 12-24V. The NEMA 17 stepper motor can be synchronised with a

motor driver and an Arduino as shown in Figure 30.
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Figure 29: NEMA 17 Stepper Motor

12V Adapter

Figure 30: Wiring NEMA 17 Stepper Motor with L298N and Arduino

The Stepper Motor Driver (L298N)

The Motor Driver shown in Figure 31 and Figure 32 is an essential
device that provides the required voltage and current to a stepper motor so that
it gets a smooth operation. In this research, the H-Bridge motor driver (L298N)
was used to smoothly regulate the speed of the kymograph. When a stepper
motor driver receives a pulse input, it can convert it into an angular
displacement signal. Stepper drivers cause stepper motors to rotate in a
predetermined direction at a step angle. The displacement is determined by the

pulse quantity provided by the controller, and the motor speed is limited to the
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pulse frequency. A stepper motor plus a stepper driver make up a stepper
system.

A stepper system's performance is determined by both the stepper driver
and the motor. The twin H-Bridge motor driver L298N as shown in Figure 31,
enables simultaneous control of two DC motors' speeds and directions. DC
motors with voltages between 5 and 35V and peak currents up to 2A can be
driven by this module. Single 2-phase, single 4-phase, or two DC motors can be
driven using a dual-channel L298N H-bridge driver.

Inductive loads, including relays, solenoids, DC, and stepping motors,
can be driven by the driver between 5 and 35 volts using typical TTL logic level
inputs. Reliability is further enhanced by the use of diodes with freewheeling

protection and large-capacity filter capacitors.

Figure 31: L298N Dual H Bridge PWM Stepper Motor Drive Controller
Board Module
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L298N Dual H-Bridge

5V Regulator*

Out 1: Motor A Lead Out ——| ||

Out 2: Motor A Lead Out — | (& | g 5 He=9 l<— Out 3: Motor B Lead Out

Enable 5V Regulator Jumper

b 4 Ay K :
+5V -35V DC Input | +5V DC Input* FN':‘,\'EEIZS:’;E,: ;‘;‘xs'g"a' forMotor A\

Ground IN2: Enable Motor A
IN3: Enable Motor B
IN4: Enable Motor B
ENB: Enables PWM signal for Motor B

Figure 32: L298N Dual H Bridge PWM Stepper Motor Drive Controller
Board Module input and output connections
16x2 Liquid Crystal Display (LCD)

The JHD162A 16x2 LCD as shown in Figure 33 is a liquid crystal
display that can show 16 characters in each of its two rows, providing a total of
32 characters of information. It's commonly used to display alphanumeric
information in various electronic devices. The LCD consists of 16 rows and 2
columns of 5x7 or 5x8 LCD dot matrices. LCD is available in a 16 pin package
with back light ,contrast adjustment function and each dot matrix has 5x8 dot
resolution. The JHD162A has two built in registers namely data register and
command register. Data register is for placing the data to be displayed and the
command register is to place the commands. The 16x2 LCD module has a set
of commands each meant for doing a particular job with the display. In this
research, it was synchronised with an Arduino to provide information on the
operation of the kymograph.

LCD modules are an essential part of many embedded system designs

that employ Arduino to improve the user interface of the system. All that is
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needed to assemble the circuit is an Arduino board, a breadboard, jumper wires,

and a 16x2 character LCD display.

Figure 33: Interfacing 16x2 LCD display to an Arduino board

JHD162A 16x2 LCD RS (Register Select)

A 16X2 LCD has two registers (Figure 34), namely, command and data.
The register select is used to switch from one register to other. RS=0 for the
command register, whereas RS=1 for the data register. The command register
stores the command instructions given to the LCD. A command is an instruction
given to an LCD to do a predefined task such as initializing it, clearing its
screen, setting the cursor position and controlling display. Processing for
commands happens in the command register. The data register stores the data
to be displayed on the LCD. The data is the ASCII value of the character to be
displayed on the LCD. When data is sent to LCD, it goes to the data register and

is processed there. When RS=1, the data register is selected. Figure 34 shows
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the pin connections of JHD162A 16x2 LCD. Figure 35 also shows the LCD

connections with Arduino and external components.

3 )
Q,\e' Qe 62)
| DO0-D7 (data pins) ;A“’%»W
o[1]olofolojo|1] | ¥

Figure 34: JHD162A 16x2 LCD pin diagram
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Figure 35: JHD162A 16x2 LCD interfaced with an Arduino board
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Figure 36 shows the design of the digital kymograph. Physical
assembling of the components for the kymograph were implemented after the
simulation. Figures 36-54 show the construction processes of the kymograph.
A galvanized steel metal plate was cut into specific size and then molded into
shape to form the base. Arc welding was used to piece the various parts together.
This ensures a strong bond among the various parts used in the construction of

the base of the kymograph.

Eymoagraph drum with paper

&

F'.E-'SP{II'ISE-' curve ﬁﬂ-k

e

[

o
3.
M <

'-_ L_'-:' -\.'!"' (lil]
| PHY S DEPT. ype

Kymograph electrical system

Figure 36: Kymograph electrical system and drum (Author’s design, 2022)

The internal components were fixed in the base frame and the control
panel and other knobs were attached to the base frame. The base is 24 cm x
21cm x 13 cm in size. The height of the shaft is 35 cm. The drum height is 14
cm and the diameter is 20.5 cm. The height of the kymograph is 40 cm. The
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weight of drum is 0.56 kg. The material used for the shaft is carbon fiber (Figure
37). This is the first time a carbon fiber has been used for kymograph
construction and has been proved to be very effective. Carbon fiber materials
are used to build aircraft and spacecraft parts, race car bodies, golf club shafts,
bicycle frames, fishing rods, vehicle springs, sailboat masts, and a variety of
other components that require light weight and great strength. Due to its strength
and light weight, carbon fiber can help to extend the life of a stepper motor.

Carbon fiber is also extremely corrosion resistant.

4cm(1.6inch)

|
!

3.6cm(1.4inch)

m(13.8inch)

35¢

Figure 37: Carbon fiber rod for the kymograph shaft

Construction of Digital Kymograph

The base of the digital kymograph is made up of galvanised steel, which
is a robust metal that is also resistant to corrosion. Highly resistant to corrosion
materials were used for the construction of the kymograph. This makes it an
effective instrument to be used in all research laboratories including corrosion
prone areas. The base of the digital kymograph was sprayed with an oil paint as
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shown in Figure 38, which protects the surface of the base of the kymograph

from corrosion.

Figure 38: Sprayed kymograph base

Circuit designs and simulation for the digital kymograph were done in
Proteus 8.7 SP3 Professional as shown in Figure 39 to create and verify the
circuit boards; this will ensure that the circuit boards and other peripheral

components are practicable.
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LCD1
LoD 1ex2

STEPPER MOTOR

Figure 39: NEMA 17 Stepper Motor with stepper motor driver (L298N) and
Arduino in Proteus 8.7 SP3 Professional

The flow chart for the programming as shown in Figure 40 was designed

before the sketches (codes) were developed and uploaded onto the

microcontroller (Arduino UNO R3), Figure 41.
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=
v

Int read_ADC;int Speed _LCD; INT Speed; int
Step; int Mode=0;

l

Delay, Initialize counter, clockwise direction

Potentiometer input

If(digitalRe
ad (bt_F)
==0){Mode
=1}

if(digitalRea
d (bt_S)==0)

{Mode=0;}

Generate steps for
step=step+1 < Stop >

Lcd print speed %

\4

Return to starting position

D)

Figure 40: Programming flow chart for the development of the kymograph
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@ Stepper_moter2022-17-02new | Arduino 1.8.13 - x
File Edit Sketch Tools Help

#include <LiquidCrystal.h>
LiquidCrystal led(2, 3, 4, 5, 6, 7);

#include <Stepper.h>

fdefine potentiometer A0 //10k Variable Resistor

const int stepsPerRevolution = 200; // Number of steps per revolution
// for the motor

// initialize the stepper library on pins 8 through 11:
Stepper myStepper (stepsPerRevolution, 8, 9, 10, 11);

int stepCount = 0; // number of steps the stepper motor has taken
#define bt_F Al // Clockwise motion of kymograph drum (Start button)
#define bt S A2 // Stop Button

#m Lo O M W @ m® B E O =T 080 B & " B %) 24C Mostycl...

Figure 41: C++ program (sketches) in Arduino IDE 1.8.13 developed for the
kymograph

Arduino codes for kymograph

The codes below were upload onto a microcontroller to regulate and
direct the movement of the stepper motor and the kymograph drum. C++ was
used to program the stepper motor and the driver in Arduino IDE as shown in

Figure 41.

#include<LiquidCrystal.h>
LiquidCrystal Icd(2,3,4,5,6,7);

#include <Stepper.h>

#define potentiometer AO //10k Variable Resistor

const int stepsPerRevolution = 200; // number of steps per revolution for the
motor

/I initialize the stepper library on pins 8 through 11.:
Stepper myStepper(stepsPerRevolution, 8, 9, 10, 11);

int stepCount = 0; // number of steps the motor has taken
#define bt_F A1 // Clockwise motion of kymograph
#define bt_S A2 // Stop Button
int read_ADC,;
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int Speed LCD;
int Speed;

int Step;

int Mode=0;

void setup() {
pinMode(potentiometer, INPUT); // declare potentiometer as input

pinMode(bt_F, INPUT_PULLUP); // declare bt_F as input
pinMode(bt_S, INPUT_PULLUP); // declare bt_S as input

Icd.begin(16,2);

Icd.setCursor(0,0);
lcd.print("DIGITAL KYMOGRAPH");
Icd.setCursor(0,1);
Icd.print("OTENG'S PROJECT");
delay(2000); // Waiting for a while
Icd.clear();

i

void loop() {

Speed_LCD = map(read_ADC, 0, 1023, 0, 100);

Icd.setCursor(0,0);
Icd.print(" Speed: ");
Icd.print(Speed _LCD);
Icd.print("% *);

if(digitalRead (bt_F) == 0){Mode = 1;} //For Clockwise motion of kymograph
if(digitalRead (bt_S) == 0){Mode = 0;} //For Stop

Complete Arduino code for the programing of the digital kymograph is
show at the appendix A.
Development of Kymograph Electrical System

An external power supply of 12 V was connected to the 12V NEMA 17
bipolar stepper motor. The VS connector was wired with an external 12V power

supply. A 5V was supplied to the logic circuitry of the L298N, using the on-
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board 5V regulator to derive 5V from the motor power supply, the 5V-EN
jumper was unattached.

The enable pin A (ENA) and enable pin B (ENB) jumpers were not
disabled; they were left in place to ensure that the motor was always turned on.
The L298N module's input pins (IN1, IN2, IN3, and IN4) were linked to the
four Arduino digital output pins (8, 9, 10, and 11). The motor's first and second
phases were linked to terminal A (OUT1 and OUT2), while the third and fourth
phases were attached to terminal B (OUT3 and OUT4). LCD screen was
connected to the veroboard such that each pin has its own separate line on the
board. A potentiometer was also connected such that the middle terminal was
connected to A0 and the other two terminals were connected to ground and 5 V.
Each pin has its own separate line on the Arduino board. A 5 V and ground
(GND) were connected to liquid crystal display’s (LCD’s) A and K pins
respectively to power the backlight of the LCD.

Pins D4, D5, D6, and D7 were connected to the digital output pins 4, 5,
6, and 7 of the Arduino. The LCD's pins 2 and 3 were connected to the Arduino
board's pins Reset (RS) and E, respectively. Pins Write only (RW), VDD, and
VEE of the LCD were connected to a potentiometer to adjust the contrast of the
LCD.

Single pole single throw (SPST) push buttons were grounded and
connected to Al and A2 of the Arduino analogue inputs. Al initiates the
kymograph process, and A2 terminates it. To control the speed of the
kymograph, a 10 K potentiometer was attached to Arduino pin AO. The Arduino
board was connected to the PC, and the kymograph program was uploaded to it

(Figure 42).
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Arduino Code — Controlling NEMA 17 Stepper Motor

The Arduino Integrated Development Environment (IDE) or Arduino
Software was installed onto a computer. The software was synchronized with
Arduino boards to upload programs. Programs written using Arduino Software
(IDE) are called sketches. These sketches are written in the text editor and are
saved with the file extension onto the microcontroller on the Arduino board. A
sketch (program) was uploaded to Arduino UNO R3 from the Arduino IDE to

make the stepper motor spin clockwise.

Proteus design suite software was used with powerful features to rapidly

design, simulate and test the kymograph and the organ bath circuit boards before

the circuit boards were implemented, as shown in Figure 42.

Figure 42: Complete assembly and connection of the various components of
the prototype (kymograph)

Design and Simulation of Standby Mode Circuit
The standby mode circuit (Figure 43) contributes to energy conservation
and device protection. Standby mode is used to conserve power on a device

when it is not in use. It lets the kymograph quickly resume operation when
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necessary and conserves energy while not in use. The device uses just 0.25

Watts of electricity when it is in standby mode as shown in Figure 44.

SW1 i .
Iy - |
C_D A To arduino board
- ? (epseo

I

Figure 43: Standby mode circuit diagram

SW1 + r
A @
SW-SPDT
R1 (000 |
470 KRPM

C) Vi {m To arduino board

Il " 4
Figure 44: Standby mode circuit diagram with watt meter
Prototype Construction of Kymograph
A prototype was first designed, simulated and constructed, as shown in
Figure 45 using plastic drum, Arduino UNO R3, 12 VDC power supply and

stepper motor driver (ULN2003). After the prototype was successful, the final

design and construction was carried out.
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Figure 45: Prototype construction of kymograph with plastic drum, Arduino
Uno R3 and 12 DC power supply

Construction of Kymograph Chassis

Anti-slip pads obtained from gas cylinder seals were used to support the
base of the kymograph in order to increase safety and also prevent unwanted
movement of the digital organ bath and the stepper motor as shown in Figure

46.
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Anti-slip
pad

Figure 46: Anti-slip pads for prevention of the movement of the stepper motor

All electrical and electronic circuits for the kymograph were enclosed in the
base of the kymograph. Figure 47 shows the electrical and electronic system

base and shaft of the kymograph.
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Figure 47: Kymograph electrical base system with a carbon shaft

Construction of Kymograph Drum
Two unpolished aluminum bowls as shown in Figure 48 were obtained from

aluminum factory in Ghana.

Figure 48: Two aluminum bowls (unpolished), used for the drum
The two bowls were polished and interlocked to form the drum as shown
in Figure 49 and 50 for the kymograph. Figure 51(A) and Figure 51(B) show

the completion of the setup after the attachment of the aluminium drum.
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Figure 49: Bottom view of the polished and interlocked aluminium bowls

Figure 50: Complete assembly of kymograph drum
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(A) (B)
Figure 51: (A) Complete assembly of kymograph, front and side views.
(B) Complete assembly of kymograph, front view

Calibration of Kymograph

The standard speeds of kymographs are measured in millimeters per
second. The speeds of kymograph ranges from: 0.12, 0.25, 0.50, 0.75, 1.00,
1.25, 2.50, 0.300 mm/sec. The speed of the designed kymograph was
determined in millimeters per second as required and it ranges between 0.25
mm/s to 3.00 mm/s. A pointer fixed to the retort stand, measurement tape and
digital start/stop clock were used to determine the speed ranges of the

kymograph (Figures 52). Figure 53 shows the final assembly after calibration.
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Figure 53: Kymograph final assembly after calibration
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Kymograph Vibration Test

To ascertain the stability of the kymograph when the drum is rotating, a
vibration test was conducted. A vibrometer, version 1.6.15 was used to
determine a possible vibration generated by the kymograph. Modified Mercalli
intensity scale of 1-2 MMI was observed which is considered as a very weak
vibration. This also means the kymograph is stable. The setup for the vibration

test is shown in Figure 54.

Figure 54: Vibration test setup for studying the stability of the kymograph
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Power Supply Design and Construction of the organ bath
The components utilized in the building of the dc power supply are

shown in Table 2.

Table 2: Electronic Components of organ bath DC power supply

Component Values
Transformer 12V
Diodes (1-4) 1N4007
LEDs (1 and 2) Yellow and Red
Capacitor 1 2200 pF
Capacitor 2 0.1 uF
Capacitor 3 1 uF
Capacitor 4 470 uF
Capacitor 5 470 uF
Power regulator LM317
Variable resistor (R3) 10 kQ
Fixed resistor (R2) 1 kQ
Fixed resistor (R1) 100 Q
Fixed resistor (R4) 470 Q

Figure 55 shows the flowchart of the power supply with regulated
output which was used in the construction of the DC power supply for
powering the organ bath and the kymograph. The flowchart was followed to

design and implement the power supply.
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POWER
TRANSFORMER
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SMOOTHING

LINEAR
REGULATOR

OUTPUT

Figure 55: Flow chart for developing the power supply with regulated output
for the organ bath and kymograph

Step-down Transformer

Electrical energy can be passively transferred between one or more
circuits using a transformer. Any coil in the transformer experiences fluctuating
current, which causes the core's magnetic flux to change. This, in turn, causes
variations in the electromotive force (EMF) across any other coils wound
around the same core. It is possible to transfer electrical energy between two
distinct coils without there being a physical or conductive link between the two
circuits. The induced voltage effect in any coil caused by a fluctuating magnetic
flux surrounding the coil is described by Faraday's law of induction, which was
discovered in 1831. AC voltage levels are adjusted with transformers; these
transformers are referred to as step-up or step-down types, depending on
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whether the voltage level is being increased or decreased. The type of
transformer used in this research is a step down transformer (220 V to 12 V),

Alternating Current VVoltage (ACV) as shown in Figure 56.

Figure 56: 12 V Step down transformer for the development of the electrical
system for the organ bath

Full-Wave Power Supply Circuit Construction

All active electronic components used in this study require a steady dc
power source, which was provided by a power adaptor or a dc power supply.
The power supply designed and constructed converted AC (alternating current)
to dc (direct current).

All electronic circuits, including the Arduino board and air pump, are
powered by the voltage supplied by a dc source. The voltage was reduced from
220 V to 12 V using a transformer. The transformer modifies alternating current
voltages based on the turns ratio between the main and secondary windings.

A full-wave rectifier was developed and connected to the secondary's
output voltage with 1N4007 diodes. The rectifier converts the alternating
current input voltage to a pulsing direct current voltage. A 2,200 pF filtering
capacitor was connected across the rectified output voltage. The filter reduces

rectified voltage fluctuations and produces a generally smooth dc voltage.
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The circuit included two linear power regulator components, LM317
and LM7805. For fluctuations in the input line voltage or the load, the regulators
maintain a constant dc voltage. There are two output voltages on the power
supply circuit: 12 V and 5 V. The 12 V was wired to the Arduino board, while
the 5 V was wired to the air pump.

Figure 57 is the schematic diagram for the dc power supply. The input
signal was sinusoidal and the output was linear (dc) as shown in Figure 58; the
unrectified voltage from the power source was 12.2 V and the rectified voltage
was 12.3 V (Figure 59). In this study, the dc power supply was used to supply

adjustable dc voltage to the organ bath and the microcontroller (Arduino).
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Figure 57: Schematic diagram of dc power supply using Multisim 13.0 for
powering organ bath

Figure 58: Simulated Cathode Ray Osci.lloscopg reading the input and output
signals
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Figure 59: DC power supply schematic diagram output voltages, generated
from Multisim, X-MML1 is AC input, X-MM3 is dc output after
rectification from LM317 regulator, and X-MM2 is dc out
rectification 5 V from LM7805 regulator.

Percent Regulation of the power supply

Without any load, the output voltage of the LM 317 power regulator was
12.3' V. The ouput load voltage from LM 317 power regulator was 12.0 V and
the output voltage obtained from 7805 power regulator was 5.2 V, without load.
The output voltage obtained from 7805 power regulator with load was 5 V.

The percent regulation is defined as the performance of a voltage
regulator experessed as a percentage. It could be in terms of input (line) or load
regulation.
The no-load output voltage of the 7805 regulator was 5.1 V, and the full-load
output voltage was 5.0 V.
Therefore load regulation is:
Load = 2%

The no-load output voltage of the LM 317 regulator was 12.3 V, and the
full load output voltage was 12.0 V.
Therefore load regulation of LM 317=2.5%

A good power transformer should exhibit a regulation percentage of less
than 3% (www.allaboutcircuits.com, 2023). The load regulation obtained in this
study was less than 3%, which indicates the efficiency of the power regulator
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and the transformer used in the construction of the dc power supply as shown

in Figure 60.

Figure 60: Power supply circuit board containing assembled components

Organ Bath Design and Construction

vvvvvvvvv

The components utilized in the design and construction of the organ

bath are shown in Table 3.

Table 3: Organ bath components and materials

Component

Quantity

Relay 5 V

Arduino Uno R3
Arduino AT mega 2560
LCD

Strip board

Bread board
Thermistor (NTC), 10K
Transistor BC 547
Resistor 10 K fixed
Variable resistor 10 K
Diode 1N4007

Heating element

Air pump

DC motor

DC adaptor

Materials

Perspex glass

Angle iron metal (2 cm x 2 cm)

1

NRPRPRRPRPNMNWRRRRERRPR
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Construction of Organ Bath Circuit and Chassis

The electronic and the electrical systems of the organ bath were tested
on a breadboard before permanent fixing of the components were done on a
veroboard.

Organ Bath Electrical and Electronic System

A potentiometer was connected such that the middle terminal was
connected to AO and the other two terminals were connected to ground and 5 V
of Arduino UNO board. Each pin has its own separate line on the Arduino
board. A 5 V and GND were connected to LCD’s A and K pins respectively to
power the backlight of the LCD.

Pins D4, D5, D6, and D7 were connected to the Arduino digital output
pins 4, 5, 6, and 7, respectively. Pins 2 and 3 of the LCD were connected to the
Arduino board's pins RS and E, respectively. To modify the contrast of the LCD,
pins RW, VDD, and VEE of the LCD were connected to a potentiometer.

The Arduino board was connected to the PC, and the program for the
organ bath was installed onto it. Pin 13 of the Arduino board was connected
to one lead of a 10 k resistor, and the other lead of the resistor was connected
to the base of a transistor (BC 547). The transistor's collector was connected
to one of the terminal coils of the 5V relay (Figure 54). A DC heating element
was synchronized with the normally open pin of a 5V relay and a DC adapter.

The organ bath chamber measures 35cm in length, 26 cm in breadth,
and 19cm in height. The base frame supported the Perspex container and other
devices in it.

A prototype as shown in Figure 61 and Figure 62 was first designed

and constructed using plastic container, Arduino board, soldering iron
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(heating element), 5 V DC fan, a thermistor and breadboard. After the
successful completion of the prototype, the final design and construction was
carried out. A 5V relay was connected to turn on or off the heating element
when the output pin of the Arduino is high or low to ensure optimum

temperature of 37°C.

Figure 61: Prototype construction of kymograph and organ bath using plastic
container

Figure 62: Prototype construction of organ bath with plastic container
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Five volts (5 V) Relay Module

A relay is an electromagnetic switch that is used to turn on and off
relatively large currents as shown in Figure 63 and Figure 64. The 5 V relay
module utilized in the final work is a Single Pole Double Throw (SPDT) Relay,

with five terminals as shown below:

Figure 63: 5 V relay module used for switching on and off the heating element

This project's relay is a 5V operating voltage relay that allows
7A/250VAC electricity to pass through. To configure the relay, a basic driver
circuit consisting of a transistor, diode, and resistor was employed. A transistor
was used to amplify the current so that the full current (from the DC source (5
V battery)) could flow through the coil and fully energy it. A diode was utilized
to avoid reverse current. Figure 64 (A) shows relay pin connections and Figure

64 (B) show Terminal coils of the relay used in this research.
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Figure 64: (A) Relay pin connections. (B) Terminal coils

Arduino Codes and the Programming of the Organ Circuit
Figure 65 shows the circuit diagram used for the development of the
organ bath in Proteus 8.7 SP3 Professional. Simulation was also done in Proteus

to ensure that all synchronised components can be implemented.

www._TheEngineeringProjects.com

BEtpE, g
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Figure 65: Organ bath simulated circuit diagram from Proteus 8.7 SP3
Professional

Figure 68 shows the flowchart used in the designing and the programming of
the organ bath. The image shown in Figure 68, Figure 69 and Figure 70 show
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the various components and the microcontroller used during the test period of

the organ bath.

D
J

Initialize VVariable and LCD

U

/ Display “Temperature on LCD” /

® 1T

Read the voltage from temperature

4

Convert voltage to temperature (°C)

U

Display temperature in °C

4

If
temperature
goes beyond
set point

No

|:> Heater off

Heater on

J

Return to start

J
oD

Figure 66: Programming flow chart for the development of the organ bath
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Figure 67 and Figure 68 show the assembled components (electronic

system) and the power supply circuit of the organ bath. Figure 69 shows the

housing for the organ bath power supply circuit board.

Figure 67: Organ bath electronic system with bread board, RTD, 5V relay
and Arduino ATmega 2560

Figure 68: Assembled components and power supply circuit of organ bath
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Figure 69: Housing for organ bath power supply circuit board
The complete frame work of the stand is shown in Figure 70. Figure 71

shows the complete frame work of the organ bath Perspex container (chamber).

Figure 70: Complete framework of the stand for the development of the organ
bath
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Figure 71: Complete frame work of the organ bath Perspex container

The complete setup of the organ bath is shown in Figure 72. It include

aerator, heating element and the stirrer.

Figure 72: Complete setup of the organ bath chamber and electrical system
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Organ Bath Arduino Codes or Sketches
The codes below were upload onto a microcontroller for the regulation
of the organ bath temperature. C++ was used to program the organ bath in

Arduino IDE as shown in Figure 73.

/[Benjamin Oteng
//Department of Physics
/[University of Cape Coast
/[Cape Coast

/[Digital Temperature Regualator for Organ Bath
#include <LiquidCrystal.h>

int ThermistorPin = 0;

int Vo;

float R1 = 10000;

float logR2, R2, T;

float c1 = 1.009249522e-03, c2 = 2.378405444e-04, c3 = 2.019202697e-07,
int RELAY = 13;

LiquidCrystal lcd(12, 11, 5, 4, 3, 2);

void setup() {
pinMode(RELAY, OUTPUT);
Serial.begin(9600);
/I set up the LCD's number of columns and rows:
Icd.begin(16, 2);
/I Print a message to the LCD.
Icd.print("OTENG B. PROJECT");
Icd.setCursor(0,1); //Move coursor to second Line and display temperature
regulator
Icd.print("Temp. Regulator");
delay(4000);

¥

void loop() {

Vo = analogRead(ThermistorPin);
R2 = R1 * (1023.0 / (float)Vo - 1.0);
logR2 = log(R2);
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T=(1.0/(cl + c2*logR2 + c3*logR2*logR2*l0gR2));
T=T-273.15;
/IT = (T *9.0)/5.0 +32.0;

lcd.print("Temp. =");
Icd.print(T);
Icd.print(" C");

Icd.setCursor(0,1);
Icd.print("ORGAN BATH-UCC");
delay(1000);

Icd.clear();

Complete Arduino code for the programing of the digital organ bath is

show at the appendix B.

@ ThermistorcodeMay27.2020best | Arduino 1.8.13 - X
File Edit Sketch Tools Help

ThermistorcodeMay27. 2020best

//Benjamin Oteng
//Department of Physics
//University of Cape Coast
//Cape Coast

//Digital Temperature Regualator for Organ Bath
#include <LiquidCrystal.h>

int ThermistorPin = 0;

int Vo;

float R1 = 10000;

float logR2, R2, T;

J‘float cl = 1.009249522e-03, c2 = 2.378405444e-04, c3 = 2.019202697e-07;

Aicuing Una an COMO
i M W @ m e 2 B e = J H ¢ AM1 -017% ~ =@ z 1siam B

Figure 73: C++ program (sketches) in Arduino IDE 1.8.13 developed for the
organ bath

The Organ Bath Temperature based System is made up of several
components, including an Arduino board, an LCD display, a relay, and a
thermistor. The relay and thermistor are the main components of the system. If
the temperature rises above 37.1°C, the relay will turn off at a preset value from
the program, and if the temperature falls below (36.9°C), the relay will turn on,

keeping the temperature of the organ bath at around 37°C.
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The programmed Arduino board handles the entire triggering and
temperature setting operation. It also displays information about the temperature
change in every half second on the organ bath status on the LCD panel based
on the program installed on the microcontroller. Figure 74 shows voltage
divider circuit integrated in the thermistor design and construction.
Thermistor Temperature Calculation:

Voltage divider circuit:
I__I ................ AW

NTC Thermistor
10k (Rt)

Vout

Y To analog pin A
Vin of arduin
2 =3

10k

Y Gnd

Figure 74: Thermistor voltage divider circuit

A voltage divider circuit was integrated to generate a passive linear
circuit which produces an output voltage (Vout) that is a fraction of its input
voltage (Vin). The output voltage of the voltage divider was synchronised with

the Arduino UNO R3 to regulate the temperature of the organ bath.
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This equation (equation 11) is used to calculate thermistor resistance
based on the measured output voltage Vo. Which is the voltage, Vout value
from the ADC value at Arduino pin AQ, as illustrated in the Arduino Code in
Appendix B.

Calculation of Temperature From the Thermistor Resistance

The thermistor resistance can be computed mathematically by using the
Stein-Hart equation (equation 3).

The constant values for the thermistor used in the study are:
A=1.009249522x103, B=2.378405444x10%, C=2.019202697x107. These
constant values were taken from the thermistor's datasheet; an additional way is
to utilize three resistance measurements at different temperatures, and then the
Constants values are entered into the Thermistor calculator online to get the
constants.

To compute the temperature, three different temperatures of the
thermistor are carried out. The temperatures evenly spaced and at least 10
degrees apart. After obtaining the value of Rt from equation 10, the data are
entered into the Stein-hart equation to obtain the temperature in Kelvin. A little
change in the output voltage causes the temperature to vary.

Chapter Summary

The developed Arduino based kymograph and organ bath are highly
corrosion resistance. Proteus 8.7 SP3 Professional and NI Multisim 13.0 were
used in the design and simulation of all the circuit diagrams. The
microcontrollers in this research were programmed using C++. The kymograph
is made up of an aluminum drum, a carbon fiber shaft, and a galvanized steel

base. The galvanised based was pieced using arc welding. The organ bath

82

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

chamber was built by using Perspex glass. The Perspex glass was also pieced
using epoxy and super glue.

The instrument has two standby modes, a circuit and coded program.
This study improves on the previous style of electrically operated pulley
adjustment drum.

Lack of molds, specifically designed machines and tools for creating
faster components (parts) of the kymograph served as a constraint in the

prototype construction.
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CHAPTER FOUR
RESULTS AND DISCUSSION
Introduction

The development of the digital kymograph and the organ bath in this
research will help researchers and students have easy access to sustainable and
affordable kymograph for extended study in physiology. The results and
discussion on the digital kymograph design and implementation are presented
in this chapter. C++ language was used to program the microcontroller. Two
separate microcontrollers were used for the kymograph and the organ bath.
Multisim 13.0 and Proteus 8.7 Professional were used for the circuit design and
simulations.

The information provided is divided into four parts. The first part reports
on information and analysis on the digital kymograph, the second part presents
the power supply constructed for the generation of power to the organ bath in
this research, the third part reports on the parameters obtained from the digital
organ bath and the forth part discusses the findings from the construction of the
digital kymograph.

The Digital Kymograph

The base of the kymograph is 24 cm x 21cm x13 cm in size, this size
was chosen for portability. The height of the shaft is 35cm. The drum height is
14 cm, the diameter is 20.5 cm and the weight is 0.56 kg. The height of the
kymograph is 40 cm. The following speeds were determined: 0.25 mm/s, 0.50
mm/s, 0.75 mm/s, 1.00 mm/s, 1.25 mm/s, 2.50 mm/s, and 3.00 mm/s. The

material used for the shaft is carbon fiber, it is the first time a carbon fiber
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material has been introduced in the construction of kymograph and it proved to
be effective.

Figure 76 shows the result of the implemented prototyped digital
kymograph, experimented with muscle contraction and relaxation. The results
show that the prototype digital kymograph with organ bath provide better
display than the conventional kymograph. The speeds obtain from the research
conforms with standard speeds of digital kymograph.

The prototype digital kymograph also provides more accurate result
because it reduces friction force and complicated gear system which are
common problems with conventional kymograph, which employ smoke-drum
(Suhaeri et al., 2014). A standard graph paper can be attached to the drum of
the prototype digital kymograph (Figure 75) directly to display the result of the
muscle contraction, this leads to more accurate result than the smoke-drum. This

will also lead to a better result interpretation.

-

Figure 75: Complete setup of the interfaced digital kymograph and organ bath
(Author’s construction)
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Figure 76: Kymograph response on muscle contraction

Carbon fiber is highly corrosion resistant and chemically stable. The
utilization of carbon fiber (Figure 37) can increase the lifespan of the stepper
motor since it is strong and lightweight and has a little impact on the weight of
the stepper motor's stator and rotor. Curing epoxy is added to carbon fiber
during manufacturing. Although the curing epoxy can react to sunlight and other
elements, the carbon fiber itself is made from a chemically stable material and
is corrosion-resistant making it a perfect choice for applications in harsh
environments, there is no known corrosion index found in previous work
(kymograph) done.

Galvanise steel was also used to construct the base, which is also a
strong metal and highly resistant to corrosion. The research used highly resistant
to corrosion materials in the construction of the kymograph. This makes it an
effective instrument to be used in the coastal areas as well. The zinc coating of
hot-dipped galvanized steel will last in the harshest soil is between 35-50 years
and in less corrosive soil, 75 years or more (bucket-outlet, 2024).

The drum is made of aluminum, which is also resistant to corrosion. Two
unpolished aluminum bowls were acquired from a factory. They were polished
and then interlocked to form the drum of the kymograph. In rural area's

atmosphere, the corrosion rate averages 0.03 pm/year (0.001 mils/year). In
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industrial locations, the corrosion rates average 0.8-0.28 pm/year (0.03-0.11
mils/year) (Zaki, 2006).
Arduino code
Complete Arduino code for the programing of the digital kymograph is show at
the appendix A.
Digital kymograph key features:
I.  Microprocessor controlled unit
ii.  16x2 LCD Display
ii.  0.25,0.50, 0.75, 1.00, 1.25, 2.50, 3.00 mm/sec accurate speeds
iv.  Standby mode, stop and start buttons
v.  Very low power consumption (24 W)
vi.  Easy detachable drum
vii.  Sturdy, extremely corrosion resistant body

Table 4: Kymograph system specifications

Parameter Value

Speeds 7

Drum Height: 14 cm
Dimensions Diameter 20.5 cm
Height of 35.5¢cm

Shaft

Height of 40 cm

Kymograph

Power 220/230 V AC 50 Hz
Requirements DC12V,2A

Circuit Design and Simulation
Proteus 8.7 SP3 Professional was used in the design and the simulation

of the circuit diagram and accessories for both the digital kymograph (Figure
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39) and the organ bath (Figure 65). Multisim 13.0 was used in the design and
the simulation of the power supply circuit as shown in Figure 57.
Assembled Components and Accessories of Kymograph

All the electrical systems and chassis were put together to form the
complete digital kymograph as shown in Figure 52. Anti-slip pads obtained
from gas cylinder seals were used to support the base of the kymograph.
Calibration of Kymograph

The speed of the kymograph was determined in millimeters per second
as required. A pointer fixed on retort stand, counter and measurement tape were
used to determine the speed ranges of the kymograph (Figure 52).
Determination of the speeds were based on equation 12. Highly accurate speeds
obtained are as follows: 0.25, 0.50, 0.75, 1.00, 1.25, 2.50 and 3.00 mm/sec,
which is consistent with existing speed values for commercial kymograph
(newmeditech.com, 2011).
Kymograph Vibration

To ascertain the stability of the kymograph when the drum is rotating, a
vibration test was conducted. A Vibrometer software (smart tools) version
1.6.15 was employed to determine the vibration. As the drum rotated at various
speeds, the vibrations at various speeds were determined as well as shown in
Figure 77.

According to the study, the system experienced a slight vibration for 120
seconds while maintaining a consistent angular movement between 0.25 and
0.75 mm. The process of rotation is quite steady between 0.25 mm/s and 3.00

mm/s.
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Figure 77: Kymograph vibration test response
Organ Bath Construction

Figure 59 is the schematic diagram for the DC power supply. The input
signal from the mains supply (AC) was sinusoidal and the output was regulated.
The unrectified voltage from the power source was 12.2 V and the rectified
voltage was 12.3 V and 5.0 V). In this research, the DC power supply (Figure
69), was used to supply 12.3 V to the organ bath and 5 V to the microcontroller
(Arduino).

The load regulation (LM7805) was 2% and LM317 regulator 2.5% the
percentages obtained are less than 3% which indicates the efficiency of the
power regulators and the transformer employed in the construction of the power
system. This also relates to similar study by allaboutciruits, 2023. In that study,
a load regulation of less than 3% is regarded as efficient power system.
Complete Arduino code for the programing of the digital organ bath is show at
the appendix B. The chassis stand was constructed using iron of 37 cm x 28 cm
x 10 cm size as shown in Figure 70. Perspex glass was used to develop the
chamber for the organ bath (Figure 71). The size of the Perspex glass is 36 cm

X 26 cm x 18.5 cm.
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Chapter Summary

Figure 75 depict the interfaced digital kymograph and organ bath. The
resulting kymograph and organ bath can be used to analyze tissues in vivo and
in vitro. Other researchers and producers have conducted similar studies using
various materials such as steel, brass, iron, and wood (www.indiamart.com,
2023). This research introduces new materials, aluminium and carbon fiber. The
speeds of kymograph ranges from: 0.12, 0.25, 0.50, 0.75, 1.00, 1.25, 2.50, 0.300
mm/sec. The speed of the designed kymograph was determined in millimeters
per second as required (newmeditech.com, 2011) and it ranges between 0.25
mm/s and 3.00 mm/s. The organ bath constructed regulate the temperature at
37°C. A muscle contraction was used to evaluate the hardware and software
systems that were created to support the kymograph. For use in teaching and
research by scholars and students, the kymograph with organ bath is being

developed to enhance academic study.
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CHAPTER FIVE
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
Overview

The purpose of this research is to design and build a low-cost, corrosion-
resistant Arduino based kymograph for measuring the level and time of a variety
of physiological parameters for use in teaching and research, particularly in
developing laboratories.

Many basic pieces of equipment used in research and academic
institutions can be swiftly and inexpensively constructed to suit the purpose of
the more complicated and costly imported ones. Instead of a foreign-made
kymograph, a locally-made digital kymograph with a spinning upright cylinder
(drum) that can display continuous recording on a paper surface wrapped around
it has been created and manufactured. The apparatus produced can be used to
study physiological investigations such as muscle movement, nerve circulation,
and respiration. Physics and other engineering disciplines can use the equipment
to study waveforms and vibrations.

Summary

Proteus 8.7SP3 Professional and NI Multisim 13.0 were used for the
schematic diagram and simulation of the hardware and software systems. The
device has a 12.0 V input voltage and a current of 2.0 A. It includes a 12-volt
cooling fan, a stepper motor and driver, an Arduino UNO R3 board, a standby
mode circuit, a display unit, stop and start buttons, and a speed regulator
(0.25,0.50,0.75,1.00,1.25,2.50, 3.00 mm/sec). Carbon fiber is used for the shaft,

aluminum for the drum, and galvanised steel for the main chassis. The organ
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bath runs at 37 degrees Celsius and is composed of Perspex glass and a
microcontroller.
Conclusions

The prototype digital kymograph demonstrates better result by
providing muscle contraction value. It is also easier to use than the conventional
kymograph. Recently, the instrument had being used to study physiological
parameter (hand muscle contraction), at the University of Cape Coast. The
experiment in the laboratory shows that students can interpret better using the
instrument than the conventional one. The digital kymograph prototype exhibits
superior performance by furnishing the value of muscle contraction. In addition,
it is simpler to operate than a traditional kymograph. At the University of Cape
Coast, the device has recently been utilized to investigate a physiological
parameter (hand muscle contraction). The lab experiment demonstrates that
students can interpret results more accurately with our technology than with the
conventional one.

However, the system did exhibit a little tremor for 120 seconds during
the vibration test, all the while maintaining a steady angular movement between
0.25 and 0.75 mm. From 0.25 mm/s to 3.00 mm/s, the rotational process is quite
stable, as Figure 77 illustrates.

In this study an Arduino based digital kymograph has been developed
interfacing an organ bath for physiological tissue analysis. The extremely
corrosion resistant body and well-made apparatus is a novel edifice based on a
developed C++ program. The device has been integrated with a standby mode
circuit. This prevents the operation of the equipment when there is power

interruption. Unlike conventional kymographs, the newly constructed device
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which is cost-effective and efficient has a fiber rod as the shaft which is light in
weight, strong and corrosion resistant, thus prolonging the life span of the
stepper motor since the shaft doesn’t exert a lot of pressure. The calculated
efficiency of the power load regulation was not above the stipulated 3%
threshold. The speed ranges obtained are also within the standard ranges for
digital kymograph. In this case, the study is novel and adds knowledge to
academia and research.

Recommendations

For further research the following recommendations are made;

1. The use of carbon fiber for the shaft is recommendable, and hence
further research could be done to employ it for the development of the
drum. This may make the kymograph light weight and robust.

2. In order to collect data remotely, improve understanding and
visualization, future research could include sophisticated algorithms,
distant precision sensors and wireless transmission signals. This will
provide reliable data to researchers for better interpretation and
informed decision-making in real-time monitoring, which will have a
substantial impact on medical research as well as the pharmaceutical

industry.
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APPENDICES

KYMOGRAPH PROGRAM, ORGAN BATH PROGRAM AND L298N
MOTOR DRIVER MODULE

APPENDIX A

KYMOGRAPH PROGRAM
#include<LiquidCrystal.h>
LiquidCrystal Icd(2,3,4,5,6,7);

#include <Stepper.h>

#define potentiometer AO //10k Variable Resistor

const int stepsPerRevolution = 200; // number of steps per revolution for your
motor

/I initialize the stepper library on pins 8 through 11:
Stepper myStepper(stepsPerRevolution, 8, 9, 10, 11);

int stepCount = 0; // number of steps the motor has taken
#define bt_F A1 // Clockwise motion of kymograph
#define bt_S A2 // Stop Button

int read_ADC,;
int Speed LCD;
int Speed;

int Step;

int Mode=0;

void setup() {
pinMode(potentiometer, INPUT); // declare potentiometer as input

pinMode(bt_F, INPUT_PULLUP); // declare bt_F as input
pinMode(bt_S, INPUT_PULLUP); // declare bt_S as input

Icd.begin(16,2);

Icd.setCursor(0,0);
Icd.print("DIGITAL KYMOGRAPH");
Icd.setCursor(0,1);
Icd.print("OTENG'S PROJECT");
delay(2000); // Waiting for a while
Icd.clear();

¥

void loop() {
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Speed_LCD = map(read_ADC, 0, 1023, 0, 100);

Icd.setCursor(0,0);
Icd.print(" Speed: ");
Icd.print(Speed_LCD);
Icd.print("% ");

if(digitalRead (bt_F) == 0){Mode = 1;} //For Clockwise motion of kymograph
if(digitalRead (bt_S) == 0){Mode = 0;} //For Stop

Icd.setCursor(0,1);

if(Mode==0){ Icd.print("  Stop ");}
if(Mode==1){ Icd.print("Drum in motion");}
// read the sensor value:
int sensorReading = analogRead(A0);
/I map it to a range from 0 to 100:
int motorSpeed = map(sensorReading, 0, 1023, 0, 100);
/[ set the motor speed:
if (motorSpeed > 0) {
myStepper.setSpeed(motorSpeed);
/I step 1/100 of a revolution:
myStepper.step(stepsPerRevolution / 100);
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Figure 78: Kymograph simulated circuit diagram with NEMA 17 stepper
motor with L298N and Arduino in Proteus 8.7 SP3 Professional
IDE
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s

Figure 79: Implemented kymograph simulated circuit using Arduino UNO R3,
LCD, Stepper motor and driver, and digital switches on breadboard.
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APPENDIX B
ORGAN BATH PROGRAM

/[Benjamin Oteng
/[Department of Physics
/[University of Cape Coast
/[Cape Coast

/[Digital Temperature Regualator for Organ Bath
#include <LiquidCrystal.h>

int ThermistorPin = 0;

int Vo;

float R1 = 10000;

float logR2, R2, T;

float c1 = 1.009249522e-03, c2 = 2.378405444e-04, c3 = 2.019202697e-07;
int RELAY =13;

LiquidCrystal lcd(12, 11, 5, 4, 3, 2);

void setup() {
pinMode(RELAY, OUTPUT);
Serial.begin(9600);
/[ set up the LCD's number of columns and rows:
Icd.begin(16, 2);
/I Print a message to the LCD.
Icd.print("OTENG B. PROJECT");
Icd.setCursor(0,1); //Move coursor to second Line and display temperature
regulator
Icd.print("Temp. Regulator");
delay(4000);

ky

void loop() {

Vo = analogRead(ThermistorPin);

R2 =R1 * (1023.0 / (float)Vo - 1.0);

logR2 = log(R2);

T=(1.0/(cl + c2*logR2 + c3*logR2*logR2*logR?2));
T=T-273.15;

/IT=(T*9.0)/5.0+32.0;
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Icd.print("Temp. =");
Icd.print(T);
Icd.print(" C");

Icd.setCursor(0,1);
Icd.print("ORGAN BATH-UCC");
delay(1000);

Icd.clear();

{
if(T>=37.1)//if temperature above 37.1 degrees

{
digitalWrite(RELAY,LOW);// Turn off heater

by

else

{
if(T<=36.9)//if temperature is under 36.9 degrees

digitalWrite(RELAY ,HIGH);// Turn on heater

 Organ bath circuit-Final 2022 - Proteus 8 Professional - Schematic Capture - X
File Edit View Tool Design Graph Debug Library Template System Help

DEED GEGEGTE - B @ [oseomn | B+ +QRQAAR 9| ¥ 0@ 16|t [BlaX ARE R

L FschematicCoptare X | . A
i U

[P] DEVICES
IWATTI0K
9C04021A1 1020LHF3
ARDUINO UNO

B

20U

-3

RELAY
TFRTOS03L1000

4@> 80 OO\ MY @O v 1= Fi & + ¢l

P I Il M | @ boMessages : Rootsheet 1 50000 5000

Figure 80: Organ bath simulated circuit diagram in Proteus 8.7 SP3
professional IDE
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Figure 81: Implemented organ bath simulated circuit using Arduino ATmega

256, relay, thermistor, LCD and breadboard.
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APPENDIX C

DC POWER SUPPLY DESIGN
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Figure 83: Implemented DC power supply circuit
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KYMOGRAPH AND ORGAN BATH DESIGN
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Figure 84: Schematic diagram of the kymograph and organ bath using
CorelDraw 2021
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Figure 86: Top view of kymograph base

Figure 87: Bottom view of kymograph base
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Figure 88: Enclosed kymograph electrical and electronics housing
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Figure 89: Kymograph base with carbon fiber shaft
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Figure 91: Kymograph base with electronic and electrical wiring
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Figure 92: Two unpolished bowl used for kymograph drum

Figure 93: Kymograph aluminium drum
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Figure 94: Kymograph electrical system with carbon fiber shaft
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D cm

Figure 96: Organ bath setup after construction

118

Digitized by Sam Jonah Library



© University of Cape Coast https://ir.ucc.edu.gh/xmlui

Figure 97: Implemented interfaced kymograph and organ bath
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APPENDIX D
L298N MOTOR DRIVER MODULE
Table 5: L298N Module Pinout Configuration

Pin Name  Description

INT & IN2  Motor A input pins. Used to control the spinning

direction of Motor A

IN3 & IN4A  Motor B input pins. Used to control the spinning

direction of Motor B

ENA Enables PWM signal for Motor A

ENB Enables PWM signal for Motor B

OUT1 & Output pins of Motor A
OuT2

OUT3 & Output pins of Motor B

OuUT4

12V 12V input from DC power Source

5V Supplies power for the switching logic circuitry inside
L298N IC

GND Ground pin
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Features and Specifications of Driver Model: L298N 2A

= Driver Chip: Double H Bridge L298N
= Motor Supply Voltage (Maximum): 46V
= Motor Supply Current (Maximum): 2A
= Logic Voltage: 5V

= Driver Voltage: 5-35V

= Driver Current:2A

= Logical Current:0-36mA

= Maximum Power (W): 25W

= Current Sense for each motor

= Heatsink for better performance

=  Power-On LED indicator
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