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Abstract: This paper presents the result of generated electrical energy from mechanical energy using an 

electromagnetic generator. This generated energy is very low. Efforts are made to develop an energy storage 

device for this generated energy. Capacitor bank and rechargeable batteries are used for store energy. This 

stored energy is used to recharge the battery of wearable electronic devices for extending battery discharging 

time. Diode pump and voltage booster circuit are developed to enlarge output voltage. The voltage booster a 

circuit reaches to the maximum level of 5V at 1.2V input voltage. This generated voltage is stored in the 

capacitor bank and rechargeable battery. 
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1. Introduction 

The term energy harvesting is popularly used when electricity is generated from sources such as 

ambient temperature, vibrations, solar energy or movement of the human body like pendulum [1-2]. 

Since there are now electronic circuits whose power requirement is of the order of mill watts, even 

though its energy yield is relatively low. The French scientist Abraham-Louis, is invented self-

powered electronic devices. It is a completely autonomous, self-powered pedometer watch that 

gathers power from an individual’s arm movements. However, the development of energy harvesting 

had been somewhat slow until recent research began seeking alternative power sources for wireless 

sensor networks and portable electronics. The dramatic reduction in power consumption of these 

circuits makes various forms of energy meant to be harvested. Now a day, there has been enormous 

growth in the smart electronic device market and its applications. However, typically not much energy 

is harvested in a small device, so the use of a battery, primary or rechargeable, is beneficial from a 

practical point of view [3].  

Energy harvesting is nothing but energy conversion. Ambient / External energy is converted into 

electrical energy. Converted energy is used for wearable electronics device and health monitoring 

sensors. Advantage of energy harvesting is, it converting wasted ambient energy into usable electrical 

energy. This has been attracted much interest in both the communication and commercial sectors [4]. 

Energy harvesters provide a very small amount of power for low-energy and miniaturize electronics 

devices. Another application of energy harvesting devices in wearable electronics is that it can power 

or recharge cell phones, mobile, radio communication equipment, etc [5]. The different type of energy 

harvesting depends on the kind of energy resources [6-7]. 

Energy storage device stored electrical energy in the battery, capacitor, and supercapacitor. Capacitors 

are used for very low powered electrical devices. The batteries are used to store large power. This 

power is provided for wearable devices and the smart electronic device. The leakage current of the 

battery is very less as compared to the capacitor. Therefore battery is providing a constant supply at 

the output. 

The capacitor or supercapacitor is the passive element that accumulating electric charge between two 

conducting plates. The capacitor is an electronic component used to store electrical energy. The effect 

of this capacitor is known as capacitance. Materials commonly used for manufacturing dielectric 

material are ceramic, mica, air, glass, and film. The capacitance of a capacitor is the ratio of positive 

and negative charge on each conductor plate to the potential difference between them. 

Batteries are used for storing the electrical energy generated from generator. This energy is available 



       Turkish Journal of Computer and Mathematics Education                                      Vol.12 No.12 (2021), 4273-4282 

                                                                                                                                                         Research Article 
 

4274 

for shorter time span. Hence battery is used for wearable electronic device which are relatively taking 

more power. So selection of battery is playing important role in wearable and biomedical devices. 

Capacity of battery, life of battery, load current of wearable devices, size and leakage current are key 

factors to run device more and more times. The battery life of device depends on capacity of battery 

and load of device. The relation between battery utilization time and battery capacity is shown in 

following formula 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒  =
Battery Capacity in mAh

Load Current in mA
 

Battery life is a pain point right now in the smart wearable electronic device. The wearable device's 

physical requirement is the device should be small, thin, and lightweight. It’s no problem only for 

those who are wearing wearable devices but it occurs in electronic companies as well. Many 

companies are updating the software tools and processor instead of battery life improvement. One of 

the reasons for this is extending the battery life of the electronic device is critical. Even extended 

battery life has limitation and ultimately need to replace the battery. This is not only increasing the 

cost of devices but also harmful to the environment. To overcome this problem companies now using 

a rechargeable battery. 

The term wearable electronics is a working small electronic gadget which wears on the body in day to 

day life. Wearable electronics is a general term for the systems or appliances that contain electronics 

and that are carried during usages. Wearable technology, on other hand, does not define the type of 

technology utilized, i.e. electronics are not necessarily needed [8]. A mainly wearable electronic 

device contains small sensors for sensing data and communicates wirelessly. 

Wearable electronics is the well-designed, strong implementation of electronic circuits into a modern 

electronic device. Wearable electronics is a system that includes electronics circuits, components, and 

controllers. The wearable electronic system is an emerging trend and is expected to be revolutionary 

in many application areas like sports and medicine. New technology is needed for eliminating motion 

artifact and recovering signals corrupted with human body motion. This is a rapidly growing product 

sector. Large numbers of up-and-coming tech companies are investing heavily in this area, along with 

networks, device makers, and venture capitalists. As a result, within a decade of year, things will look 

a lot different than they do today. It isn’t uncommon to see a person wearing a heart rate monitor 

when exercising, a pedometer when dieting, or a watch with ambient temperature sensors.  

Wearable electronics is a fairly new field of research and as a result, much of the terminology has still 

to gain widespread acceptance [9]. The history of wearable electronics goes back to the 1960s when 

the first wearable computer was designed [10]. So far, a few surveys on wearable electronic systems 

and energy harvesting have been written and extended. Some of them propose their standards and this 

is useful for people already working on the problem of wearable electronic systems and energy 

harvesting. 

In the last few years, there has been an enormous growth in the diversity and market penetration of 

small electronic appliances like wearable electronics gadgets. Wearable electronics and technology 

are the new technology areas today. Wearable Electronics refers to any electronic device or products 

which can be worn by a person to integrate computing in his daily activity or work and used 

technology to avail advanced features & characteristics. 

 

2. Electromagnetic Generator Based Energy Storage Device 

Self powered wearable devices are work on energy conservation principle. Mechanical energy 

converts into suitable range of wearable device using electromagnetic generator and energy storage 

device. 

2.1 Energy Conversion Principle 

Energy is available in many forms such as potential, kinetic, electrical and various other forms. 

Electrical energy is fundamental need of electronic device. Portable electronic device have 

limitation to store electrical energy in battery. To extend lifespan of electronic device need to 

convert other source of energy into electrical energy. Energy conservation law plays important role 

while converting any form of energy into electrical energy.  The energy conservation law state that 

energy can neither be created nor be destroyed; it can only transformed from one form of energy 

into another form of energy. This means that total energy isolated in system is always constant. 
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2.2 Source of Energy Harvesting 

The sources of ambient energy are solar energy, thermal energy, vibration energy and Radio 

Frequency (RF). Electrical energy is captured from mechanical to electrical (ME), RF energy to 

electrical (RFE), thermal energy into electrical energy (TE) or chemical energy into electrical 

energy (CE) [11]. Sources of energy harvesting are categorized as ambient and man-made [12].  

Environmental energy is a part of ambient energy which converts into electrical energy. Sources of 

man-made energy harvesting or external energy harvesting are mechanical sources or human. 

Different energy sources are available for generating electrical energy. This are converting ambient 

exist energy into electrical energy. This electrical energy is dependent on efficiency and output 

power. The comparative study helps to predict energy generation. Table 1 shows comparative study 

energy sources efficiency and maximum generated power. 

Table 1. Energy sources and its parameters [13] 

 

Energy Sources 
Parameters 

References 
Efficiency Output Power 

Solar (Outdoor) 6% - 35% 1350mW 14-17 

Solar (Indoor) 3%-7% 621mW 18-19 

Vibration (Human Motion) 10% - 30% 0.84mW – 4.13mW 20-22 

Vibration (Machine 

Motion) 
20%-40% 200mW-400mW 23-27 

Wind 7%-20% 0.77mW-439mW 28-30 

Thermal (Human) 0.8%-4% 0.5mW-5mW 31-32 

Thermal (Industry) 1%-7% 3mW-50mW  

RF-GSM/WiFi 5%-25% 10nW-1mW 33-36 

 

Comparisons of energy sources based on different energy harvesting technique are available and 

practically possible to convert it into usable energy discussed. Main components are RF, solar, 

vibration, wind and thermal energy harvesting techniques compared with efficiency and possible 

power get from that source. The vibration energy from human motion is focused here to provide 

alternative energy for wearable electronics. Electromagnetic generator is used for that purpose. 

   2.3 Electromagnetic Energy Generator 

Renewable energy harvesting is also known as alternative energy. Basic sources of this energy 

harvesting system are solar energy, thermal energy, radiation energy and vibration energy. 

Vibration energy harvesting is basically divided into three types namely: Electromagnetic, 

Piezoelectric and Electrostatics. 

Electrical energy for smart electronic device is harvested from electromagnetic generator. 

Electromagnetic generator is based on Faraday’s Law. Electromagnetic energy harvesting is a 

process for generating voltage by changing magnetic field around copper coil. This harvester has 

high output current at the expense of small voltage. Generator is designed using insulated coils of 

wire and magnet for producing electrical energy. For body movement electromagnetic generator, 

the coils are fixed and magnet is moving inside coil. One more electromagnetic generator is used to 

convert mechanical energy into electrical energy. While movement of shaft of generator, it generate 

electrical energy. Continuous movement of shaft, it generate maximum spike of voltage and this 

spike reach to 0.81V. 

This voltage is low voltage and it also very difficult to store for long time. For continuously 

charging wearable device require sufficient amount of current and voltage. Switch operated diode 

pump circuit is used for increasing current of circuit. Voltage booster circuit is used for increasing 

output voltage of circuit. 

Accumulated of small amount generated energy is used for wearable device [37]. The most 

important trend in energy harvesting from its beginning is wearable electronics devices. Wearable 

electronics have many advantages over traditional electronic systems. Every wearable electronics 

device requires energy. This energy is captured from the battery. Energy requirements and 

consumption of such devices are depending on the number of devices as well as their mode of 

operation. 
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 2.4 Switch Operated Diode Pump 

The diode pump circuit is used to accumulate small amount of energy generated from 

electromagnetic generated. The switch is used to control the current pass to electromagnetic 

generator to diode pump. This switch operated diode pump circuit is also used to increase current 

and kept constant in desired range. This circuit working is decided by the switch operation. The 

output voltage of this circuit is dependent on input voltage of circuit and switch position. When 

switch is open, impendence of circuit is very high. Inductor current (IL) is discharge through diode 

and its charge capacitor C. The voltage source and inductor is in series generate higher voltage and 

charges the capacitor through semiconductor diode. Another way, if switch is closed then current is 

passes in clockwise direction and stores energy in inductor IL. As a result current passing through 

inductor increases. Quick switching cycle helps inductor not to fully discharge and this rate of 

change of current is directly proportional to voltage across inductor. Effectively the overall voltage 

of booster circuit is always greater than input voltage applied to circuit. This integrate diode pump 

to accumulate voltage and then DC-DC converter to create single power supply for wearable 

device. Figure 1 shows the current in booster circuit and switching state. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Switching state current booster circuit 

 

Switching boosting circuit is used to boot current. Current is playing driving role in charging 

circuit. The energy generator is the device which converts the body movement mechanical energy 

into electrical energy. This harvested signal from energy harvester is regulated using regulator. 

Large value of capacitor i.e. 1000μF is used for this purpose to store maximum charge. Current 

response of switch operated diode pump is shown in figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Current response of diode pump circuit 
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discharging while changing the state of switch. The graph of current vs switch time indicates that 

while switch triggered to ON mode then current linearly start to increase till maximum load current. 

Capacitor is charging while switch is open through diode. Capacitor discharges through load while 

switch is closed. 

 

3. Voltage Booster Circuit using IC MAX756 

Voltage booster circuit is used in this research work because it is important in wearable devices to 

increase operating time of battery. This IC not only adds voltage but also multiply voltage because 

of this it is also known as voltage multiplier. To charge wearable health monitoring devices, it is 

needed to boost generated voltage. DC – DC converter is used for increasing voltage in also known 

as voltage booster.  This booster is placed in between the battery and capacitor bank to store electric 

charge. The figure 3 shows voltage booster circuit using IC MAX 756. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Voltage booster circuit using MAX 756 

The diode pump voltage is not sufficient to operate wearable electronic device. The DC booster 

circuit is enhancing input voltage also known as DC-DC Converter. This circuit is used to charge 

rechargeable battery from small amount voltage generated from electromagnetic generator. The key 

component of this circuit is IC MAX756 which accepts input voltage down 0.7V and generates 

higher voltage upto 5V. This boosted voltage is sufficient to charge small powered wearable device. 

Negative input is applied to pin 2 which change from ground (0V) to positive and output of circuit 

is 5V which charge battery. The voltage booster circuit waits till 0.7V or more than that to reach the 

maximum voltage. The power consumption of this CMOS IC is very low and efficiency is in the 

range of 87% to 95%. This step up circuit is use in medical instruments, wearable device, personal 

data communicator and other electronic device. In this circuit positive voltage from 0.1V to 1.2V is 

applied to voltage booster circuit and the result this is shown in table 

 

Table 2. Response of voltage booster circuit 
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For charging wearable device 

needs to increase generate voltage. 

The booster is a device which 

converts small voltage into the 

voltage range which wearable device 

can charge. Table 2 indicates the response of circuit; input voltage increases after 0.7V and output 

reaches near to 2V. At 1.2V the device shows maximum voltage which is sufficient to recharge 

small powered wearable device. The nature of response of booster circuit is shown in figure 6. 

 

3.1 Energy Storage 

Energy storage is next step voltage booster circuit which is used to charge wearable device. A 

battery is commonly used to energize most of these applications, but they have a finite lifetime. As 

wearable devices tend to be relatively power hungry, a trade-off between battery capacity and size 

has governed the lifespan, dimensions, and capabilities for battery-powered devices. New 

technologies such as energy harvesting have the capability to effectively power electronic 

instruments. Harnessing energy from sources such as motion, sunlight, and temperature changes 

has been employed respectively on electronic self-winding wristwatches, solar-powered calculators, 

and thermal powered wristwatches. Therefore, energy harvesting is an alternative to batteries for 

energizing electronic devices. The energy stored in capacitor is work done by battery. Capacity of 

capacitor to store the electric charge is known as capacitance of capacitor. This capacitance is 

dependent upon area of plates and properties of material in the plates. The following figure 4 shows 

the block diagram of energy hervesting and storage device. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Block Diagram of energy storage 

 

The electric energy generated from different generator is harvest at energy harvester. This energy is 

converted into dc source using regulator. This storage system is mainly focused on storing the electric 

charge. Two capacitors are used to store electric charge.  The charging current from regulator charge 

the capacitor until the voltage across the two plates of capacitor is 3.3V. The charging current of 

capacitor is stopped when capacitor is fully charged. Once the capacitor is fully charged then 

capacitors maintain steady voltage. The capacitor starts discharging while load voltage is higher than 

input voltage of device. The capacitor also discharges because of leakage current. In this 
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experimentation large value capacitors are used to maintain the significant amount of charge. 

The energy storage device stored the electrical charge into a capacitor bank which is connected at the 

output of the harvesting circuit. Capacitor bank is made by connecting the capacitor in series. In this 

circuit energy packet comes in the form of voltage. The variation in generated voltage also stored in 

the circuit. Small button cells also used to avoid batteries because it is easy to install in location for 

chronic diseases. Rechargeable batteries are widely used to generate electrical energy generated from 

vibration in large quantities to power the wearable device. Batteries are widely used for long duration 

energy stored. The figure 5 shows the series parallel RC model for storing energy generated from 

electromagnetic generator.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. RC model of electromagnetic generator 

 

The resistor capacitor arrangement in series and parallel is used to store generated voltage from 

generator. It also increases current which is sufficient to trigger a diode.  

This RC model has two resistor capacitor parallel pairs and one series resistor capacitor pair. This 

series parallel combination is used to balance the current and voltage of the circuits. This RC parallel-

series have fixed resistor and capacitor value which is used to store the electrical energy generated 

from electromagnetic generator [38-40]. The values of resistors and capacitors are selected in such a 

way that the circuit generates maximum energy. 

 

 

 

 

 
 

Figure 6. Output voltage of booster circuit 
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range of 0V to 1.2V is shown in figure 6. This voltage is increased using voltage booster circuit. This 

voltage increases while increasing input voltage applied to circuit. The response of this circuit reaches 

to 4.98V. This voltage is easily charge wearable device. The nature of graph shows that while 

increasing input voltage output voltage also increases linearly. 

4. Conclusion 

The electrical energy is harvested using electromagnetic generator. Electromagnetic generator is 

used to convert vibration or motion into electrical energy. This generated energy is very low. It 

rectified and then amplified to store in capacitor bank. Diode pump is device used for rectifying 

voltage and also used to store. The diode pump circuit developed with two capacitors and two 

rectifier diode. Output voltage generated from electromagnetic generator is provided to diode pump 

circuit. This voltage is accumulated in capacitor for short time duration. Long time storing electrical 

charge used battery. The voltage stored in diode pump isn’t charging wearable device. For charging 

wearable device or store charge in battery of wearable device developed voltage booster circuit. 

This voltage booster circuit is developed using IC MAX756. This circuit is accepts voltage from 

0.7V and generate voltage maximum 5V. The voltage drop of this circuit is negligible and 

efficiency is upto 95%. The voltage booster circuit reaches to maximum level 5V at 1.2V input 

voltage. This generated voltage is stored in capacitor bank and rechargeable battery. Boosted 

voltage is work as source of energy for wearable electronic device or health monitoring device. 
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