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Abstract 
 

The amount of energy consumed by the present day embedded firmware or the hand the gadgets are 
increasing with the lightning speed. This is leading to the more and more advancement in the production 
of reliable energy. The energy scavenging system is that is accompanied by the battery does not provide a 
better reliability compared to supercapacitors. Supercapacitors offers bigger number of points of interest 
over the traditional electro chemical batteries. In the environment where the power control foundation is 
far away from the computational system the solar energy buffered in supercapacitors offers an alluring 
alternative for the conventional powering system. This system harvest solar energy with the efficiency of 
85%. This system also provides the information of the energy stored in the supercapacitor with the help of 
communication module. 
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Introduction 
 
The present day world is more focusing on the 
artificial intelligence coupled systems or in simple 
terms autonomous robotic systems, where the 
system itself can take the data from the real world 
and provide the alerts like highway traffic 
monitoring, in which the cameras will capture the 
real time image and process it for the information 
like speed of the vehicle at which it is moving, license 
identification etc. Area surveillance where the region 
under surveillance is observed for the unusual 
uncommon events. The geological activity or the 
topographical actions need to be analyzed all time 
and data need to be processed. All the system has to 
perform autonomously in the field, far away from the 
power stations. So in these situations the device 
must possess the capability to operate on its own or 
the power should be provided continuously. 
 
The system should sustain by itself, complete 
wireless makes the system installations and 
maintenance easy and these system relay on the 
renewable energy for the power, mostly on the solar. 
The storing these energy in the conventional 
batteries is of less reliability. So the alternative 
approach to store energy is storing energy in 
supercapacitors. The solar energy buffered in 
supercapacitor module is a offers an alluring 
alternative for the conventional powering system. 

 
 
In recent years the WSN’s are powered through 
supercapacitors because of its high efficiency, nearly 
infinite charging and discharging cycles. 
Supercapacitors are environmental friendly unlike 
electro chemical batteries which are hazardous to 
environment. The charging and discharging rates of 
supercapacitors are very high compared to 
conventional batteries. 
 
The power system of the embedded devices or the 
artificial intelligence computational devices may be 
categorized into three types low power system, 
moderate power system and high power system. Low 
power system powering devices is already using the 
solar power. Low power-systems uses simple energy 
harvesting techniques, as the result the efficiency is 
also low as 30%, the maximum efficiency that can be 
obtained in these harvesting system is 60%. Some of 
the devices which run on low power are highway 
monitoring system, traffic junction systems etc. 
Moderate power using systems are deployed 
convention wired powering, this can be converted to 
wireless and make the system installation and 
maintenance easy. In this the energy are buffered in 
the batteries this can be replaced with 
supercapacitors as it offers much more advantages 
than the conventional electro chemical batteries. 
 
This paper presents a system in which the harvested 
solar energy is stored in the supercapacitors and can 
be used by the embedded system. This system 
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powers a low power consuming devices as well 
moderate power consuming devices. The harvesting 
design which is used in this paper is able achieve the 
harvesting efficiency of 85%, which is the maximum 
harvesting efficiency that can be achieved. 
 
System Design 
 
This system presented in this paper is composed of 4 
modules namely, harvester module, control module, 
measurement module, communication module. This 
module can be used by the wide range of 
engineering scholars in their research work because 
of the combination of (i) intelligent functionality 
incorporated in the harvester (ii) high efficiency of 
85% due to high modular circuits (iii) solar panels are 
available in abundant for cheaper cost (iv) ability to 
supercapacitors in a flexible manner (v) negligible 
aptitude required for setup development. This 
system can harvest the solar energy and buffer it in a 
supercapacitor and power an embedded application 
though a 5V regulated output which is treated as the 
most common usable voltage in the embedded 
systems. 
 
The stage comprises of internal power estimation 
devices, a low-control microcontroller, and 
correspondence interfaces. The systems 
measurement and communication capacities give 
data on vitality accessibility to the supported 
embedded system through either its RS-232 port or 
Bluetooth. This empowers the application that is 
running on the embedded system to execute energ-
aware calculation procedures to enhance energy 
utilization. Furthermore, Bluetooth empowered 
gadgets (e.g. cell phones) can acquire data from the 
framework utilizing the Bluetooth interface. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Solar-Capacitor System. 

Figure 1 shows the interface between solar capacitor 
system and the user components. The user 
components include, solar panel which captures the 
sunlight and converts it into electricity and supplies 
to the system. Supercapacitors that stores the energy 
received from the solar panel and buffers it. 
Embedded system, usually this is a computational 
device that needs to be powered from this system. 
Bluetooth module, it is an optional module that 
provide the information about the harvesting system 
and storage information. The solar panel size and 
supercapacitor size and configuration can be chosen 
as per the user requirement. This is an automatic and 
an autonomous system which works on its own once 
the harvesting module is connected with solar panel 
and the supercapacitor is connected to it. The 
control of the system, communication control is 
achieved by the microcontroller attached to it. 
 
The status of the system can be known to the user by 
the help of status read push button and two status 
LED’s. The RED and YELLOW led indicates the 
following status,  
Red OFF, yellow OFF: the system is exhausted and 
has lacking energy to work.  
Red ON, yellow OFF: the system is working, yet the 
supercapacitor block voltage is not as much as the 
base 3.6 V required to give a 5 V output to the 
computational gadget. Subsequently, the 5 V output 
is stopped.  
Red OFF, yellow ON: the system is working and 
supercapacitor block voltage is 3.6 V and giving 5 V 
to the computational gadget, yet the supercapacitor 
piece is not completely charged.  
Red ON, yellow ON: the supercapacitor block is 
completely charged. The 5 V output is empowered. 
Reaping is purposefully impaired to avert cheating 
the supercapacitors. 
 
Modules 
 
The system utilizes a measured architecture with co-
planned equipment and programming to bolster 
self-governing operation, proficiency, controllability, 
adaptability, and strength to shifting energy 
accessibility. Every module, intended to finish 
particular tasks, it is developed utilizing a mix of the 
active and passive circuit segments which determine 
its power requirements. As mentioned earlier in this 
paper this system has 4 modules harvester module, 
control module, measurement module, 
communication module. 
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Harvester module 
 
The harvester module transfers the energy obtained 
by the solar panel into supercapcitors, this module is 
controlled by the microcontroller, the harvester 
module works only when the microcontroller sends 
the signal to controlling MOSFET switch. Energy is 
buffered into the supercapactiors using inductors. 
This harvester design is based on switching 
regulators and SEPIC architecture. 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Harvester Circuit Using SEPIC 
 
This circuit harvest energy by transferring a small 
amount of energy from the solar panel to the 
supercapacitor block in a cycle of every every 5µs. 
Because the switching frequency selected for this 
system is 200KHz. There are two cycles, charge cycle 
and transfer cycle. The charge phase starts when the 
MOSFET switch is ON. In this phase the output diode 
is reverse biased and the supercapacitor block does 
not receive any energy, but the current through L1 & 
L2 rises increasing the energy stored in these 
inductors. The transfer phase starts when the Q1 is 
turned off. The output diode is forward biased 
during this phase and current L1 and L2 ramp down 
as energy is transferred to coupling capacitor and 
supercapacitor block. This harvester design gives the 
efficiency of 85%. 
 
Communication Module 
 
It consist of an RS232 and Bluetooth modules. RS232 
communication is connected to the microcontroller. 
The information transmitted on RS232 port can also 
be obtained with the help of USB port and using 
RS232 to USB converter cable. Bluetooth module is 
enabled using a separate module that implements 
the Bluetooth by interfacing it into the 
microcontroller. The communication module 
transmits instantaneous solar panel voltage, solar 
panel current, supercapactior block voltage, 
transmission is in ASCII format, raw ADC counts are 

 
transmitted that can be scaled to obtain actual 
values. 
 
Measurement Module 
 
The measurement module provides the current and 
voltage values at different point in the system. Some 
of the harvester controlling function is based on the 
values from this module. The analog to digital 
converters which is present in the system gives the 
voltage measurements of the system. Current 
measurements cannot be directly obtained unlike the 
voltage measurements which can be directly 
obtained from the analog to digital converters, the 
precise current measurement requires CSA (current 
sense amplifier) that also amplifies small voltage 
drop across sense resistor to levels in the 1 to 4 V 
range that can be measured accurately by the 
microcontroller’s ADC (Analog to digital converter).  
The low pass RC filters are used to smooth out the 
current signal prior to amplification by current sense 
amplifier. The low pass filter is especially important 
for measuring input current to supercapacitor, as the 
harvester module's SEPIC architecture charges the 
supercapacitor block via current pulses whose 
significant frequency components exceed the 3dB 
bandwidth of the CSA. To quantify accuracy, the 
values measured internally by the system were 
compared against a baseline measured by a DMM 
(digital multimeter). 
 
Control Module 
 
The control module consist of the microcontroller 
and a firmware The Control Module is responsible for 
active harvesting after the system has woken up and 
implements the MPPT (Maximum Power Point 
Tracking) for the solar panel and overcharge 
protection for the supercapacitor block. The module 
is implemented in firmware on an 8 bit 
microcontroller, which provides adequate 
computation capability for implementing the control 
tasks and interfaces for the low level access required 
for the hardware components in the system. An 8 bit 
microcontroller consumes less than 10 mW inclusive 
of interfaces for the peripherals and therefore 
contributes to high energy efficiency of the harvester 
in its active operational state. The ability to update 
the firmware also provides flexibility in modifying the 
control algorithms. 
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Conclusion 
 
In this paper, an open-source energy harvesting 
system is presented, which uses solar panels as its 
sole energy input and supercapacitors as its sole 
energy buffer. The system is able to harvest a 
maximum solar power of 15 W and provide a 
regulated 5 V voltage to an external embedded 
device that has a maximum power consumption of 
10W. The system is able to wakeup and resume 
functionality from a fully depleted state, when the 
supercapacitors have zero remaining energy. During 
its normal operation, the system uses its built-in RS-
232 or Bluetooth communication capability to 
transmit vital energy-state information to the 
external computational device. Such information 
includes the solar voltage, supercapacitor block 
voltage, solar current, and supercapacitor 
charge/discharge currents. Using this information, 
the embedded device could make software-level 
decisions to maximize its energy efficiency. The 
harvesting and measurement functionality of the 
system are achieved via a microcontroller. 
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