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Design and application of a self-powered dual-stage circuit for piezoelectric energy harvesting system





ABSTRACT
This paper describes the design and practical application of a dual-stage H-Bridge (DSHBR) circuit to reduce the rectification losses and mitigate ripples in piezoelectric energy harvesting. The proposed DSHBR circuit integrates both AC-DC and DC-DC conversion processes using bidirectional switches and a step-up DC-DC converter, which applies to both positive and negative half cycles. One additional feature is that it does not require external power to turn on the bidirectional switches (Vth < 0.3 V). Such feature facilitates active rectification at very low AC voltages (Vac < 0.5) generated by the piezoelectric device (PD). To validate the performance of the proposed circuit, a series of experimental tests were conducted. Firstly, the performance of circuit on rectifying the PD output was investigated using a shaker to generate high and low frequency excitations. Next, real-life testing was conducted with human arm motion as the source of excitation. Then, the ability of the entire system to charge solar batteries was investigated. The outcome shows that the DSHBR circuit prominently increased the rectified voltage and the output power while stabilising the DC voltage when compared with the conventional H-Bridge circuit.



CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM

· One of the most widely used power harvesting techniques for micro-power applications uses piezoelectric materials to convert any type of energy to electrical energy.
· The process of extracting unused energy from the ambient environment and converting it into a usable form of electrical energy is known as Energy Harvesting.
· Piezoelectric materials can be used as a means of transforming ambient vibrations into electrical energy that can be stored and used to power other devices. 
2.1.1 DRAWBACKS OF EXISTING SYSTEM  : 
· The technique uses a mechanical stopper to broaden the operating frequency range by changing the damping and the stiffness of the system at impact.
· The design is simple, but it has energy losses due to mechanical impact and risks of mechanical impact fatigue.
· Some of the disadvantages associated with piezoelectric ceramics are: rigidity, brittleness, high density, lower voltage coefficient, physical limitation in producing small-sized piezoelectric ceramics, and lack of design flexibility. 
2.2. PROPOSED SYSTEM 
· In this paper, a modified circuit and an improved analysis for the self powered SSHI (SP-SSHI) are proposed. 
· The essence of the SP-SSHI technique proposed is the electronic breaker. 
· Different energy harvesting techniques have been investigated for the purpose to broaden the energy sources, alleviate the dependence on batteries, and hopefully someday make all WSN devices self-powered.
2.2.1. ADVANTAGES OF PROPOSED SYSTEM
· In their study, the performance of PD and single stage conditioning circuit has been analysed.
· The magnitude of extracted output power is a useful indicator of the performance of the proposed DSHBR circuit.
· An improvement in output power and efficiency was augmented in comparison with the FBR circuit.
· It includes a synchronous rectification process, which eliminates the need of diodes, minimises the size of the circuit and improves the overall efficiency.



Literature Survey:
	             TITLE
	            AUTHORS
	     DESCRIPTION

	High-temperature, point-focus, pressurised gas-phase solar receivers: A comprehensive 

	M. Sedighi, R. V. Padilla, R. A. Taylor, M. Lake, I. Izadgoshasb, and A. Rose, 

	The ideal gas-phase receiver would provide high thermal efficiency and high HTF outlet temperature with low pressure drop and low capital cost. 

	A study of low level vibrations as a power source for wireless sensor nodes 

	S. Roundy, P. K. Wright, and J. Rabaey, 

	Low-level vibrations occurring in common household and office environments as a potential power source are studied in depth.  

	A review on piezoelectric energy harvester and its power conditioning circuit 
	N. A. A. Nawir, A. A. Basari, M. S. M. Saat, N. X. Yan, and S. Hashimoto, 

	This paper presents the recent concern on the power requirements of Wireless Sensor Nodes and the studies on the development of energy harvesting system using piezoelectric devices. 

	A novel self-power SSHI circuit for piezoelectric energy harvester 
	A. M. Eltamaly and K. E. Addoweesh, 

	A parallel SSHI technique has been used to flip the terminal voltage of the PEH through external inductor.  





2.3 FEASIBILITY STUDY
The feasibility Analysis is an analytical program through project manager determines the project success ratio and through feasibility study project manager able to see either project. The key considerations involved in the feasibility analysis are:
· Economic Feasibility
· Technical Feasibility
· Operational Feasibility
· Environmental Feasibility
2.3.1 ECONOMICAL FEASIBILITY
Hence this project is economically feasible there is no need to involve any cost for this project. 
2.3.2 TECHNICAL FEASIBILITY
Software Technologies used are PHP and MySql. In the educational institutions, it is possible to update the system in future. No special hardware is required for the purpose of using this system. Hence it is declared that this project is technically feasible.
2.3.3 OPERATIONAL FEASIBILITY
As the admin work mainly to maintain the Patient and Doctor .Doctor will predict patient cancer disease. Hence it is easy to operate with training. Therefore it is operationally feasible for implementation.
2.3.4 ENVIRONMENTAL FEASIBILITY
This project environment is correct as a admin has developed this system and no expenditure is involved under any head and this process is part of admin document management, this project environment is accessible.   

2.4 SYSTEM REQUIREMENTS
· System	:  Pentium IV 2.4 GHz.
· Hard Disk	: 40 GB.
· Monitor	: 15 inch VGA Color.
· Mouse	: Logitech Mouse.
· Ram		: 512 MB
· Keyboard	: Standard Keyboard

2.4.1 HARDWARE REQUIREMENTS
             The Hardware of the computer consists of physical component such as Input Devices, Storage Devices, Processing & Control units and Output Devices.  Computer includes external storage unit to store data in programs.
           The Hardware Configuration involved in this project
· System	:  Pentium IV 2.4 GHz.
· Hard Disk	: 40 GB.
· Monitor	: 15 inch VGA Color.
· Mouse 		: Logitech Mouse.
· Ram		: 512 MB
· Keyboard	: Standard Keyboard


2.4.2 SOFTWARE REQUIREMENTS 
 	Software is a group of programs that computers need to do a particular task.  It is an essential requirement of Computer System. The Software used to develop the project is
· Operating System	: Windows XP.
· Platform		: DOT NET TECHNOLOGY
· Front End		: ASP.Net 3.5
· Back End		: SQL SERVER 2005














CHAPTER 3
  SYSTEM DESIGN AND DEVELOPEMENT
SYSTEM ARCHICTURE



[image: ]

                                          
  
                         




                 
CHAPTER 4
TESTING AND IMPLEMENTATION

0. TESTING
 Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one.

 4.1.1Unit Testing
	Unit testing comprises the set of tests performed by an individual programmer prior to integration of the unit into a larger system. The module interface is tested to ensure that information properly flows into and out of the program unit. The local data structure is examined to ensure that data stored temporarily maintains its integrity during all steps in an algorithm’s execution. Boundary conditions are tested to ensure that the module operates properly at boundaries established to limit or restrict processing. All independent paths through the control structure are tested. All error-handling paths are tested.

4.1.2 Block Box Testing
Black-box testing is a method of software testing that examines the functionality of an application without peering into its internal structures or workings. This method of test can be applied virtually to every level of software testing: unit, integration, system and acceptance. It is sometimes referred to as specification-based testing.




4.2 SYSTEM IMPLEMENTATION
Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one. 

















                               CHAPTER 5
CONCLUSION:
In this study, a DSHBR circuit for rectifying voltage and power from PEH system under high and low frequencies of vibrations and human motion-induced excitation was designed and investigated. By assimilating the advantage of MOSFETs, which has low threshold voltage in Stage – 1, and DC-DC converter, which stabilises the rectified voltage in Stage – 2, the DSHBR circuit successfully produced higher rectified voltage with fewer ripples and higher output power when compared with the regular H-Bridge circuit. In addition, the voltage rectified through the proposed circuit as a result of low frequency PEH was found to be able to charge a solar battery, demonstrating the practical application of the circuit. In the HMIV test involving arm movement, the proposed circuit delivered 3.4 Vdc of rectified voltage and 115.6 µW of output power from PVDF, while in the SIV tests, 8.8 Vdc and 84.2 µW of rectified voltage and output power was achieved. For future work, modification of the DSHBR circuit to incorporate the non-linear process is recommended. 
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