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Optimal energy-aware task scheduling for batteryless IoT devices







ABSTRACT
Today's IoT devices rely on batteries, which offer stable energy storage but contain harmful chemicals. Having billions of IoT devices powered by batteries is not sustainable for the future. As an alternative, batteryless devices run on long-lived capacitors charged using energy harvesters. The small energy storage capacity of capacitors results in intermittent on-off behaviour. Traditional computing schedulers can not handle this intermittency, and in this paper we propose a first step towards an energy-aware task scheduler for constrained batteryless devices. We present a new energy-aware task scheduling algorithm that is able to optimally schedule application tasks to avoid power failures, and that will allow us to provide insights on the optimal look-ahead time for energy prediction. Our insights can be used as a basis for practical energy-aware scheduling and energy availability prediction algorithms. We formulate the scheduling problem as a Mixed Integer Linear Program. We evaluate its performance improvement when comparing it with state-of-the-art schedulers for batteryless IoT devices. Our results show that making the task scheduler energy aware avoids power failures and allows more tasks to successfully execute. Moreover, we conclude that a relatively short look-ahead energy prediction time of 8 future task executions is enough to achieve optimality.

     
                          CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM

· All existing task scheduling schemes employ energy harvesters as a source of power and use conventional sensor modules for the target application, consuming considerable energy during their operation.
· This section surveys existing task scheduling schemes for EH-IoT, with a particular focus on schemes that have the potential to support sensing modalities that harvest energy and sense simultaneously. 
· Most of the existing task scheduling algorithms are complex and require significant amount of energy during their operation on the miniaturized and resource-constrained sensor node. 
· There is no existing mechanism to manage the additional harvested energy in energy positive sensors, which may lead towards ENO of EH-IoT sensors.
2.1.1 DRAWBACKS OF EXISTING SYSTEM  : 
· To address all these IoT-related battery problems, researchers have recently started investigating batteryless IoT devices and networks.
· To overcome this problem, InK considers a dynamic scheduler based on priorities and event-triggers (e.g., timers, energy level triggers, sensor value triggers), which are defined in advance by the programmer. 
· To overcome this issue, and fully automate the problem of task selection, in this paper we propose an energy-aware task scheduler.
· However, we look at the optimal scheduling of application tasks on a constrained IoT device without batteries, which is a problem with significantly different constraints and requirements. 
2.2. PROPOSED SYSTEM 
· It proposes that energy harvesting based sensing can be used in place of conventional power hungry activity sensors (such as accelerometers) to save the energy while attaining reasonable context detection accuracy.
· It proposes a dynamic optimization model based on MDP to schedule the tasks taking into account their deadlines, energy consumption, and available harvested energy.
· It also proposes a virtual energy harvesting sensing system to analyze the battery level which is helpful in deciding the sensing epoch.
· They also propose an optimal start time for the execution of tasks depending upon their deadlines, energy consumption, stored energy and future harvested energy.


2.2.1. ADVANTAGES OF PROPOSED SYSTEM
· We have also presented an energyaware algorithm for batteryless LoRaWAN devices using energy harvesting, where we evaluate the performance of these constrained devices when allowing sleeping between tasks or letting them turn off.
· We provide some insights on how long in the future the behaviour of the batteryless device needs to be predicted in order to get the best performance and avoid power failures.
· We showed the potential of energyaware scheduling, by evaluating the maximum gain in performance when assuming perfect prediction of all future tasks and energy harvesting power.
· In this paper we have shown that energy-aware scheduling mechanisms are needed to improve the performance of successful application execution on batteryless devices. 
Literature Survey:
	             TITLE
	            AUTHORS
	     DESCRIPTION

	Sensing, computing, and communications for energy harvesting IoTs: A survey
	D. Ma, G. Lan, M. Hassan, W. Hu, and S. K. Das, 
	With the growing number of deployments of Internet of Things (IoT) infrastructure for a wide variety of applications, the battery maintenance has become a major limitation for the sustainability of such infrastructure.

	The future of sensing is batteryless, intermittent, and awesome
	J. Hester and J. Sorber, 
	The intermittent execution, constrained compute and energy resources, and unreliability of these devices creates new challenges for the sensing and embedded systems community. 

	Battery-less internet of things –A survey
	T. S. Muratkar, A. Bhurane, and A. Kothari, 
	They offer various advantages like higher data connection rates, good coverage, mobility, expandability, ease of use, etc.

	Ink: Reactive kernel for tiny batteryless sensors
	K. S. Yildirim, A. Y. Majid, D. Patoukas, K. Schaper, P. Pawelczak, and J. Hester, 
	This paper proposes InK; the first reactive kernel that provides a novel way to program these tiny energy harvesting devices that focuses on their main application of event-driven sensing.



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
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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 paper we have shown that energy-aware scheduling mechanisms are needed to improve the performance of successful application execution on batteryless devices. These tiny devices frequently turn on and off, and being aware of the expected energy consumed and the energy that can be harvested is crucial. For this reason, in this paper, we provide theoretical insights into the achievable performance gain of energy-aware task scheduling, compared to state of the art non-aware batteryless application task schedulers. Moreover, we study the influence of the size of the lookahead energy prediction window, as a first step towards developing a practical scheduling heuristic that can run on batteryless devices. To do so, we have proposed a new optimal energy-aware scheduling algorithm that takes into account the energy available in the capacitor and the expected energy to be harvested to optimally schedule the tasks, which are defined by their priority, arrival time, execution time, energy consumption, and set of task parents that need to be executed beforehand. We have compared our energyaware solution against InK, an energy-unaware dynamic scheduler based on priorities and deadlines. 
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