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An Adaptive Machine Learning Framework for Behind-the-Meter LoadPV Disaggregation






ABSTRACT
A significant amount of distributed photovoltaic (PV) generation is invisible to distribution system operators since it is behind the meter on customer premises and not directly monitored by the utility. The generation essentially adds an unknown varying negative demand to the system, which causes additional uncertainty in determining the total load. This uncertainty directly impacts system reliability, cold load pickup, load behavior modeling, and hence cost of operation. This paper proposes an adaptive machine learning framework to disaggregate PV generation and load from the net measurement. The framework estimates PV generation and load based on measurements/data collected from smart transformers, smart meters, other sensors, and weather stations. The proposed framework core idea is to transform the data such that: a) the machine learning model can effectively utilize the time dependency of measurements, and b) the measurements are transformed into a lower-dimensional space to reduce complexity while maintaining accuracy. The transformed measurements are then used to train the machine learning models for load/PV dis-aggregation. Machine learning models investigated include linear regression (LR), decision tree (DT), random forest (RF), and Multilayer Perceptron (MLP). Several test/ training split scenarios, including 90%-10% Split, One-Month-Out, One-Season-Out, and Panel-Independent Split, are presented to provide a thorough evaluation of the proposed framework. Results show that the proposed framework can estimate PV generation with high accuracy using low-complexity methods, and random forest is found to provide superior performance compared to the other ML models investigated.
















                          CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM

· This level of error is comparable and, in some cases lower than the error found in existing load disaggregation techniques for different load types. 
· Therefore, the model developed here can be accurately used for the purpose of power disaggregation of identical loads. 
· The minimum amount of energy saved from a three-hour DR event was found to be 27.5%, which is comparable and, in some cases, greater than savings found from using existing DR algorithms for a DR event of the same duration of time.
· The existing model could be replaced with a physical building model, using standards defined in the ASHRAE (American Society of Heating, Refrigerating and Air-Conditioning Engineers) handbook. 
2.1.1 DRAWBACKS OF EXISTING SYSTEM  : 
· This invisibility, along with the stochastic nature of solar power, can cause new problems for utilities, such as inaccurate load forecasting and estimation, inefficient service restoration, and sub-optimal network expansion decisions.
· One solution to this problem is to monitor each single rooftop PV generation by installing extra metering devices.
· Based on similarity graphs obtained from demand/solar power data, the clustering process is transformed into a graph partitioning problem, which cuts a graph into multiple smaller sections by removing edges. 
· The weight updating process is cast as a repeated game model with vector payoff, in which two components are defined: a player and a set of experts, which in our problem correspond to the disaggregator and the candidate exemplars, respectively. 
2.2. PROPOSED SYSTEM 
· Autonomous control of multiple lighting systems during a DR event using Reinforcement Learning (RL) has been proposed, taking into account the occupants illuminance comfort. 
· The problem is modelled as a Markov Decision Process, and an optimization approach based on RL is proposed. 
· Another Q-learning approach that controls the illuminance level by adjusting lights and blinds in a smart building has been developed.
· An automated DR algorithm has been proposed and tested where in an interruptible load scheme, buildings participate as an aggregated load.
· A Stackelberg Game-based Demand Response (SGDR) algorithm is proposed.
2.2.1. ADVANTAGES OF PROPOSED SYSTEM
· The objective of the coefficient optimization process is to minimize the disaggregation residuals. 
· The reason for this better performance is that the RGVP-based method can identify the candidate exemplars that are highly correlated with the BTM real load/solar powers.
· These coefficients determine the optimal disaggregation of the measured net demand for customers in SN.
· Parametric models along with weather information have been used to estimate solar generation.
· These updated weights are then used to generate the composite native demand and solar generation exemplars for the next time point.
· These calibrated parameters are then used to perform BTM PV generation disaggregation.
Literature Survey:
	             TITLE
	            AUTHORS
	     DESCRIPTION

	Datadriven probabilistic net load forecasting with high penetration of behindthe-meter PV
	Y. Wang, N. Zhang, Q. Chen, D. S. Kirschen, P. Li, and Q. Xia, 
	Distributed renewable energy, particularly photovoltaics (PV), has expanded rapidly over the past decade.

	High Penetration PV integration handbook for distribution engineers
	R. Seguin, J. Woyak, D. Costyk, J. Hambrick, and B. Mather, 
	Global warming is a direct consequence of consumption of fossil fuels which emit greenhouse gasses as they produce energy.

	Sequential service restoration for unbalanced distribution systems and microgrids
	B. Chen, C. Chen, J. Wang, and K. L. Butler-Purry, 
	The resilience and reliability of modern power systems are threatened by increasingly severe weather events and cyber-physical security events.

	A data-driven approach for detection and estimation of residential PV installations
	X. Zhang and S. Grijalva, 
	The number of photovoltaic (PV) systems in the electric grid is growing at an unprecedented speed. 



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:
    This paper presents a non-intrusive novel RGVP-based approach to disaggregate BTM solar generation from the net demand. The proposed method employs the data of fully observable customers to identify typical demand/generation patterns, and optimally combines these patterns to improve disaggregation performance over time. We have used real smart meter data and practical distribution system models from our utility partners to show that this technique is able to enhance solar disaggregation accuracy by adaptively updating the estimator’s response to volatile BTM resources. This can enhance utilities’ situational awareness of grid-edge resources without incurring extra metering investment costs. 
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