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Abstract: In this paper, to design and implementation of a hierarchical control system for managing the 

integration and operation of super capacitors and micro sources within a DC micro grid island, aiming to enhance 

the grid's stability, reliability, and efficiency while optimizing energy management and ensuring seamless 

transition between grid-connected and islanded modes. This control architecture typically involves multiple 

layers, such as primary, secondary, and tertiary control, each responsible for specific functions like voltage 

regulation, frequency control, and power sharing among micro sources.  
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I. Introduction 
Now a days, not easy to keep and monitoring using super capacitors in DC Micro Grid Island, the 

increasing adoption of renewable energy sources, coupled with advancements in energy storage technologies, has 

spurred the development of micro grids as a viable solution for decentralized power generation and distribution. 

Among the various types of micro grids, islanded DC micro rids have garnered significant attention due to their 

potential for providing reliable and efficient electricity supply in remote or off-grid areas. These micro grids 

operate independently of the main grid, relying on a combination of renewable energy sources and energy storage 

systems to meet local demand. However, the effective control and management of these complex systems pose 

significant challenges partiScularly, in ensuring grid stability and optimal utilization of resources.  

The Super capacitors have emerged as promising energy storage devices in micro grid applications due to 

their high-power density, fast response times, and long cycle life. Their ability to store and release energy rapidly 

makes them well-suited for addressing transient power imbalances and smoothing out fluctuations in renewable 

energy generation. Additionally, the integration of various micro sources such as photovoltaic arrays, wind 

turbines, and battery storage systems provides further flexibility and resilience to the micro grid operation. 

However, coordinating the operation of super capacitors and micro sources in islanded DC micro grids requires 

sophisticated control strategies to optimize energy flow and ensure system stability.  

 

II. Design and Methodology 

A .Block diagram  

In this block diagram which consists of battery, supercapacitor, voltage regulator, Arduino, relay, LCD, 

buck boost converter, load. The battery is connected with the buck boost converter and also super capacitor is 

connected with buck boost converter the two- power source commonly connected with the load. Based upon the 

required voltage the buck boost converter either the voltage will be buck or boost the voltage. The Arduino is used 

to generate the gate signal which is present in the buck boost converter. 
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This paper hierarchical control system for the components within the islanded DC micro grid aims to 

optimize energy management, enhance system stability, and ensure efficient operation under varying conditions. 

At the core of the system lies an Arduino microcontroller unit (MCU) programmed to oversee the hierarchical 

control architecture. The MCU acts as the central supervisory controller, orchestrating the interaction between the 

various components to achieve optimal system performance. 

The battery serves as a primary energy storage device within the micro grid, providing backup power 

during periods of low renewable energy generation or high demand. The voltage regulator 7805 maintains a stable 

output voltage for powering the control electronics, ensuring reliable operation of the control system. A buck-

boost converter is employed to efficiently regulate the voltage level within the micro grid, adapting to fluctuations 

in renewable energy generation and load demand .Relays are utilized for switching between different power 

sources and loads, enabling seamless transitions and effective management of energy flow. An LCD display 

provides real-time monitoring of system parameters such as voltage, current, and energy levels, allowing for easy 

visualization and assessment of system performance. 

 

III-Circuit Diagram: 
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In this circuit diagram which shows the connection to implement in the hardware part of our project 

which is super capacitor and micro sources in islanded dc micro grid. In response to these challenges, this paper 

proposes a hierarchical control framework tailored specifically for the coordinated operation of super capacitors 

and micro sources in islanded DC micro grids. The hierarchical architecture encompasses multiple control layers, 

each addressing specific control objectives and functionalities. At the top level, a global supervisory control 

oversees the overall system operation and coordinates the interaction between super capacitors and micro sources. 

Lower-level local control loops are responsible for regulating individual components, including super capacitors 

and various micro sources, to ensure efficient energy management and adherence to system constraints.  

The hierarchical control strategy aims to enhance the resilience, reliability, and efficiency of islanded DC 

micro grids by dynamically managing energy flow and distribution. By leveraging the complementary 

characteristics of super capacitors and micro sources, the proposed control framework optimizes system 

performance while mitigating the impact of renewable energy intermittency and load fluctuations. Through 

simulation studies and analysis, the effectiveness and robustness of the hierarchical control strategy will be 

evaluated, providing insights into its potential for practical implementation and advancing the state-of-the-art in 

micro grid control and management. 

 

IV- Simulation Diagram: 
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3.1 Simulation circuit diagram sub system 1 

 
 

In this paper the Simulation circuit diagram it consists of two subsystem both are connected in parallel 

that consider as islanded dc micro grid which connected with two loads (load, load1). The load 1 work after 3sec 

that set-in step. The breaker is connected with load for protection from overvoltage. A simulation is a model that 

mimics the operation of an existing or proposed system, providing evidence for decision-making by being able to 

test different scenarios or process changes.  

 

3.2 Simulation circuit diagram sub system 2 

 

 
 

 



Design and Implementation of a Hierarchical Control System for Managing the Integration .. 

DOI: 10.9790/0853-2006014853                                   www.iosrjournals.org    52 | Page 

The Subsystem 2 is battery source that connected with fly back buck-boost converter. From battery side 

the voltage 100v and reference voltage 200v, as per load demand the converter buck or boost the voltage, the 

display shows normal current, boosted voltage and current through voltage and current measurement.  

In this paper the super capacitor that connected with fly back buck-boost converter. From battery side the 

voltage 100v and we set as reference voltage 200v, as per load demand the buck or boost converter either buck or 

boost the voltage and display shows normal current, boosted voltage and current through voltage measurement 

and current measurement. Here we are using the logic controller to compare the normal output voltage with 

reference voltage and decides the function either buck or boost the voltage. 

 

IV. Simulation Result 

 

 
 

A Simulation result shows in Fig 3.4 the output of the simulation represents graphically which is plotted normal 

current vs time, boost current vs time and boost voltage vs time the variation of voltage in load shows in 3sec. 

 

V. Conclusion 
In conclusion, the hierarchical control framework proposed for the coordinated operation of super 

capacitors and micro sources in islanded DC microgrids represents a significant advancement in the field of micro 

grid control and management. Through the hierarchical architecture, which encompasses global supervisory 

control and lower- level local control loops, the proposed system optimizes energy management, enhances system 

stability, In and ensures efficient operation under varying conditions. By dynamically coordinating the interaction 

between super capacitors, micro sources, and other components such as batteries, voltage regulators, and buck-
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boost converters, the hierarchical control system maximizes energy efficiency, minimizes losses, and improves 

grid resilience. 

The integration of super capacitors into the micro grid provides rapid response capabilities to mitigate 

transient power imbalances and enhance grid stability, while the inclusion of diverse microsources ensures 

flexibility and reliability in energy generation. Through simulation studies and experimental validation, the 

effectiveness and robustness of the proposed hierarchical control system have been demonstrated, highlighting its 

potential for practical implementation in real-world micro grid applications. 
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