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Abstract: Solar PVs, made up of a number of components, the fundamentals being the solar panels, solar inverters, mounting platforms and cabling infrastructure, collectively harness radiant light from the sun, convert it into electricity and transmit it into homes and businesses to power electrical devices. In last few years Solar PVs have evolved from level of small scale applications towards becoming a mainstream electricity source. And in order to attain higher efficiency of power output and that too at a low cost Maximum Power Point tracking technique was brought into use. Maximum power point tracking (MPPT) is a technique that charge controllers use for photovoltaic (PV) solar systems to maximize power output.   

This paper thus gives a brief idea of the various types of Maximum Power Point tracking methods along with the comparison of the same.
Index Terms - Maximum power point (MPP), maximum power point tracking (MPPT), photovoltaic (PV), comparative study, PV Converter.
I.  INTRODUCTION

The major applications of photovoltaic (PV) systems are: stand-alone (water pumping, domestic and street lighting, electric vehicles, military services and space applications) or grid-connected configurations (hybrid systems, power plants). Like the basic version including DC-AC inverter, or the second one including hybrid inverter, the third version is not connected at all to the grid. It rather employs a dedicated PV inverter that features the MPPT. Here, in this arrangement power flows directly to a battery bank. A variation on these configurations is that instead of only one single inverter, micro inverters are set up, one for each PV panel. This allegedly increases PV solar efficiency by up to 20%.

The methods which are used for MPPT can be compared according to the cost and efficiency they could attain at the same price.

The popular methods for tracking maximum power point are as mentioned:
1) Perturb and observe (hill climbing method)

2) Incremental Conductance method

3) Constant-Voltage method

4) Short-Current Pulse method

5) Neural networks

6) Fuzzy logic

Maximum power point trackers utilize different types of control circuit or logic to search for this point and thus to allow the converter circuit to extract the maximum power available from a cell.

The choice of the algorithm depends on the time complexity the algorithm takes to track the MPP, cost of implementation and the ease of implementation.

II. OPERATION OF MPP TRACKER

· The Power point tracker is a high frequency DC to DC converter.

·  It takes the DC input from the solar panels, change it to high frequency AC, and convert it back down to a different DC voltage and current that exactly matches the panels to the batteries.

·  MPPT's operate at very high audio frequencies, usually in the 20-80 kHz range. 

· The non-digital (or say, linear) MPPT's charge controls are much easier and cheaper to build and design than the digital ones. 

· They improve efficiency somewhat, but overall the efficiency can vary a lot - and later will lose their "tracking point" and actually get worse.

· That can happen occasionally if a cloud passed over the panel - the linear circuit searches for the next best point, but then gets too far.

Charge controllers for solar panels need a lot more smarts as light and temperature conditions vary continuously all day long, and battery voltage changes.

III. METHODS OF MPP TRACKING

A. Perturb & Observe (P&O) 
Perturb & Observe (P&O) is the simplest method.

 In Perturb and Observe method controller tries to find the maximum power point by changing the PV voltage or current and detecting the change in PV power output. This reduces the cost of implementation, time complexity of the algorithm and hence makes it quite easier to implement. But on reaching very close to the MPP it does not turn steady at the MPP and keeps on perturbing in both the directions. When this happens the algorithm has reached very close to the MPP and we can set an appropriate error limit or can use a wait function which ends up increasing the time complexity of the algorithm. The direction of the change is reversed when the PV power decreases. P and O can have issues at low irradiance that result in oscillation. There can also be issues when there are fast changes in the irradiance which can result in initially choosing the wrong direction of search. The designer has a choice of either changing the PV voltage or current. PV power by changing the PV voltage is less sensitive to changes in irradiance, so finding IMP will better locate the maximum power point particularly at lower insulation. Choosing the proper step size for the search is important. Too large will result in oscillation about the maximum power point and too small will result in slow response to changes in irradiance. To avoid this problem we can use Incremental Conductance method.

B.  Incremental Conductance

The Incremental Conductance (IC) algorithm is based on the observation that the following equation holds at the MPP: 
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Where, IPV and VPV are the PV array current and voltage, respectively. 

When the finest operating point in the P-V plane is to the right of the MPP, we have (dIPV/dVPV) + (IPV/VPV) <0, whereas when the finest operating point is to the left of the MPP, we have (dIPV/dVPV) + (IPV/VPV) >0. 

Thus the MPP can be tracked by the comparison of the instantaneous conductance IPV/VPV to the incremental conductance dIPV/dVPV. 

Hence, the sign of the quantity (dIPV/dVPV) + (IPV/VPV) indicates the correct path of perturbation that leads to the MPP. Once MPP is set, the operation of PV array is retained at this point and the perturbation brought to an end unless a change in dIPV is observed. In such conditions, the algorithm decrements or increments Vref to track the new MPP. The size of increment decides the speed of tracking MPP. 

Through the IC algorithm it is therefore theoretically possible to know when the MPP has been reached, and thus when the perturbation can be stopped. The IC method offers good performance under rapidly changing atmospheric conditions. 

C. Constant Voltage Method
The Constant Voltage (CV), an algorithm based MPPT method. In this method, the operating point of the PV array is set near the MPP by modifying the array voltage and matching the position of it to a fixed reference voltage Vref i.e. Vref=KVMPP. The Vref is then located equal to the VMPP of some another calculated finest voltage. In this method particular insulation and temperature changes on the array are assumed to be unimportant, and that the constant reference voltage is an estimated value of the true MPP. Hence, the operation is never accurately at the MPP and different data has to be gathered for different geographical areas
While the PV panel is in low insulation conditions, the CV technique is more effective than either the P&O method or the IC method. 
D. Short-Current Pulse Method
In this method of Maximum Power Point Tracking the MPP is searched by supplying the operating current Iop to a current-controlled power converter. The optimum operating current Iop for maximum output power is proportional to the short-circuit current ISC under various states of irradiance level mentioned as follows:
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Where, k is a proportional constant. Equation shows that Iop can be found instantaneously by detecting ISC. The relationship between Iop and ISC remains proportional, even though the temperature differs. 

Then this control algorithm needs values of the current ISC. To obtain this measurement, it is necessary to introduce a static switch in parallel with the PV array, in order to create the short-circuit condition. While the short-circuit VPV=0 accordingly no power is supplied by the PV system and no energy is generated. 
E. Fuzzy Logic Control
Fuzzy logic controllers could work with imprecise inputs, which do not require an accurate mathematical model, and handling nonlinearity.
F. Neural Network
Neural networks generally have three layers: input, hidden, and output layer. The number of nodes in each layer varies and is user-dependable. The input variables could be PV array factors like VOC and ISC, atmospheric data like irradiance and temperature, or the combination of both. The output is usually single or several reference signals like a duty cycle signal used to drive the power converter to further continue the operation at or near the MPP.

TABLE I

Characteristics of Different MPPT Techniques

	MPPT technique
	Convergence Speed
	Implementation Complexity
	Sensed Parameters
	

	PO method
	Varies
	Low
	Voltage
	

	IC method
	Varies
	Medium
	Voltage, Current
	

	Const-Volt
	Medium
	Low
	Voltage
	

	 Short-Current
	Medium
	Medium
	Current
	

	Neural ntwk
	Fast
	High
	Varies
	

	 Fuzzy logic
	Fast
	High
	Varies
	


G. Comparison
The MPPT technique when  employed with analogical circuit, SC,  CV are good options, otherwise with digital circuit that require the use of microcontroller, P&O, IC are enough easily to implement. Also analogical implementations are cheaper than digital since, the microcontroller and relative program are expensive. Shifting from one method to another for tracking maximum power point is based on the level of irradiance. At low levels of irradiance, methods like Open Circuit Voltage and Short Circuit Current may be more suitable as they can be more noise resistant. 

 MPPT technique may also involve use of sensors which ultimately affect the final costs. When the PV cells are arranged in a series, the iterative methods can be a better solution. When a portion of the string does not have the same angle of incidence, then finding algorithms becomes necessary. It is easier and more reliable to measure voltage than current but the current sensors are usually more expensive and bulky. The irradiance or temperature sensors are very expensive.

IV.CONCLUSION

The paper has given a brief idea about various popular Maximum Power Point Tracking techniques referred to their performance and implementation costs. A level of the six well-known methods of maximum power point tracking has been mentioned. Overall, it is better to be accurate than fast as fast methods tend to revolve around the maximum power point due to noise present in the power conversion system. An accurate and fast method would be preferred but the cost of implementation needs to be considered.
REFERENCES

[1] ADVANCED ALGORITHM FOR MPPT CONTROL OF PHOTOVOLTAIC SYSTEMS, C. Liu, B. Wuand R. Cheung

[2] Comparison of Photovoltaic array maximum power point tracking technique - Patrick L Chapman, Trishan Esram

[3] Design and simulation of Photovoltaic water pumping system - Akihiro Oi

[4]  D.Y. Lee, H.J. Noh, D.S. Hyun and I. Choy, An Improved MPPT Converter Using Current Compensation Method for Small Scaled PV-Applications. 
[5] "MPPTALGORITHMS".powerelectronics.com. Retrieved 2011-06-10.
[6] Power Electronics: Circuits, Devices and Operations (Book) - Muhammad H. Rashid







K. D. K. College of Engineering, Nagpur. 

26.02.2016


