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Abstract

:

In this paper, we present a new maximum power point tracking (MPPT) algorithm that can identify whether a boost converter is operating in continuous conduction mode (CCM) or discontinuous conduction mode (DCM). The conventional MPPT algorithm assumes that the converter is always in CCM mode, even though this is not always the case. The converter can enter DCM mode due to factors such as the inductor size, irradiance and temperature conditions, voltage step size of the algorithm, and operating point of the PV array. In the proposed work, the conduction mode of a boost converter is evaluated under different conditions. The region of the I–V curve where the converter is likely to operate in DCM mode is identified and a mathematical expression developed in this work is then used to detect the conduction mode of the converter. The proposed algorithm incorporates this expression into a modified perturb and observe (  P & O  ) algorithm. In each iteration, the algorithm first detects the conduction mode of the converter. If the converter is in DCM mode, the algorithm takes a large voltage step to force the converter back into CCM mode, i.e., into the constant current region. The proposed MPPT algorithm was tested using simulation experiments, and the results show that the proposed algorithm can significantly improve the efficiency of the MPPT process.
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1. Introduction


Photovoltaic (PV) systems are utilized in a wide range of applications, ranging from powering up calculator circuitry to the grid-connected systems with several MW of output power. The output of PV systems is dependent on weather conditions; thus, it is imperative to operate the photovoltaic system at the optimal energy point to avoid increasing the payback time.



Current PV systems are of two major types, i.e., grid-connected and standalone [1,2,3,4,5,6,7]. Most current PV systems are grid-connected system that use the concept of energy trading. Energy trading is based on a net metering scenario wherein the user sells excess electricity to the utility [8].



The generalized idea of a grid-connected PV system is depicted in Figure 1 [9]. Depending on the power electronics topology, it may be a single stage or a multiple power processing solution. Figure 1 shows a two-stage grid-connected PV system in which a PV array is connected to a dc–dc converter which tracks the MPP. The output of the dc–dc converter is then connected to an inverter which produces AC output with the desired voltage and frequency [10]. Various PV architectures exists to realize a grid-connected inverter. These include single-stage, dual-stage and multi-stage power processing [11,12]. Systems can be attached in a microgrid to fulfill neighborhood capacity. For larger systems, the use of string inverters and a central inverter is preferred [13,14].



Standalone PV systems, on the other hand, work without needing to be connected to a grid, and are capable of supplying electricity in the absence of a grid using excess energy stored in a battery [15,16]. This implies that the requirement of energy storage is imperative for such PV solutions. The most widely recognized setup for a standalone PV system involves a PV array, charge regulator, predetermined load, and battery storage [9], as shown schematically in Figure 2. The load should be part of the PV system’s design in order to ensure that the required capacity can be met under all climatic conditions. When the load profile is variable, a hybrid framework can be utilized.



Along with the numerous benefits of PV systems, there are associated drawbacks, such as the initial high capital cost of PV plants, the low conversion efficiency of PV cells, and the unique MPP point on the I–V curve, which varies with weather condition. In light of these constraints, MPP algorithms are commonly installed in PV system in order to extract maximum power from the PV modules and deliver it to the load. Because MPP algorithms work through power electronic converters, the efficient operation of the power converter in terms of the conduction mode, i.e., continuous conduction mode (CCM), must be ensured as well.



Numerous MPPT algorithms have been proposed in the past [17]. The nature of these algorithms involves the following mechanisms: simple   P & O  , hybrid algorithms, parametric estimation-based MPP methods, artificial intelligence schemes, meta-heuristic algorithms, and bio-inspired methods. A variable step size-based   P & O   method was presented in [18,19] for MPP tracking. These algorithms though achieve better performance than   P & O  ; however, they do not sense the conduction mode of converter, and always assume the dc–dc converter is in CCM. In [20], a fractional short-circuit scheme was used with a   P & O   algorithm. Under various weather conditions, the algorithm [20] achieved better dynamic and steady-state efficiencies compared to   P & O  . The major downside of this algorithm is the need to install an extra switch in dc–dc converter, which increases its hardware complexity.



Using the Lyapunov control scheme, in [21] the authors estimated a PV system’s parameters using an MPP algorithm. Their proposed scheme delivers good results; however, the implementation of the extensive mathematical expressions involved in the parametric estimations is not straightforward, and a high-tech embedded system is required for the installation of such a scheme. To improve the performance of fractional open-circuit voltage (FOCV) MPPT, a genetic algorithm (GA) was utilized in [22]. This algorithm, although able to increases the performance of FOCV, concurrently increases the computation burden of the system due to the GA. An ANN-based MPPT method using ripple correlation current (RCC) was presented in [23]. Again, this method requires a large amount of computational power for its practical realization. A metaheuristic-based robust unified control MPPT algorithm was presented in [24]. The high performance of this algorithm relies on a highly complex algorithmic mechanism, however, resulting in increased computation burden. Note that all the aforementioned MPP algorithms work with a converter, and do not employ any mechanism to detect whether the converter is in continuous conduction mode (CCM) or discontinuous condition mode (DCM).



When a dc–dc boost converter is installed in a PV system, the design of the converter’s components, operating points on the I–V curve, MPPT algorithm, and control aspects are set up in accordance with the continuous conduction mode of the converter. In this regard, the novelty of the present research work is as follows:




	
We present an extensive investigation of a converter in DCM under conditions of varied weather and design of the components, which has not been previously well studied in the literature. The findings of this investigation indicate that there are several conditions during which converter enters DCM mode because of nonlinear characteristics of the PV source.



	
This paper proposes a new   P & O   method, in which a unique feature is introduced to restrict the converter’s movement into DCM. Mode identification of CCM and DCM is executed through a unique formula, and no new sensors are required to execute this process.



	
Compared to previous   P & O   algorithms, the proposed method results in the converter not becoming caught in DCM mode, and as such is better able to utilize PV-generated power.









2. Related Work


A dc–dc converter works in continuous conduction mode (CCM) for most applications, although occasionally it may operate in discontinuous conduction mode (DCM) [25,26,27]. The operation of a dc–dc converter in DCM is primarily due to low loading conditions; however, in a PV system environmental conditions may force the system to shift into DCM. Moreover, PV systems are designed to operate in MPPT mode using a dc–dc converter, sometimes called as regulator. Based on an algorithm, the regulator accepts inputs such as photovoltaic voltage (  V  p v   ) and current (  I  p v   ) and sets the desired duty cycle (D) to ensure that the PV array delivers the maximum power. The underlying principle of MPPT is the implementation of maximum power transfer theorem, wherein the dc–dc converter matches the source and load impedance to maximize the power transfer.



The impact of the operating mode of a dc–dc converter on system performance has always been an area of interest for researchers [28]. In this regard, our literature review revealed that the transition from CCM to DCM for a PV-fed pumping station was studied in [29]. Similarly, the transition of a buck-boost dc–dc converter between CCM and DCM was expounded in [30]. The authors in [31] argued that the system can be made to work smoothly in a mixed conduction mode with a fuzzy controller and a fixed switching frequency. Other researchers have included the converter operation in the modeling phase of the converter [32]. However, all of the presented works have only discussed CCM and DCM in terms of the load. In this paper, we suggest the theory explaining the impact of irradiance on the dc–dc converter has not been fully developed, and that the converter may operate in DCM mode even if the load is kept constant. Therefore, we propose a solution wherein the impact of irradiance on the dc–dc converter is first evaluated, then added to the maximum power point tracking algorithm.




3. Analysis of Boost Converter


A DC–DC boost converter, as shown in Figure 3, works in two modes based on the characteristics of the inductor current. When the switch ‘S’ is turned ON, the inductor current builds up, indicating that the energy is stored in the inductor ‘L’. When switch ‘S’ is tuned OFF, the inductor becomes connected to the load. Because the inductor behaves as a current source, it preserves its voltage polarity in this mode to maintain the current in the same direction. During this process, the inductor current drops, indicating that energy is transferred to the load. During CCM mode, the inductor current never falls to zero, and volt-second balance is maintained during both ON time ‘  T  o n   ’ and OFF time ‘  T  o f f   ’ of the converter. As is well known, the critical or minimum value of an inductor for staying in CCM mode can be designed based on Equation (1):


      L  m i n   =     ( 1 − D )  2  × D × R   2  f s        



(1)







Here,   L  m i n    is used as a base value of inductance, R represents the load resistance, and   f s   is the switching frequency. Similarly, the minimum capacitor value   C  m i n    is expressed by Equation (2):


      C  m i n   =  D  R ×  V  r f   ×  f s        



(2)




where   V  r f    is the ripple voltage, which is evaluated using Equation (3):


      V  r f   =   Δ  V o    V o   .     



(3)








4. Design of Boost Converter for a PV Array


The inductor value can be determined by Equation (4):


  L =    V  m p p   ×  T  o n      X %  ×  I  m p p     =    V  m p p   × D    (  X %  ×  I  m p p   )  ×  f s     



(4)




where   V  m p p    is the voltage corresponding to the MPP,   I  m p p    is the maximum power point current, X% is the percentage ripple component of   I  m p p   , and   T  O N    is equivalent to DT (or   D / (  f s  )  ). Here, the duty cycle ‘D’ is determined through Equation (5). Note that higher inductor values cause stable output current due to the reduced ripple component.


  D = 1 − (   V o   V  m p p    )  



(5)







The output capacitor value can be determined from Equation (6), where   Δ  V o    is the output voltage ripple.


  C =    I o  × D    f s  × Δ  V o     



(6)








5. Boost Converter CCM/DCM Mode Analysis with Variations in L and Weather Conditions


The design and operation of the inductor ‘L’ and its effect on different portions of the I–V curve through D plays an integral part in the conduction modes of a boost converter. Moreover, the operation of a dc-dc converter in CCM or DCM is impacted by irradiance and temperature variations due to the change in the I–V characteristics of the PV array [33].



To analyze the impact on the operational mode of the boost converter, a PV system can be analyzed for different inductor ‘L’ values versus variations in weather conditions and different operating points of the I–V curve. In this study, the first inductor value is estimated through Equation (4) and installed in the boost converter. Then, irradiance and temperature conditions are configured at certain values. Under these specific weather conditions, the PV array settings for different operating points on the I–V curve are established, i.e., from the short-circuit current ‘  I  s c   ’ point to the open-circuit voltage ‘  V  o c   ’ point, using variations in D (0 to 1). At each operating point, the operation of the boost converter in CCM mode or DCM mode is identified. Finally, the operating points when the PV array is under the influence of DCM mode are marked on the I–V curve of the PV array. Note that this loop is repeated for different values of the inductor ‘L’, where for every inductor value the irradiance is varied from 1000   W  m 2    to 100   W  m 2    at 0 °C, 25 °C, and 50 °C temperature values and operation in CCM or DCM is evaluated against each operating point on the I–V curve. The details of the PV array and simulation setup are explained in the upcoming section.



In this context, Figure 4 represents the system behavior at 1000   W  m 2    to 100   W  m 2    when temperature is fixed at 25 °C, where the inductor is designed through Equation (4) at a ripple current of 40% of   I  m p p    in Figure 4a, 20% of   I  m p p    in Figure 4b, and 10% of   I  m p p    in Figure 4c. The marks on the I–V curves in each of these figures indicate the converter’s operation in DCM mode. The same simulation experiment was repeated excluding the temperature variaton, which was set at 0 °C; the resulting I–V curves are displayed in Figure 5. Likewise, Figure 6 shows the I–V curves when the temperature was set at 50 °C.



Through these studies and subsequent graphical analysis, the following findings were established and used as the basis for developing the MPP algorithm:




	
At high irradiance values, if the converter is operating in the constant current region or MPP zone, the converter stays in CCM. However, if it moves towards the Voc region, the converter enters DCM.



	
At low irradiance values, i.e., from 250   W  m 2    and below, the converter may operate in DCM mode even in the MPP region due to the low source current from the PV array.



	
In general, the P&O algorithm starts the first run from the   V  o c    region, i.e., in DCM mode. This means that if the algorithm is operating with a low voltage step it may become confused in this region, resulting in low convergence speed and poor dynamic efficiency.



	
Because the P&O algorithm continues to searching the MPP under varying weather conditions, it may enter the DCM region frequently, potentially disrupting MPP tracking if it becomes caught in this region for several iterations.








Note that on the graphs shown in Figure 4, Figure 5 and Figure 6, the marked points are the operating points when the boost converter is in DCM.




6. Design of the Proposed MPPT Technique


Keeping in view the findings established in the previous section, the design of the algorithm is described in this section.



6.1. Identification Mechanism of CCM/DCM


When the boost converter operates in CCM mode, the volt-second product of the inductor current during   T  o n    and   T  o f f    is the same, leading to the voltage relation presented in Equation (7):


   V o  =   V  p v    1 − D   .  



(7)







This relation is rearranged in Equation (8), where   V  p v    represents the input voltage when the PV array is connected to the input of boost converter:


   V  p v   =  V o  ×  ( 1 − D )  .  



(8)







When the converter enters DCM, the voltage transfer relation presented in (7) becomes invalid. The converter now starts working with the different voltage relation of DCM, as expressed in Equation (9):


   V o  =  V  p v   ×    k ×  R L  ×  t  o n     2 L     



(9)




where k is the dead-time period during which the inductor current becomes zero and   R L   is the load resistance.



Note that the MPP embedded system contains the ‘D’ value, while the   V  p v    and   V o   values are taken from sensors. During every iteration, the proposed algorithm first estimates   V  p v ( C A L )    using Equation (10):


   V  p v ( C A L )   =  V o  ×  ( 1 − D )   



(10)




where the D and   V o   values are taken from the memory of the embedded system. Thereafter, this value is compares with the   V  p v    value measured by the sensor. If the   V  p v    and   V  p v ( C A L )    values match (with a degree of tolerance  η  to account for sensor sensitivity), this means that algorithm is in CCM, as it is working with the CCM relation. When   V  p v    does not match the   V  p v ( C A L )   , this implies that algorithm is in DCM. As a corrective measure, the algorithm then triggers a sizeable negative voltage step such that PV array moves towards the MPP or current region and the converter starts operating in CCM again.




6.2. Functioning of Proposed MPPT


The flowchart of the proposed algorithm is shown Figure 7. The inputs to the algorithm are   I  p v    and   V  p v   , based on which the instantaneous photovoltaic power   P  p v    is calculated. Following the conventional   P & O   algorithm, the proposed algorithm then compares the stored photovoltaic power with the instantaneous PV power. Then, the proposed algorithm decides the positive or negative direction of a new voltage step in the same way as   P & O   and sets the value of D. Before moving to a new iteration, the proposed algorithm estimates the   V  p v ( C A L )    value and measures the   V  p v    value to identify whether the converter is in CCM or DCM, as explained in previous section. If the calculated   V  p v ( C A L )    and measured   V  p v    values are less than a limit ‘ ϵ ’, then the converter is considered to be operating in CCM and the conventional   P & O   is maintained. If it is not within this limit, the system is considered to be operating in discontinuous mode. When DCM operation is detected, the duty cycle is changed by adding an arbitrary value to ensure that it returns to continuous mode operation. In this work, this arbitrary value is set at 0.25 and, the positive step in D leads to a negative step in   V  p v   .





7. Simulation Experiments and Comparative Study


7.1. PV Module in PSIM


Simulations of proposed technique were carried out in PSIM software, which is considered one of the best platforms to test PV systems with power electronic interfacing architectures. Figure 8 shows the specifications of the PV module utilized in the simulation environment of the proposed architecture. The P–V curve of the module is traced from 0 V to open-circuit voltage in STC condition, the characteristics of which are displayed in Figure 9.




7.2. Case 1


Figure 10 presents the graph when the PV array is operating in CCM mode and STC condition. It can be seen that the inductor current does not reach the zero value. More importantly, the signal value of the calculated   V  p v ( C A L )    matches the measured   V  p v    value. Note that the duty cycle is fixed at a certain value and that the   P & O   algorithm is not initiated to validate the proposed working model for identifying CCM and DCM operation.



Next, the duty cycle was set at the value where the PV system starts operating in DCM mode, the waveforms of which are shown in Figure 11. It can be seen that the inductor current becomes discontinuous as it reaches 0 A. Operation in DCM can be detected based on the difference in values between the calculated   V  p v ( C A L )    and measured   V  p v   . These results confirm that the identification of CCM and DCM using the proposed method is accurate.



Next, to validate the MPP operation and convergence speed of the proposed algorithm and conventional   P & O   algorithm, both systems were initially set to the open-circuit voltage of the PV module. Figure 12 shows the performance of the conventional   P & O   algorithm; it can be seen that it requires several voltage steps to reach the MPP point. This is because the conventional   P & O   becomes caught in the DCM of the converter. On the contrary, the effective operation of proposed method can be confirmed from Figure 13, where it can be seen that proposed methods needs only few steps to identify DCM operation. Thereafter, it reaches the MPP in fewer steps compared to the conventional   P & O   algorithm. This simulation experiment indicates the high convergence speed and high efficiency of the proposed method.



The time requirements of the proposed algorithm and conventional   P & O   algorithm in CCM and DCM are provided in Table 1.




7.3. Case 2


In another experiment, both algorithms were allowed to reach the MPP point. In this manner, both converters operated in CCM mode during the starting phase, as shown in Figure 14 and Figure 15. Next, the irradiance conditions were varied at 0.1 ms and the operation of both converters was observed in terms of the MPP tracking of the PV system. The irradiance condition was reset to 1000   W  m 2    at 2 ms.



Figure 14 indicates that during the experiment with variations in irradiance, for the PV system with the conventional   P & O   algorithm the converter enters discontinuous mode at 0.1 ms and returns to CCM mode at 0.265 ms, which was when the irradiance returned to 1000   W  m 2    at 0.2 ms. This clearly depicts that the conventional   P & O   algorithm requires several iterations and a considerable time to return to MPP after entering DCM, compromising the convergence speed and dynamic efficiency of the system. In contrast, the performance of the PV system with the proposed method under the same test is displayed in Figure 15. Similarly, the proposed algorithm enters DCM due to variations in weather conditions after 0.1 ms; however, it does not diverge from the MPP point by a large margin compared to the conventional   P & O  . Moreover, it attains the MPP point after only 0.22 ms when the irradiance returns back to 1000   W  m 2    at 0.2 ms. In summary, the proposed method outscores and outperforms the conventional   P & O   algorithm in terms of both convergence speed and the dynamic efficiency of the PV system.



Table 2 shows the time requirements from the simulation results for the conventional and proposed   P & O   algorithms operating in continuous and discontinuous modes.





8. Discussion: Qualitative Comparison between MPPTs


A qualitative analysis between multiple MPPTs is presented in Table 3. It is evident that, apart from the proposed MPPT, no other algorithm is capable of detecting the operating mode of the converter, while the proposed algorithm retains all the advantages of   P & O  .




9. Conclusions


The MPP operation of a PV system is inevitable because of the high capital cost and low energy conversion efficiency of PV modules. In this paper, the   P & O   algorithm has been studied with special reference to the converter’s operation in DCM mode. The study of DCM operation of converters and its relationship with MPPT performance are very uncommon in the literature. In an attempt to bridge this gap, the present paper provides a detailed analysis of the problems posed by DCM operation. Further to this, it discusses a remedial measure in the form of a modified   P & O   algorithm. In this work, we suspected that DCM operation of a dc–dc converter might be a fairly frequent phenomenon, as the conduction mode of a PV-fed converter depends on factors such as inductor size, weather conditions, and the operating point on the I–V curve. Therefore, the proposed algorithm incorporates an identification mechanism to detect the conduction mode of a dc–dc converter. The proposed algorithm follows the conventional   P & O   algorithm if the converter is detected as operating in CCM. When the converter is found to be operating in DCM, the proposed algorithm suggests a higher value of the duty ratio that will return it to CCM operation. Through experiments, we determined that the convergence speed and dynamic efficiency of a PV system using the proposed MPPT approach is significantly improved compared to the conventional   P & O   algorithm.
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Abbreviations


The following abbreviations are used in this manuscript:



	 ϵ 
	Limit used in the algorithm



	k
	Dead time period during which the inductor current becomes zero



	CCM
	Continuous Conduction Mode



	  Δ D  
	Step size of the duty ratio D



	D
	Duty ratio



	DCM
	Discontinuous Conduction Mode



	  f s  
	Switching frequency



	  I  m p p t   
	PV current corresponding to the maximum power point



	  I  p v   
	Instantaneous photovoltaic current



	  I  s c   
	Short-circuit current of the PV module



	I–V
	Current vs. voltage characteristics



	L
	Inductor used in the dc–dc converter



	  L  m i n   
	Minimum inductance to ensure CCM mode



	MPP
	Maximum Power Point



	MPPT
	Maximum Power Point Tracking



	  P & O  
	Perturb and Observe MPPT algorithm



	P-V
	Power vs. voltage characteristics



	PV
	Photovoltaic



	  R L  
	Load resistance



	  Δ  V o   
	Output voltage ripple



	  V  i n d   
	Inductor voltage



	  V o  
	Output voltage



	  V  o c   
	Open-circuit voltage of PV module



	  V  p v ( C A L )   
	Estimated value of   V  p v   



	  V  p v   
	Instantaneous photovoltaic voltage



	STC
	Standard testing condition (1000   W  m 2   , 25 °C)



	  T  o n   
	ON time of the mosfet used in the dc-dc converter
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Figure 1. A generic PV system for AC load or grid connection. 
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Figure 2. A generic standalone PV system. 
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Figure 3. Circuit of a dc–dc boost converter. 
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Figure 4. I–V curves at different irradiance conditions at 25 °C with inductor designed at (a) 40% of   I  m p p   , (b) 20% of   I  m p p   , and (c) 10% of   I  m p p   . 






Figure 4. I–V curves at different irradiance conditions at 25 °C with inductor designed at (a) 40% of   I  m p p   , (b) 20% of   I  m p p   , and (c) 10% of   I  m p p   .



[image: Applsci 13 08033 g004]







[image: Applsci 13 08033 g005 550] 





Figure 5. I–V curves at different irradiance conditions at 0 °C with inductor designed at (a) 40% of   I  m p p   , (b) 20% of   I  m p p   , and (c) 10% of   I  m p p   . 
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Figure 6. I–V curves at different irradiance conditions at 50 °C with inductor designed at (a) 40% of   I  m p p   , (b) 20% of   I  m p p   , and (c) 10% of   I  m p p   . 
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Figure 7. Flow Chart of the proposed MPPT technique. 
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Figure 8. Specifications of the PV Module. 
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Figure 9. P–V Curves for PV Module. 
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Figure 10. Waveforms in Continuous Conduction Mode: (a) instantaneous photovoltaic voltage, (b) voltage across the inductor, and (c) current passing through the inductor. 
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Figure 11. Waveforms in Discontinuous Conduction Mode: (a) instantaneous photovoltaic voltage, (b) voltage across the inductor, and (c) duty cycle. 
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Figure 12. Usual operation of the   P & O   algorithm: (a) instantaneous photovoltaic voltage, (b) voltage across the inductor, and (c) duty cycle. 
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Figure 13. Exceptional operation of the proposed modified   P & O   algorithm: (a) instantaneous photovoltaic voltage, (b) voltage across the inductor, and (c) duty cycle. 
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Figure 14. Usual Operation of   P & O   algorithm under varying irradiance: (a) instantaneous photovoltaic voltage, (b) voltage across the inductor, and (c) duty cycle. 
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Figure 15. Exceptional operation of the proposed modified   P & O   algorithm under varying irradiance: (a) instantaneous photovoltaic voltage, (b) voltage across the inductor, and (c) duty cycle. 
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Table 1. Time comparison of proposed and conventional   P & O   algorithms.
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Algorithm

	
Mode of Operation

	
Time (ms)






	
Case-1

	
Conventional   P & O  

	
Discontinuous

	
0–0.08




	
Continuous

	
0.08–0.3




	
Proposed   P & O  

	
Discontinuous

	
0–0.04




	
Continuous

	
0.04–0.3
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Table 2. Time comparison of proposed and conventional   P & O   algorithms.
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Algorithm

	
Mode of Operation

	
Time (ms)






	
Case-2

	
Conventional   P & O  

	
Continuous

	
0–0.1 & 0.265–0.3




	
Discontinuous

	
0.1–0.265




	
Proposed   P & O  

	
Continuous

	
0–0.1 & 0.22–0.3




	
Discontinuous

	
0.1–0.22
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Table 3. Qualitative comparative analysis between MPPT methods.
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	Parameters
	Proposed
	MPPT [20]
	MPPT [22]
	MPPT [24]
	MPPT [18]





	CCM/DCM Mode Identification
	Yes
	No
	No
	No
	No



	Overall Convergence Speed Coupled with DCM
	High
	High
	Medium
	Medium
	Medium



	Algorithmic Complexity
	Low
	Medium
	High
	High
	Low



	Extra Sensor Requirements
	No
	Yes
	No
	No
	No



	Extra Hardware Requirements
	No
	Yes
	No
	No
	No



	Computational Burden
	Low
	Medium
	High
	High
	Medium
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