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Abstract: 

Under rapidly changing environmental conditions conventional MPPT techniques are required to operate fast, a large power loss can 

be caused by slow tracking speed, output power fluctuation, or additionally required ad hoc parameters. To achieve a fast and efficient  

MPPT technique that minimizes the power loss with the adaptively binary -weighted step (ABWS) fo llowed by the monotonically 

decreased step (MDS) without causing output power fluctuation or requiring additional ad  hoc parameter is the objective of this work.  

The simulation results are presented, shows that the ABWS and MDS  MPPT technique is superior to the conventional perturb and 

observe (P&O) technique, which reduces the tracking time and the overall power loss. 
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I.INTRODUCTION 

 

Solar energy is abundant and renewable in nature and can  be 

consider as a future energy source. The need for renewable 

energy sources is on the rise because of the severe energy crisis 

in the world today. The major obstacle for the penetration and 

reach of solar photo-voltaic (PV) systems is their low efficiency 

and high capital cost. The output voltage of the solar PV panel is 

highly dependent on solar radiat ion and panel temperature. The 

power-voltage and current-voltage relationship of PV system are 

non-linear in nature. Switched mode DC-DC power converter is 

the major component in PV system responsible for ensuring 

maximum power generation. The maximum power point 

tracking (MPPT) system controls the voltage and the current 

output of the PV system to deliver maximum power. Perturb and 

observe (P & O) technique, incremental conductance technique, 

fractional short circuit  current technique, fractional open circu it 

voltage technique, ripple correlation control technique, parasitic 

capacitance technique, intelligent technique and current or 

voltage feedback technique are few of many availab le maximum 

power point tracking (MPPT) methods. A comprehensive review 

and analysis of around twenty four maximum power point 

tracking (MPPT) techniques for photovoltaic system available 

until January 2012 can be found in [1]. Out of most widely used 

maximum power point tracking (MPPT) techniques, s ome of 

them are more popular due to their simplicity, such as the 

fractional open-circuit voltage technique (Vfrac), fractional short-

circuit current, etc. [2], [3]. However, these techniques suffer 

from more power loss. Some of the techniques are generalized as 

they do not depend on the characteristic parameters of the PV 

module, such as perturb and observe (P&O), incremental 

conductance, etc. The P&O technique experiences divergence in 

tracking due to a change in atmospheric conditions and loss of 

power at steady state on account of oscillat ions around the MPP 

[4]–[6]. In the incremental conductance technique, the 

oscillations can be avoided theoretically as dP/dV = 0 at MPP. 

However, in practice, this condition seldom occurs due to the 

resolution and uncertainty in the digital acquiring systems [5]–

[8]. Also, the selection of the size of perturbation is crucial in 

both of the aforementioned techniques as to compromise 

between the power loss due to oscillations at steady state and the 

dynamic response [5], [6], [9]–[11]. Moreover, there are 

techniques which depend on the characteristic parameters of the 

PV module, and they have to be evaluated offline before 

implementation, offering good performance [1]. Furthermore, 

there exists a technique called distributed MPPT technique 

which allows optimized power ext raction under mis matched 

conditions, claiming good performance [12]. Another MPPT 

technique for fast tracking based on the binary-weighted step 

(BWS) is the successive approximation register (SAR) MPPT in 

[14]. However, the periodic operation between its active and 

power-down modes inherently makes the output fluctuate even 

in the absence of a change in  environmental condit ions. 

Moreover, the MSB operation runs first in the SAR MPPT, 

which increasingly aggravates the overall power loss. This paper 

presents an MPPT algorithm based on the adaptively binary-

weighted step (ABWS) and the monotonically decreased step 

(MDS). This MPPT technique detects the MPP quickly  without 

fluctuation or an additional ad hoc parameter by using LSB first 

operation, which allows for superior performance compared to 

others in the tracking and the power loss not only under the 

steady state (normal operation) but also under the dynamic state 

(tracking operation). The simulation results are presented. 

 

II. BLOCK DIAGRAM of PHOTOVOLTAIC S YSTEM 

 

The block diagram of MPPT system consists of the solar panel, 

DC-DC boost converter, load and MPPT controller. The voltage 

output of solar panel is fed to DC-DC boost converter after 

which a direct load or battery is connected. The voltage or 

current from panel are given to  the MPPT controller as input 

then the MPPT algorithm processes these inputs. The MPPT 
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controller is microcontroller or any other embedded platform on 

which a tracking algorithm is implemented. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure.1. Block diagram of photovoltaic system 

 

Based on the type of algorithm either voltage or current of solar 

panel or both are sensed. In PO both voltage and current are 

sensed. DC-DC boost converter act as the variable impedance 

between the solar panel and load. When the duty cycle of 

converter is changed the voltage and current of panel changes. 

The duty cycle of converter is changed as per the MPPT 

algorithm technique to achieve the MPP of solar panel. Hence 

the MPPT together with photovoltaic system is a feedback 

control system where duty cycle of the DC-DC converter is 

changed to track MPP as per the climate conditions. Fig.1 shows 

the block diagram of photovoltaic system. 

 

III. MATHEMATICAL MODEL OF THE PV PANEL 

 

The circuit  model of a PV module containing Ns number of 

series-connected cells consists of an ideal current source Ip, a 

diode, a series resistance Rse, and a shunt resistance Rsh, whose 

interconnections are shown in Fig. 2. The IV behavior of such 

model can be represented by a characteristic equation as given in 

the following: 

where Ios is the reverse saturation current, VTis the volt 

equivalent temperature, n is the ideality factor of the PV cell, 

and V and I are the PV module output voltage and current, 

respectively. 

 

 
Figure.2. Equivalent circuit model of a PV module having 

 NS cells in series. 

 

By taking the first-order derivative of (1) with respect to the PV 

voltage, we can obtain a relat ion, given in (2), which shows the 

rate of change of the PV current in association with the PV 

voltage. 
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The power generated by a PV module depends onthe current and 

voltage relationship. Especially  under rapid environmental  

changing conditions, IPh depends strongly on their radiance 

changes and partial shading conditions , which resultsin a change 

in power as shown in Fig. 3shows thedecrease in the voltage at 

the MPP (VMPP) and the open-circuitvoltage (VOC) of a PV 

module as the irradiance is reduced.The values of the irradiance 

are obtained from the method toextract the Califo rnia Energy 

Commission (CEC) weighted efficiency. In Fig. 3 IV 

characteristic of PV module under various irradiance conditions 

is shown. 

 

IV. IMPLEMENTATION of ABWS and MDS  MPPT 

ALGORITHM 

 

As discussed earlier, the MPP of a PV module varies according 

to the environmental conditions. In order to reduce the power 

loss under rapidly changing environment conditions, this 

algorithm aims  at tracking the MPP as quickly  as possible. After 

tracking  the MPP is completed, VMPP remains unchanged as 

long as the environmental conditions are stable. The proposed 

MPPT algorithms are based on the ABWS and the MDS, which 

tracks the MPP quickly without the aforementioned problems 

caused by the P&O and the SAR MPPT. Similar to the BWS, the 

ABWS tracks the MPP by increasing the voltage tracking step in 

a binary manner but starts from the LSB with the minimum 

voltage tracking step Δ in Fig. 4. After a certain number of 

iterations, the operating voltage passes VMPP. Then, the ABWS 

stops and the MDS deploy to find the exact MPP.  

 

 
(a)            (b) 

  

Figure.3. Power versus Voltage (a) and Current versus 

Voltage (b) characteristics of a PV module under various 

irradiance conditions. 

 

Unlike the fixed number of iterations in the SAR MPPT using 

the BWS, the number of iterations for tracking the MPP in the 

proposed MPPT algorithm is adaptively adjusted depending on 
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the environmental condition change. The ABWS passes an 

internal parameter to the MDS. From the next iteration right 

after the ABWS, the voltage step is then monotonically reduced 

until the MPP is found. If the variat ion of the VMPP drops 

below 1 LSB resolution, VMPP remains unchanged and the 

MDS operation is terminated. The proposed MPPT algorithm 

enhances the tracking speed with less power loss for its fast 

tracking without output power fluctuation under the stable 

environmental condition. Additionally, the THD issue in SAR 

MPPT can be resolved by using the proposed MPPT since the 

ABWS starts only when the environmental condition changes. 

The flowchart of the ABWS and MDS algorithm is depicted in 

Fig. 4. At the nth iteration, the current “In” and the voltage “Vn” 

of a PV module are sensed to calculate the output power “Pn” of 

the PV module. The variable “Status” is set to either “Tracking” 

or the “Steady-state” and indicates if the proposed algorithm 

tracks or maintains VMPP. The initial value for “Status” is set to 

“Tracking.” The variable “Passing MPP” is set to “Y” after a 

certain number of the ABWS iterations, which terminates the 

ABWS operation and  activates the MDS operation sequentially 

after the MPP is passed. The variables “m” and “D” represent 

the exponent for the voltage step increment and the direction of 

VMPP, respectively. The variable “Whichway” is used for 

checking the correct direction of VMPP in each iteration, the 

initial values of variab les are “PMax” = 0, “Pn−1” = 0, “Vn−1” = 0, 

“m” = 0, and “D = 1”.  

 
 

Figure. 4.Flowchart for ABWS and MDS Algorithm. 

 

V.S IMULATION RES ULTS  

 

The specificat ion of a PV moduleJSM100-36-01 that consists of 

36 cells in series, used for simulationare VMPP=17.64 V and 

IMPP=5.70 A, under standard testing conditions (1000 W/m2 

and 25 °C). Fig. 5 shows the MATLAB Simulink model of 

MPPT for a PV module . As it is difficult to control the 

irradiance rapidly for outdoor testing, it is done in simulat ion by 

using Signal Builder, the experiment evaluates the tracking time 

for the initial setup and the 20% irrad iance dropusing timer 

block in MATLAB. Fig. 6and Fig. 7 shows the operating voltage 

and powerof the PV module in  the time domainwhile changing 

the irradiance from 1000 to  800 W/m2 for PO and ABWS and 

MDS MPPT respectively. The voltage across load for both 

MPPT techniques is shown in Fig. 8. The MPP tracking of the 

PO MPPT takes more iterat ion for the initial setupcompared 

with the tracking time of the ABWS and MDS MPPT, 

resultingin more power loss due to low tracking speed and 

fluctuationaround MPP.  

 

 
Figure. 5. MATLAB Simulink model of MPPT for a PV 

module 

 

 
 

Figure. 6. Simulation results of P and O MPPT for a PV 

module 
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Figure. 7. Simulation results of ABWS and MDS  MPPT for 

a PV module 

 

 
 

Figure. 8. Simulation result of Boost Voltage Vdc for PO 

MPPT and ABWS and MDS MPPT 

 

VI.CONCLUS ION 

 

This paper presented an MPPT technique for aPV system, in 

order to track the MPP quickly without fluctuation.The ABWS 

and theMDS MPPT techniques  minimize the power loss under 

rapidly changing environmentalconditions without an additional 

ad hoc parameter. Even thoughthe proposed MPPT system is 

implemented by using a boostconverter, it  can also be applied to 

any type of DC-DC converter.The theoretical analysis and the 

simulation results validate and the proposed MPPT is superior to 

P and O in regard to the tracking time and the overall power loss 

not only under normal conditions but alsounder rapidly changing 

environmental conditions. 
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