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1. INTRODUCTION

Photovoltaic cells convert solar irradiation directly into electrical energy. They have beenwidely
utilized as energy harvesters in applications like autonomous systems, power plant systems and low power
systems such as wireless sensor networks (WSNs). But there are many challenges to harvest energy with PV
cells [1]. The main problem is that the PV cells suffer from a low efficiency of approximately 10—40%.
Furthermore, the maximum output power from a PV cell changes under changing atmospheric conditions [2].
So in order to maximize the efficiency of the PV energy harvester, a maximum power point tracking (MPPT)
technique, which enables the operating point of the PV cells to track the maximum power point, is introduced
in PV energy harvesters [3].
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Figure 1. Block diagram of PV energy harvester system
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The block diagram of the PV energy harvester is shown in Figure 1. It has got a PV cell, a dc—dc
converter, energy storage, and MPPT circuit. Taking into consideration the difference between the previous
and current operating points of the PV cell, the MPPT circuit selects its next operating point so as to
maximize output power of the PV cell. According to the duty control bits DMPPT from the MPPT circuit, the
dc—dc converter changes the operating point of the PV cell and it delivers the maximized energy from the PV
cell to the energy storage device. The MPPT circuit thus enables the PV energy harvester to deliver the
maximum energy under various atmospheric conditions.

PV energy harvester has got two sources of energy loss: the MPPT circuit and the de—dc converter.
So in order to increase the efficiency of the PV energy harvester, it is very necessary to reduce the energy
losses from the MPPT circuit and the dc—dc converter. In high-power applications such as solar power plant
systems, the MPPT circuit, consumes less than 2% of the generated energy from the PV cell [4]-[8].This
won’t be a big problem in large power application but in case of low-power applications such as wireless
sensor networks, because the range of the PV cell output is from a few hundred microwatts to a few
milliwatts, the energy loss in the MPPT circuit is very much responsible for a significantly larger portion of
the generated energy from the PV cell . Therefore, the minimization of energy consumption in the MPPT
circuit is the most significant challenge in low-power energy harvesting applications. So in order to solve this
problem a new algorithm called successive approximation register is introduced and a power down mode is
proposed. The proposed algorithm is an advanced version of hill climbing algorithm with a fast tracking time.

2. PROPOSED PV ENERGY HARVESTER

2.1. Solar Cell Modelling

PV Cell is modelled using MATLAB and the P-V and V-I characteristics are found out. It is
modelled according to the PV Cell equations and it could be seen from Figure 2. Figure 3 shows the P-V and
V-I characteristics of the PV Cell. The I-V (current-voltage) curve of a PV string (or module) describes its
energy conversion capability at the existing conditions of irradiance (light level) and temperature.
Conceptually, the curve represents the combinations of current and voltage at which the string could be
operated or ‘loaded’, if the irradiance and cell temperature could be held constant. The value of a measured I-
V curve is greatly increased when it can be compared with the curve predicted by a comprehensive PV
model. Models take into account the specifications of the PV modules, the number of modules in series and
strings in parallel, and the losses in system wiring [9].
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Figure 2. Simulink model of a PV Cell

Other data used by the models include the irradiance in the plane of the array, the module
temperature, and array orientation.
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Figure 3. Characteristics of PV Cell, (a) P-V characteristics (b) V-I characteristics

2.2. SAR MPPT Algorithm

Optimal value of TOFF for the power down mode selection is very important so as to reduce the
energy consumption by the MPPT circuit. But as the MPPT operation is turned off when the system is in the
power down mode, the operating point of the PV cell is different from the ideal MPP at the beginning of the
active mode. But in order to reduce waste of the energy delivered in the active mode, a short TON is needed.

Flow chart of the proposed SAR MPPT algorithm is shown in Figure 5, which will reduce TON.
This algorithm is an advanced version of hill climbing algorithm. The SAR MPPT determines the direction
of perturbation of DMPPT, which represents the operating point of the PV cell, using the binary search
method of successive approximation. If the value of DMPPT increases, the operating point moves in such a
direction that the output voltage of the PV cell is decreased. Assume that a 4-bit DMPPT is used in the MPPT
operation; it begins by comparing the output power of the PV cell [PPV(t — 1)] at DMPPT = 1000 and
PPV(t) at DMPPT = 1001. PPV(t) and PPV(t — 1) represent the PV output power of the current state and the
previous state, respectively. If PPV(t) > PPV(t — 1), the duty control bits, which determine the next states
[PPV(t+1) and PPV(t + 2)], are set to DMPPT = 1100 and DMPPT = 1101. In contrast, if PPV(t) < PPV(t -
1), the duty control bits of the next states are DMPPT = 0100 and DMPPT = 0101. This SAR operation starts
to decide the MSB bit to an LSB bit. After the completion of the SAR operation, the operating point of the
PV cell is located at the MPP and the system enters the power down mode. In the power down mode, the
proposed algorithm maintains the final value of DMPPT and the other operations are suspended, which
results in no power consumption in the MPPT circuit during the power down mode.

The tracking time of the MPPT algorithm is the required time to reach the MPP, when the irradiance
changes. It can be represented by the MPPT operation cycles. Let us assume that an N-bit DMPPT is used in
the MPPT operations. The conventional hill climbing algorithm works like an N-bit digital counter and needs
additional 4 cycles to confirm that the PV output power reaches the MPP. Therefore, the conventional hill
climbing algorithm requires 2N +4 cycles to reach the MPP in the worst case, whereas the proposed
SARMPPT algorithm requires 2N —1 cycles to reach the MPP. In this case, the step size of the conventional
hill climbing algorithm is equal to the smallest step size of the SAR MPPT algorithm. Figure 4 shows ideal
power tracking graphs for the conventional hill climbing algorithm (4 bit) and the proposed SAR MPPT
algorithm (4 bit), and compares their MPPT algorithm during only active mode [10].
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Figure 4. Performance comparison graphs between the conventional hill climbing and the proposed
SAR MPPT algorithms

The proposed SAR MPPT algorithm achieves a fast tracking time, no oscillations around the MPP.
Furthermore, the enhancement of the MPPT efficiency during active mode improves the entire MPPT
tracking efficiency. So by this SAR Algorithm the maximum power point is reached faster when compared
with conventional hill climbing algorithm and yet another advantage is that due to the presence of power
down mode in this method, when the MPP is achieved then the MPPT circuit gets suspended until there is a
large fluctuation in the irradiance level. So by this it is possible to reduce the power consumption by the

MPPT circuit [11].
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Figure 5. Flowchart for the proposed SAR MPPT algorithm
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3. RESULTS

The proposed algorithm has been simulated using Matlab/Simulink and the following outputs were
obtained. Figure 6 shows the tracking time required for the proposed meathod and Figure 7 shows the P&O
mppt output.
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Figure 6. SAR MPPT algorithm output
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Figure 7. P&O MPPT algorithm output

Table 1 shows the tracking time comparison of SAR algorithm and P&O algorithm. It could be seen
clearly the difference in tracking time in both the algorithms and the SAR algorithm is found to be more
superior than conventional MPPT algorithms.

Table 1. Performance comparison of SAR and P&O

MPPT Tracking Time
SAR 0.005
P&O 0.01

4. CONCLUSION

A new maximum power point tracking algorithm called successive approximation register algorithm
is presented in this paper and its modelling is done using Matlab. The output of the proposed algorithm is
compared with conventional hill climbing algorithm and the outputs are verified and the MPPT efficiency is
improved from 61.7% to 80.85%.As the MPPT efficiency improved, the energy loss is reduced and thereby
the energy stored in the energy storage device is also increased. The proposed SAR MPPT algorithm is
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extensible and applicable to low-power applications such as mobile and attachable medical devices and also
in solar power generation plants.

APPENDIX

The MPPT efficiency during the active mode is given by
_ Epy ;
NmPPT, Active = B during Toy
MPPT,Ideal
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