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 Wireless sensor networks are generally operated by batteries. These batteries place 

energy constraints on wireless sensor networks on account of their finite energy. In 

order to address this critical issue of energy constraint, a renewable energy harvesting 
mechanism in rechargeable batteries is introduced in this paper. Solar energy, which is 

one of the most effective and fastest growing energy harvesting mechanisms, is opted 

for its high energy density. A low power Maximum Power Point Tracker (MPPT) 
circuit specifically designed for low cost and power aware circumstances is presented. 

An ad hoc adaptive algorithm has been developed to achieve high efficiency, by 

keeping MPPT at its optimal working point, thus maximizing energy transfer from solar 
cell to the batteries even under non-optimal conditions, where traditional methods fail. 

MPPT is used to continuously deliver the highest possible power to the load even when 

random variations in the isolation and temperature are feasible. The proposed scheme is 
particularly effective even in critical and unfavorable weather conditions. 
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INTRODUCTION 
 

A wireless sensor network is a system which consists of sensor nodes used over a geographical area for 

monitoring physical phenomena like temperature, humidity, vibrations, seismic events, and so on. A wireless 

sensor network node has a power source that supplies the energy needed to perform the programmed task in the 

system. This power source often consists of a battery with a limited energy budget. In addition, it could be 

impossible or inconvenient to recharge the battery, because nodes may be deployed in a hostile or unpractical 

environment. On the other hand, the sensor network should have a lifetime, long enough to fulfill the application 

requirements. But it is possible to scavenge energy from the external environment (by using solar cells as power 

source). However, external power supply sources often exhibit a non-continuous behavior so that a battery is 

needed as well. In any case, energy is a very critical resource. 

The present energy harvesting solutions for wireless sensor nodes depend on a simple on/off threshold 

charge mechanism relying on a diode connecting the cell with the rechargeable battery, see.ref (Joseph, A.D., 

2005). But, the electrical working point of the cell is fixed and set by the battery voltage, thus prevents any 

adaptability; whenever the power is below the threshold, the diode disconnects the cell from the battery and no 

energy is wasted. This method is of extremely cost and low power, but has the following disadvantages: 

 1. As the threshold can‟t be varied, maximum energy transfer is not possible in a non stationary 

environment. 

 2. During non optimal conditions, efficiency is poor as threshold prevents maximum transfer. 

 3. The electrical characteristics of the solar cell must be taken into account to match the battery, hence this 

impose a limit on solar panels. 

All the drawbacks of the diode based solution were considered, and were substituted by a diode based 

circuit with Maximum Power Point Tracker (MPPT). This method is used in traditional outdoor applications, 

but is not suitable for wireless sensor network nodes due to the following drawbacks: 

 1. The size of the solar panel must be as small as possible.  

 2. This circuit would consume, all the power generated.    
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The general MPPT circuits are unique, in the design of the power converting electronics in control strategy. 

The MPPT can be performed by analog control loops and fuzzy solutions, see.ref (Won, C.-Y., et al., 1994) But, 

traditional MPPT designs fail to cope up constraints imposed by wireless sensor nodes such as: 

 1.   Limit on available hardware resources. 

 2. The node operates on extremely low power. 

 3. The MPPT system must not consume significant amount of the energy generated by solar cell i.e. 

Maximum energy transfer from cell to node. 

In this paper, we suggest a novel implementation of an adaptive digitally controlled MPPT circuit especially 

designed for wireless sensor nodes. The design has been carried out bearing in mind the requests of the 

embedded target device .i.e.   Extremely low power consumption of the MPPT, fast adaptation to the changing 

environment, high energy transfer efficiency and low cost. 

 
Fig. 1: Layout of the proposed MPPT system 

 

Construction: 

 The designed MPPT circuit is composed of two main logical blocks:  

1)  A voltage controllable power converter adapting the solar cell with the battery for power transfer. 

2) A control system keeping the solar panel working in the optimal point which helps in maximizing the 

energy transfer. 

There are different components involved in the design of MPPT circuit . The buck/boost converter stage 

electronically adapts the solar cell (the photovoltaic voltage Vp) with the storage battery (battery voltage Vb) and 

hence avoids the reverse potential from the battery to the converter. Voltage differs from being the former 

dependent and fixed by the battery charge status. The power stage converter is a step up converter built over 

LT1303. It implements a hysteretic analog control loop to stabilize the output voltage, while the entire 

integrated power stage is turned on and off to control the power flow.  

The integrated circuit has an inductor peak current control scheme which avoids the inductor to saturate. 

This control technique is known to be effective especially for low power dc–dc stages as it assures high 

efficiency at low power rates and facilitates the design of the control loop. 

 
 

Fig. 2: Detailed design of MPPT technique 

 

This power stage as well as the analog circuit can be forced into an extremely low power consumption state 

through a CPU digital signal. 
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The analog control loop implemented by the LT1303 helps in keeping the input at the optimal reference 

point of voltage. Operational amplifier is an extremely low power unit with a reasonable large bandwidth (200-

kHz gain–bandwidth product) and provides an amplified control error. The reference signal is digitally provided 

by the control CPU and needs to be converted into an analog signal. A Pulse Width Modulation (PWM) 

technique is used to perform the digital to analog conversion using a standard PWM modulator provided by the 

CPU followed by a passive low pass filter to obtain the analog reference voltage. 

NiMH batteries is used for storage instead of Pb-sealed, NiCd and Lithium-ions ones, for their 

compactness, ease recharge ability and they have no memory charging effects. 

The power delivered to the battery is P =Vb. Ib, where Ib is the battery current. The modified control loop 

(due to its time delaying PI action) may cause the power converter burst mode switching activity to slow 

down.This procedure might introduce burst mode oscillations on the output current waveform. In order to 

remove these unwished frequencies, and to provide at the same time an accurate current reading, we employed a 

high side active current to voltage converter and passive low pass filter. All circuits of the power converter 

system (LT1303, CPU and LT1490 op-amps) are powered from the “self power point” .The measured current 

represents the net current flowing into the battery. This accurate reading allows the CPU for enabling the 

converter only when effective energy harvesting is possible. 

 

Adaptive Digital Control Loop: 

 
Fig. 3: Ad hoc algorithm 

 

In our design, the different parameters which controls the output are the photovoltaic voltage Vp   (input 

voltage), the battery voltage (Vb), the reference voltage (Vs) and the maximum voltage that is expected (Vm). 

The control loop of the MPPT circuit aims at keeping voltage (Vp) at the optimal reference voltage Vs = Vm, 

thus maximizing the power transfer from the solar cell to the battery. Power at the output is the product of Vb 

and Ib    and the battery voltage is kept constant during the control cycle and thus the stored power is proportional 

to the output current. 

The control algorithm identifies the optimal voltage Vm   , for which the transfer power is maximized due to 

changing weather conditions, so that Vs converges Vm which in turn changes over time. The identified optimal 

voltage Vm at a given instant of time will become the reference value to be considered by the control loop. The 

algorithm provided is a simplified gradient ascend technique. The starting point of the algorithm is provided by 
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a low cost amplitude technique which scans the power curve periodically. The sub-optimal point is identified, 

and the gradient ascend algorithm updates Vs to converge towards the optimal point and, once the optimal point 

neighborhood is reached, it tracks environmental changes by modifying   Vs accordingly. 

The working starts from a situation without power delivery. CPU is enabled every minute through a timing 

mechanism, and once active, it turns on the converter and explores the voltage for a good starting point. . This is 

done by linearly decreasing from maximum to minimum value and measured the induced. The voltage at 

maximum is the one assumed as the starting point of gradient ascent algorithm. The gradient control mode is 

enabled to track changing weather conditions with a procedurized step update .Conversely, if no power is 

generated the CPU turns off the converter and waits for the next wake up signal, thus to set Toff  condition for 

future release. 

 

The described algorithm is simplified as a general gradient ascent equation (from ref (An Adaptive, 2008)) 

as  
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Hence obtaining, 

,i 1sV  = ,isV   ,s iV
                           (6)  

The gradient is estimated through its definition, here by superimposing a perturbation wave to the control 

variable and evaluating its effect on the controlled one. To detect the gradient sign we adopted a correlation 

operator since a positive correlation stands for a positive power gradient whereas a negative correlation stands 

for a negative one. 

 

The error i.e. the change in gradient is given by „X‟ which is given by the relation, 
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Where, Mp is the number of points to generate the perturbation signal.     

 

The implemented algorithm is given as 

,i 1sV   = 
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=   ,isV    , otherwise           (10) 

During operational activity the control CPU also monitors the battery voltage and disables the converter 

whenever the voltage is above a safety voltage threshold (hence introducing charge limiter). Moreover, the CPU 

performs a digital zero compensation of the current channel readings, sampling the channel before the converter 

is turned on. This digital zero compensation is necessary since the low current/low power analog current reader 

has an intrinsic bias which needs to be removed to grant an accurate detection of the zero power condition. 

The implemented algorithm runs on an 8 bit PIC16F870 CPU at extra low power 32.768-kHz clock 

frequency so that the CPU consumes only 30 µA and does not need to be necessarily switched off. The power-

related information necessary to the control CPU can be easily acquired by the master CPU of the WSN node.  
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Experimental Results: 

The amplitude exploration is activated to identify the initial operating working point. The converter is 

initially off. The CPU activates the converter and identifies the optimal initial working point through amplitude 

exploration. The algorithm provides an ad hoc solution for the exploration. 

 

Here, the node executes a simple code: 

1) Acquisition of sensorial information    (the one  associated with the energy level) 

2) Processing (a local sliding window averaging the obtained data) 

3) Transmission (the processed information was sent to the host every half minute). 

In early morning, the system activates the converter, when there is enough power coming from the cell to 

obtain a net gain in energy. The rise in solar intensity increases the net transfer of power. When the power rises 

to a maximum value, direct radiation ceases and the panel goes into shadows. It is adaptively lowered to extract 

power during this high temperature non optimal condition. At sunset, when enough power is not generated, the 

system switches into a sleeping modality, thus implies a periodic wake up to control if it is time to return into an 

energy harvest modality. 

 
 

Fig. 4: Amplitude exploration and switch to gradient tracking 

 
 

Fig. 5: Adaptive tracking algorithm 

 

A good figure of merit to evaluate the effectiveness of the proposed system is the percentage of energy 

generated during shadow periods where traditional solutions are not effective. The expression is given by, 

shadowE

E
   

This   gives the total energy generated during the day. 
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Fig. 6 and 7: Buck converter and Boost Converter in the converter section  

 

 
 

 
 

Fig 8 and 9: Buck and Boost converter outputs 

 

During operational life we acquired and transmitted three sensorial information characterizing the system in 

its solar energy harvesting ability: 

1) Cell generated power; 

2) Cell working voltage; 

3) Storage battery voltage 

 

Comparing Traditional and Adaptive Solutions:  

We compared the working of the traditional diode based solar energy harvesting mechanism with a solar 

harvesting system of MPPT mechanism. It is confirmed that the diode recharging circuit does not generate 

power at low levels (say 10 mW), while the system with MPPT produces optimal power even at very low power 

levels(say 1 mW) i.e. the power efficiency is about 50 to 60%. 

 In order to increase the power efficiency further, and to reduce the power consumption, PIC controller can 

be replaced by a special low power MSP f2553 processor at the speed of 6 MHz to implement the control 

algorithm, which would consume only 1 µA and need not be switched off. 
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Conclusion: 

A low-power MPPT has been suggested to maximize the energy generation from a small, low power solar 

cell. The entire design of the system, from the power converter to the digital control system has been designed 

for low power operations, independently from the specific nature of the solar panel and the battery type. With 

the ad hoc algorithm, the system is able to generate an energy transfer rate particularly high, even when the cell 

is in shadow or the weather is cloudy; thus works differently from existing solutions for WSN nodes that do not 

produce energy in these situations.  
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