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Abstract—In view of the problem of low energy collection efficiency and
low efficiency of photovoltaic power supply modules in wireless sensor net-
works, a maximum power point tracking algorithm suitable for photovoltaic
power supply of wireless sensor nodes is proposed. Firstly, the photovoltaic cell
model is analyzed. Based on this, the traditional maximum power point tracking
algorithm is analyzed. Combining with the advantages of disturbance observing
method and load current maximization method, the problem of low working ef-
ficiency and low energy collection efficiency of functional modules is solved.
Current observation method maximum power point tracking algorithm, and
complete the relevant hardware circuit design. Experimental results show that
the power consumption of MPPT circuit is low, and the efficiency caused by
environmental factors is very small. The efficiency is kept above 90% and the
overall system efficiency is about 87%, which provides a stable and reliable
photovoltaic power supply for WSN nodes.

Keywords—WSN Node, MPPT, Photovoltaic Power Supply, Current Observa-
tion

1 Introduction

As a new information acquisition and processing technology, wireless sensor net-
work(WSN) can monitor, perceive and collect the relevant information of various
monitored objects in the network distribution area in real time and has a bright future.
However, WSN nodes are generally powered by common chemical batteries, and
their limited service life directly affects the life of wireless sensor networks [1-2].
Taking the solar energy with higher energy density as the energy source of the wire-
less sensor node can greatly increase the life span of the wireless sensor node. Due to
the low photoelectric conversion efficiency of photovoltaic cells, and the output pow-
er is greatly affected by external parameters such as light intensity and temperature, if
it is necessary to ensure that the node obtains more energy to facilitate the storage of
the energy storage element and improve the service quality of the node, To ensure that
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the photovoltaic cell output maximum power programmers [3]. In order to improve
the energy conversion efficiency of photovoltaic cells, the maximum power point
tracking (MPPT) technology is of great significance as far as possible to ensure that it
works in the vicinity of the maximum power point in the environment [4].

Currently, there are many kinds of maximum power point tracking methods. Ac-
cording to the difference between judgment criteria and methods, they can be divided
into open-loop MPPT algorithm, closed-loop MPPT algorithm and intelligent MPPT
control algorithm[5]. The open-loop MPPT algorithm mainly includes constant volt-
age method,short-circuit current proportional coefficient method and difference calcu-
lation method. The closed-loop MPPT algorithm mainly includes disturbance obser-
vation method and conductance incremental method [6]. The intelligent control algo-
rithm mainly includes MPPT control algorithm based on neural network, Fuzzy theo-
ry MPPT control algorithm [7-9]. In the research of MPPT algorithm in recent years,
the literature [10] adopted the method of moving average conductance increment to
control the voltage change. Simulation results show that this method is improved by
50% -60% compared with direct charging, but in the experiment, an additional 35%
power loss due to processor calculations. The literature [11] proposed a bi-directional
perturbation MPPT perturbation observation algorithm, by continuously comparing
the output power of two-way perturbation, adaptively adjust the hysteresis width and
quickly approaching the maximum power point. The literature [12] based on the
open-circuit voltage method Collar battery, to avoid the occurrence of a periodic mo-
mentary off load to reduce the stability of the system, but also saves the maximum
power point tracking power consumption, but the use of pilot battery has increased
the cost of the system and the overall area of the circuit. In the literature [13], an im-
proved variable-step algorithm based on B-parameter is proposed in this paper, which
uses proportional coefficients of different sizes for the rise and fall of light intensity to
reduce the power loss caused by the oscillation near the maximum power point. Ac-
cording to different degrees of influence of photovoltaic power generation on power
generation efficiency, the literature [14] constructs the membership function of fuzzy
factor, integrates the fuzzy weight of influencing factors into the structure of asym-
metric neural network, and obtains the high-precision tracking of the maximum power
point. However, the algorithm is computationally intensive and requires high control
system.

In this paper, firstly, the MPPT algorithm based on the current observation method
is proposed for the miniature photovoltaic system. Then, the MPPT hardware circuit
for current observation is designed. Finally, the tracking effect of current observation
MPPT algorithm is verified through simulation and experiment, MPPT circuit conver-
sion efficiency.
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2 Photovoltaic Cell Modeling and Output Characteristics
Analysis

2.1 Photovoltaic cell analysis and modeling

When the photovoltaic cells are exposed to sunlight, the circuit will produce cur-
rent, and with the increase of light intensity, the photocurrent will increase continu-
ously. When the illumination intensity is relatively stable, the equivalent circuit of the
photovoltaic cell under the ideal state is as shown in Fig. 1 (a). The photovoltaic cell
is equivalent to a constant current source and a diode ( Dj) in parallel. The photovol-

taic cell produces photocurrent ( / ph). The junction current of the PN junctionis /,
the current supplied to the load R, is/,, and U, . is the open circuit voltage. But in

reality, it is necessary to consider the photovoltaic cell production material with its
own incidental resistance R, and production process caused by a small scratch re-

sistance R , the load current is I, . The actual form of photovoltaic cells shown is as

shown in Figure 1 (b).
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Fig. 1. The header image of online-journals.org

From Figure 1 (b) obtained photovoltaic cell current expression is:
I = Iph —Ip—Ig (D

By the photocurrent principle:

Iph = 2= + G(T = Tyep) @)
ref

In the equation (2):Igc is shortcircuit current; Sis the illumination area of the pho-
tovoltaic panel; G is the light intensity under standard conditions; G is the light
intensity; T is the photovoltaic panel surface temperature; T, is the photovoltaic
panel surface temperatureunder standard conditions. By diode schottky equation:
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_ q(U+I{Rs)
Ip = Io {exp [ T2 -1} 3)

In the equation (3):1j is the saturation current; U is the photovoltaic cell output volt-
age; q is the electron charge (1.6x10719C); A is the diode ideality factor (The value is
[1-2]), K is the Boltzmann constant (1.38x10723]/K), T is the temperature of the
photovoltaic panel (K).

Because R is generally less than 1 ohm, Rg is much smaller thanRgy,, so Rg and Ig,
can be ignored, the mathematical model is simplified as:

— IscS _ _ auv | _
1= 224+ G(T ~ Tre)) ~ o {exp[-22] -1} )

According to the parameters in the standard environment and the proportional rela-
tionship of the parameters in the actual environment, the output characteristic curves
of photovoltaic cells under different illumination intensities and temperature changes
are calculated according to the formulas (5) - (11) [15].

Isc = s+ g (1+aAT) (5)
Uoc = Uger - In(e + bAG) - (1 — cAT) (6)
S G:’ef- (1 + aAT) (7)
Uy = Uy+ - In(e + bAG) - (1 — cAT) (®)
Poy = Pros - Gif [1 + KAT] 9)
AT =T — Tyes (10)
AG = G — Gy (11)

In equations (5) - (11),Ig¢ is the actual shortcircuit current; Ug is the actual open
circuit voltage; I, is the actual peak current; U, is the actual peak voltage; Igc+is the
shortcircuit current under standard conditions;Uq¢+ is the open circuit voltage under
standard conditions; U+ is the peak voltage under standard conditions; T is the ambi-
ent temperature; G is the light intensity; AT isthe difference between the actual tem-
perature and the temperature under standard conditions.AGisthe difference between
the actual light intensity and the light intensity under standard conditions. The stand-
ard temperature and standard light intensity are 25°Cand 1000W/m?; a, b and ¢ are
the compensation coefficients, the values are 0.0025,0.0005 and 0.0028 respectively
[16-17].

The photovoltaic cell is polycrystalline silicon cell, the standard temperature
(25°C) and the standard light intensity (1000W/m?)environment parameters as
shown in Table 1.
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Table 1. Photovoltaic cell technical parameters

Open circuit voltage Short circuit current Peak voltage Peak current
(Uoc) (Jsc) (Unm) (Iw)
12.7V 0.42A 8.5V 0.35A

According to the equations (5) ~ (11) and the parameter of Table [, the simulation
model of photovoltaic is constructed by Matlab/Simulink, as shown in Fig 2.

vm Froducté

Fig. 2. Photovoltaic cell output characteristics simulation model

2.2 Analysis of photovoltaic cell output characteristics

The simulation model of photovoltaic cell is used to simulate the influence of light
intensity and temperature on the output characteristic curve of photovoltaic cell, as
shown in Fig 3 and Fig4.

The simulated temperature was set at 25°C and the light intensity was taken as
200W/m?2,400W/m?2,600W/m?,800W/m?,1000W/m? and 1200W/m? , Figure 3
shows the U-P and U-I characteristic curve. Analysis of Figure 3(a), each curve has a
highest point, when the light intensity increases in order, the maximum power is also
gradually increased, but the fluctuations of maximum power point voltage are not
large. In Fig3(b), as the light intensity increases, the shortcircuit current Igcincreases
obviously and the change of open circuit voltage Ug is small.
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Fig. 3. Characteristic curve of photovoltaic cells affected by the light intensity
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Fig. 4. The characteristic curve of photovoltaic cells affected by the light intensity
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The simulation light intensity was set to 1000W/m?, and the temperature were
taken as —5°C,5°C, 15°C, 25°C, 35°C and 45°C, Figure 4 shows the U-P and U-I char-
acteristic curve. In Fig 4(a), the power value of the maximum power point increases
as the temperature of the photovoltaic panel increases. In the rising stage of the power
value, the power does not change substantially when the temperature changes.As
shown in Fig 4(b),as the temperature rises, the shortcircuit current increases, while the
open circuit voltage decreases with increasing temperature.

Therefore, the change of illumination intensity does not change the maximum
power point voltage. Temperature is the main factor that affects the maximum power
point voltage, which is caused by the characteristics of the semiconductor material.

3 Designof MPPT Algorithm

3.1 The disturbance observation method

Thedisturbance observation method is the most commonly used algorithm for
MPPT. By applying a small perturbation to voltage or current, the output power be-
fore and after perturbation is compared. If the power becomes larger, the perturbation
is applied in the direction of the previous disturbance. If the power becomes smaller,
the disturbance is applied in the opposite direction of the previous disturbance until
the maximum power point is found. The algorithm is easy to implement [18-20]. The
algorithm flow chart is shown in Figure 5.

Measuring V, and I,
| |

Fig. 5. The disturbance observation method flow chart
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However, because the disturbance observation method needs to collect the voltage
and current separately, the power can be calculated and compared to determine the
direction of the disturbance, but a large amount of calculation increases the system
load. Moreover, the initial value of the voltage or current used in the disturbance ob-
servation method and the perturbation step has a great influence on the accuracy and
the convergence speed of the algorithm. And oscillation occurs near the maximum
power point, resulting in energy loss.

3.2 The current observation method

It can be seen from the photovoltaic characteristic curve that the change of light in-
tensity is not significant for the change of the maximum power point voltage. The
variation of light intensity is generally regular, so the trend of voltage fluctuation of
photovoltaic cells can also be predicted. Before the voltage of photovoltaic cells pass-
es through the voltage stabilizing circuit before entering the load, the voltage change
of the load terminals is small. Therefore, voltage unchanged basically when the max-
imum power point of the photovoltaic cells was tracked. Therefore, the maximum
power point of the photovoltaic cell can be analyzed only by monitoring the current at
the load end.

The current observation method is as follows: first measure the voltage Vyy and the
current [y at the output of the photovoltaic cell, and let the current I,..=Iy at the max-
imum power point, and apply the disturbance signal through the PWM to change the
duty cycle of the FET so that the current changes, resulting in disturbance current. By
monitoring the load current and photovoltaic cell input size changes, you can deter-
mine the direction of the next disturbance. The current observation method flow chart
is shown in Figure 6.

The current observation method can monitor the maximum power point of the pho-
tovoltaic cell by simply monitoring the current of the load terminal, which can effec-
tively reduce the calculation amount and reduce the energy loss caused by the extra
calculation of the MCU.
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Fig. 6. The current observation method flow chart

4 ReferencesDesigns of Hardware Circuit and Analysis of
Experiment

4.1 Designs ofhardware circuit

The key of the current observation method can be used is that the part of the load
voltage is essentially unchanged. Buck circuit is composited by the diode D2, induc-
tor L and capacitor C3. Resistors R2, R3, R4 and R5 all play the role of resistor divid-
er, the capacitor C2 and C4 play the role of filter regulator, Buck circuit shown in

Figure 7.
1
VN,
33UH U2
SHND OUT ADC1 IN PA4)
PA3) RS RS- R6  —-CS5
RS+ RS- 2K 0.1UF
Zsp2 ‘;:(:: GND  SIGN (—— =
IN4007 220uf MAXAT1
Fig. 7. The Buck circuit
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MPPT circuit is composited by the half bridge driver IC IR2104 and two drive tube
S12302, the circuit is essentially a half bridge drive circuit. By inputting the PWM
signal to the IN port of the IR2104 chip, the trend of the current change can be ob-
served by the MAX471 current detection chip. The current trend of Ul and U2 deter-
mines the adjustment direction of the next PWM. Taking into account the changes in
light intensity is slow generally, in order to reduce the energy loss due to MCU calcu-
lations, the maximum power point tracking circuit generally 5 minutes to make a
regulation.

The MPPT circuit is shown in Figure 8, in order to prevent the photovoltaic cell
voltage drop led to the emergence of lithium batteries or super capacitor voltage back
when the light is dim, the photovoltaic cell will first pass through a diode before ac-
cess the circuit. The current detection chip adjust the current output amplitude through
the resistor R1, the capacitor C1 plays a role in stabilizing the filter, the diode D3 and
the capacitor CO play a self-excitation of the module.
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GND  SIGN +—— ¢ 2 S
P
MAX471 10K S
—l2
R3 L Q2
]n\' TC2 IH—iiBOZ
- 0.1UF [
PV-
D3
N
L
IN4148
c6 u3 =co
L 7Tl = -
VCC VB luf
TIM4 CH2(PB7 !
T CHAEBD) N HO
SD Vs
COM LO
-

IR2104
D

7

-G

Fig. 8. The MPPT circuit

4.2  MPPT efficiency experiment and analysis

Analyzing theMPPT circuit efficiency through the constant voltage source simula-
tion photovoltaic cell voltage, the oscilloscope records the load voltage and current
data, and calculated according to these data MPPT circuit efficiency. The experi-
mental setup is shown in Figure 9, and the experimental data is shown in Table 2.
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Fig. 9. MPPT efficiency analysis experiment device

As can be seen from the data in Table 2, the efficiency of photovoltaic cells re-
mained stable at above 90%, which is in line with the design requirements of photo-
voltaic cells tracking. However, the efficiency of photovoltaic cells declined during
the decline of photovoltaic cells from 12V to 8V. Because the experiment is in a la-
boratory, it is a simulation environment.As the input energy increases, the corre-
sponding energy dissipation of the module may also increase correspondingly, result-
ing in MPPT circuit lower efficiency when the input voltage is larger.

Table 2. MPPT circuit efficiency

Supply voltage Input Current Load voltage Load current Efficiency
12.0V 115mA 4.2V 297mA 90.3%
11.0V 109mA 4.17V 261mA 90.8%
10.0V 102mA 423V 220mA 91.3%
9.0V 95mA 4.19V 185mA 90.8%
8.0V 84mA 421V 146mA 91.5%

4.3  Analysis of MPPT circuit experimental

In the laboratory with adjustable brightness fluorescent lamp experiment, adjust the
light intensity, analysis of photovoltaic cell MPPT circuit efficiency. The current
detection frequency of output current is once per second, gradually increase the light
intensity at 70s, the data is sent to the host computer through the communication
module to record. The communication module’s power is 13mW as the load. The
experimental data is shown in Figure 10.
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Fig. 10. The data of MPPT experiment

In Figure 10, from Figure (a) to Figure (e) are respectively the cell voltage, the five
curves are the photovoltaic cell current, the step-down voltage after the MPPT circuit,
the step-down voltage after the MPPT circuit, and the overall efficiency of the MPPT
circuit. As can be seen from Figure 9, when the fluorescent lamp is kept at low light
conditions, the input voltage of the photovoltaic cell is 9.7V, and the input current of
the photovoltaic cell is about 0.234A. When the fluorescent lamp rises to higher light
conditions, the input voltage of the photovoltaic cell is raised to 10.1V, and the input
current is reduced to 0.22A. This is because as the light intensity increases, the input
voltage of the photovoltaic cell increases, and the input current to decrease, which is
caused by the change of the external parameters of the photovoltaic cell. For the pow-
er output, the output voltage fluctuations is not changewhen the light intensity chang-
es.When the light intensity increases, the output current decreases,butthe MPPT effi-
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ciency fluctuations have not changed and remained fluctuation at about 86%. There-
fore, the current observation methodprotects the tracking efficiency of the overall
circuit by the optimal adjustment of the input energy.

As the communication module has been in the sending state will result in energy
loss, this part can be calculated, the system includes Buck circuit and MPPT circuit,
the overall loss of efficiency is about 87% and the MPPT circuit efficiency is
91%.Therefore, the overall circuit loss of efficiency is low. When the external condi-
tions are changed, the tracking effect of the current observation method does not have
any effect, and the energy consumption in the MPPT circuit and the buck circuit is
low, which is in line with the design requirements of the overall energy supply circuit.

5 Conclusions

The paper establishes the model of photovoltaic cell through the mathematical
model, obtains the photovoltaic characteristic curve by simulation, analyzes the pho-
tovoltaic characteristic, proposes the current observation MPPT algorithm based on
the disturbance observation method, and improves the energy utilization rate. The
current observation MPPT circuit is designed, the working efficiency of the current
observation method is verified through experiments, and the performance of the ener-
gy supply circuit is verified. The experimental results show that the MPPT circuit has
good tracking performance and the tracking efficiency is not affected by the change of
external conditions. The energy consumption of the overall energy supply circuit is
lower, which meets the design requirements of self-powered WSN nodes.

In the experiment, it is found that under different temperature and illumination
conditions, the photovoltaic model established according to the mathematical model
has some errors with the actual photovoltaic model. Establishing an accurate photo-
voltaic cell model is helpful to reversely determine the maximum of photovoltaic cells
according to different temperature and light conditions Power point. Therefore, the
establishment of accurate photovoltaic cell model is the next stage to be solved.
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