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Abstract 
In order to expand the energy source in energy harvesting, this thesis 
explores the feasibility of using infrared light source as the energy 
source. Firstly, the thesis investigated the current energy harvesting 
solution and the way of using infrared light energy, and determined the 
use of crystalline solar panels as energy harvesters. By testing the illu-
mination characteristics of the infrared light source, a wireless sensor 
node based on active infrared light energy is designed to verify the 
reliability of the energy harvesting system. The node uses the BQ25505 
as a power management circuit to store energy in the supercapacitor 
and power the system load through the boost convertor of the TPS61020. 
The load is a CMWX1ZZABZ wireless module based on LoRa network 
communication. The thesis measures the energy conversion efficiency of 
each part of the system. Through data analysis and evaluation, it is 
considered feasible to use the infrared light source as the energy source 
of the wireless sensor node. 

Keywords: Energy Harvesting, IR, WSN, Photovoltaic. 
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Terminology  
 

Abbreviations 
WSN Wireless Sensor Networks 

IC Integrated Circuit 

MCU Microcontroller Unit 

IoT Internet of Things 

IR Infrared 

RF Radio Frequency 

EHS Energy Harvesting System 

EMF Electromotive Force 

MPP Maximum Power Point 

MPPT Maximum Power Point Tracking 

FOCV Fractional Open Circuit Voltage 

FSCC Fractional Short Circuit Current 

LCM Load Current Maximization 

PMIC Power Management Integrated Circuit 

EVM Evaluation Module 

PV Photovoltaic Module 

SC Super Capacitor 

NTP Normal Temperature and Pressure 

SF12 Spreading Factor 12 
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Mathematical notation 
Symbol  Description 

VMPP Voltage of maximum power point  

Voc Open circuit voltage 

β  proportional coefficient of FOCV 

IMPP Current of maximum power point  

Isc Short circuit voltage current 

Δ proportional coefficient of FSCC 

PMPP Power of maximum output point  

ηEH Conversion efficiency of energy harvesting 

pEH Power of energy harvesting 

PIR light Power of IR light 

λ Wavelength of infrared source  

α Lens angle of infrared source 

D Distance from the measurement point to the 
infrared source 

θ Deviation between the measurement point and 
the infrared source 

T Type of solar panel 

ηEC Conversion efficiency of energy conversion 

qcharge The quantity of electric charge into the capaci-
tor 

qsolar The quantity of electric charge out of the solar 
panel 

icharge Current into the capacitor 

isolar Current out of the solar panel 
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Vclose Closed circuit voltage 

ηLC Conversion efficiency of load circuit 

wLC Power of load circuit 

wdischarge Power of capacitor discharge 

vLC Voltage of load circuit 

vcap Voltage of capacitor 

iLC Current into the load circuit 

idischarge Current out of the capacitor 

ηLC Receive Conversion efficiency when the load circuit is 
in the receiving state 

ηLC Transmit Conversion efficiency when the load circuit is 
in the transmit state 

ηLC Sleep Conversion efficiency when the load circuit is 
in the sleep state 
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1 Introduction 
1.1 Background and problem motivation 

Driven by the development of communication technology, computer 
technology, network technology and sensor technology, wireless sensor 
networks (WSN) is recognized as one of the most important technolo-
gies of the 21st century. 

The way humans obtain information from the original eye, ear, etc. 
Nowadays, they have been able to use a variety of sensors to collect 
more accurate information data. Now the sensor volume is getting 
smaller and smaller, and it can be integrated into the integrated circuit 
(IC), which makes the sensor technology extremely advanced. The data 
collected by the sensor is calculated and analyzed by the microcontroller 
unit (MCU) and sent to the user through the wireless communication 
network, so that the user can understand the environment or the moni-
toring object in real time. The development of WSN has also greatly 
improved the Internet of Things (IoT) technology. Wireless sensor nodes 
are also miniaturized, intelligent, and networked. The performance has 
been greatly improved, and the cost has been greatly reduced, which 
promotes WSN to be widely used in industry and agriculture, military 
communications, environmental monitoring, urban management, health 
monitoring, emergency relief and other fields. 

The limited energy imposes severe constraints on the application of 
WSN. Only by providing long-term energy can the maintenance cost of 
wireless sensor nodes be reduced. If a node is able to extract energy 
from its surroundings and is able to use its acquired energy to supply its 
own energy consumption, the life of the node can be greatly extended, 
even without maintenance during use. 

The dispersibility in the physical location makes the WSN node incon-
venient to connect to the grid. If a fixed grid is needed to supply power, 
the value of the WSN is greatly reduced. Therefore, mobile power such 
as batteries is generally used to power these nodes. The storage capacity 
of the battery is limited. The limited storage capacity of the battery may 
still make it difficult to maintain the power of the node. WSN are usual-
ly deployed in remote locations or in natural environments where 
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workers are difficult to reach, so the power supply in the sensor nodes is 
not easily replaced. In addition, due to the size and cost constraints of 
sensor nodes, it is not possible to equip them with large energy supply 
devices. Providing stable and reliable energy for dispersed nodes is both 
troublesome to install and to maintain. 

The problem of node energy limitation can be alleviated in two ways to 
extend the effective lifetime of the WSN. One is the energy-saving 
scheme, which is to minimize power consumption in the circuit design. 
By saving energy, the effective life of the WSN can be improved in a 
certain process. But the energy limitation problem cannot be fundamen-
tally solved. The second energy solution is to use the energy harvesting 
technology to continuously obtain sustainable energy from the envi-
ronment to supply WSN nodes. 

The exploration of energy collection at this stage mainly focuses on light 
energy, vibration energy, electromagnetic energy, heat energy, etc. In 
order to expand the more possibilities of energy sources and adapt 
wireless sensor nodes to more use scenarios, this project attempts to 
explore energy harvesting for infrared (IR) light. Infrared light refers to 
an electromagnetic wave having a wavelength between 760 nm and 1 
mm, which is an invisible light. Infrared light usually needs to be pro-
duced using a special light source compared to the rich and easy to 
acquire visible light. Visible light has an effect on the surrounding light 
environment, but the invisibility of infrared light makes it a rich applica-
tion at night. For example, in the night, surveillance cameras often use 
infrared light to fill the light, and get a clear picture without illuminat-
ing the environment. If energy harvesting of infrared light energy is 
feasible, it is possible to use the infrared light source of the surveillance 
camera as a source of energy for the wireless sensor node without add-
ing hardware. 
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Traditional light energy harvesting is used for visible light. Visible light 
causes the ambient brightness to change, while the invisibility of infra-
red light keeps the environment dark. Therefore, the energy harvester of 
the infrared source can be applied to the wireless sensor node in a dark 
environment. Solar panels have made great strides in recent years. The 
original solar panels were only sensitive to visible light. Today's solar 
panels are used in a wide range of invisible light, making it possible to 
harvest energy from infrared sources. Based on the advantages of infra-
red light sources in special scenarios and the possibility of infrared 
energy harvesting, this project proposes wireless sensor nodes that use 
active infrared light to power. 

1.2 Overall aim 
The aim of this project is to explore the feasibility of using active IR light 
energy as the source of energy for wireless sensor nodes. The wireless 
sensor node based on infrared light energy harvesting is designed for 
verification. 

1.3 Scope 
The research focus of this project is on the energy conversion efficiency 
of infrared light, which is generated by specialized infrared light sources. 
Infrared light contained in sunlight and infrared light carried by heat are 
not included in the scope of this project. 

1.4 Concrete and verifiable goals 
The project's objective is to suggest a solution to the following technical 
problems: Explore the use of active infrared light as a source of energy 
to power wireless sensor nodes through energy harvesting. Verify that 
the proposed solution meets the available criteria and evaluate energy 
conversion efficiency. 

1.5 Outline 
The rest of the report is organized in different chapters as follows： 

The second chapter is theory. The theory of energy harvesting, conver-
sion and storage is introduced. 

The third chapter is the method. Describes the design method of this 
project. 
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The fourth chapter is the implementation. The experimental steps and 
experimental results in this project were recorded. 

The fifth chapter is the result. Analyze experimental data and define the 
working range. 

The sixth chapter is a summary. Assess the social and environmental 
impact of the project and make recommendations for future work. 

1.6 Contributions 
I completed most of the research project, including the measurement of 
the illumination characteristics of the infrared source and the design of 
the energy harvesting system.  

Dr. Xinyu Ma provided me with sensors for measuring light intensity 
and spectrum analyzer in the measurement experiment of IR light 
sources.   

Researcher Bin Wang provided me with a wireless transceiver module 
based on the LoRa network, which enabled me to communicate with the 
base station.  

Professor Bengt gives me a lot of help when I was having problems with 
my research.   

I would like to thank the above personnel again for their help. 
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2 Theory 
2.1 Energy harvesting system 

With the advancement of WSN, energy harvesting technology has 
received more attention and development, so that wireless sensing 
nodes can harvest energy from the environment. The energy of light, 
heat, radio frequency (RF) and vibration in the environment is convert-
ed into electric energy by harvesting energy such as photovoltaic, ther-
moelectric, electromagnetic, piezoelectric and other energy through the 
harvester. Finally, a stable current is supplied to the system load by a 
boost or buck circuit, as The figure shows. 

 

Generally, the energy harvesting system (EHS) suitable for the envi-
ronmental energy is designed according to the environmental energy 
characteristics of the local area, and the corresponding energy is har-
vested and stored into the energy storage device through the power 
management circuit. The energy storage device is then connected to a 
boost or buck circuit to adjust the harvested energy to the appropriate 
output to power the system load.  

2.2 Energy source 
Current research on micro-energy harvesting focuses on four sources of 
energy: vibrational energy, thermal energy, light energy, and electro-
magnetic energy.  

Among the energy sources listed above, RF energy harvesting has 
received great attention because energy comes directly from the work-
ing state of the node sending and receiving information with the outside 
world.  
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Mechanical energy can also be used for micro-energy harvesting. Ac-
cording to the principle of converting mechanical energy into electrical 
energy, the collector can be divided into: electrostatic vibration energy 
harvester, piezoelectric vibration energy harvester, and electromagnetic 
vibration energy harvester.  

The thermoelectric converter based on the Seebeck effect is an energy 
harvesting device for temperature difference heat energy. The tempera-
ture difference energy comes from the thermopile, and the amount of 
static energy that can be obtained depends on the size of the thermopile. 

Solar energy is a natural energy given to us by nature. The device used 
to convert light energy into electrical energy is called a solar panel. Its 
basic working principle is the photovoltaic effect. Although the above 
various energy harvesters have different working principles, they have 
the following three commonalities: 

i. Other forms of energy in the environment are converted to electrical 
energy by an energy conversion device. 

ii. Because of environmental changes, the supply of energy is unstable 
or even intermittent. 

iii. The voltage obtained after energy conversion is generally unstable. 

In this project, the source of energy used is active infrared light energy. 
Infrared is an invisible light with a wavelength between microwave and 
visible light, between 760 nm and 1 mm. 

The International Commission on Illumination recommends that infra-
red light be divided into the following three categories: IR-A (700 nm - 
1,400 nm), IR-B (1,400 nm - 3,000 nm), IR-C (3,000 nm - 1 mm). The 
infrared radiation source can be divided into four parts: Actinic range 
(tungsten light, sunlight), Hot-object range (electric iron and other 
electric heaters), Calorific rang (boiling water or hot steam), Warm range 
(human body, animal or Geothermal). 
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There are two common infrared sources. One has a wavelength of 850 
nm and contains some visible light, which means that the human eye 
can see a slight red light. The other wavelength is 940 nm and contains 
almost no visible light. Both infrared sources will be tested in the project. 

2.3 Energy conversion 
2.3.1 Solar panels 

The principle of solar cell power generation is the photovoltaic effect 
caused by light incident on a semiconductor. Since the basic characteris-
tics of a solar cell are similar to those of a diode, a simple P-N junction 
can be used to illustrate its operation. The figure below shows the phys-
ical model of a solar panel. When the P-N junction is in an equilibrium 
state, a space charge region is formed, and a built-in electric field from 
the N-region to the P-region exists inside, and the number of carriers is 
extremely small, and it is difficult to form a current. 
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When sunlight having a certain amount of energy is irradiated onto the 
semiconductor, photons having an energy greater than the forbidden 
band width are absorbed. This will excite a large number of excess 
carriers, or photo-generated carriers, in the N-region, the space charge 
region, and the P-region in a non-equilibrium state. Excess carriers have 
a spontaneous tendency to recombine, that is, release the absorbed 
energy to restore equilibrium position. To achieve photoelectric conver-
sion, it is necessary to separate the electrons and holes before they are 
combined. This separation is achieved by the built-in potential field of 
the P-N junction space charge region. Photogenerated electrons are 
pushed toward the N-region, and photogenerated holes are pushed 
toward the P-region. Therefore, there are excess electrons in the N-
region, and there are excess holes in the P-region, and positive and 
negative charges are accumulated on both sides of the P-N junction. A 
photo-generated electromotive force (EMF) opposite to the built-in 
potential field is generated, which is the photovoltaic effect of the P-N 
junction. After the external load of the photovoltaic cell based on the P-
N junction structure, the holes in the P-region flow to the N-region 
through the load, and the electrons in the N-region flow to the P-region 
through the load, and the current formed is called photo-generated 
current. At the same time, the load gets the output power of the solar 
panel. In this way, the sun's light energy directly becomes a convenient 
use of electric energy. 
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The photovoltaic industry mainly divides solar cells into two categories: 
Crystalline silicon (c-Si) and Not classified as crystalline silicon. Crystal-
line silicon (c-Si), used in traditional, conventional, wafer-based solar 
cells. It mainly includes Monocrystalline silicon (mono-Si), Multicrystal-
line silicon (multi-Si) and Ribbon silicon (ribbon-Si), has currently no 
market. Not classified as crystalline silicon, used in thin-film and other 
solar cell technologies. The most typical is an amorphous silicon materi-
al for thin film solar cells. 

 

On the left side of the above figure is the spectral sensitivity curve of the 
AM-30-28 amorphous solar cell introduced by Amorton. On the right is 
the spectral sensitivity curve of a single crystal silicon solar cell model 
IXYS produced by SLMD600H10L. Monocrystalline silicon solar cells 
can be found to have broader spectral sensitivity, while non-crystalline 
solar cells are only sensitive to visible light. The experiment will be 
designed to verify this feature. 

2.3.2 Energy conversion 
The output characteristics of the solar cell can be measured by accessing 
a variable resistance load. A constant current-voltage characteristic 
curve at the illumination intensity can be obtained by recording the 
output voltage and the output current as a function of load under fixed 
illumination. If the voltage is multiplied by the corresponding point 
current, the output electric power is obtained, and the power-voltage 
characteristic curve is drawn. The I-V characteristic curve and the P-V 
characteristic curve visually depict the output characteristics of a solar 
cell. 
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As shown in the figure, the output power of the solar panel does not 
increase as the voltage increases. The maximum output power of the 
solar panel is reached at about 80% of the open circuit voltage. When 
using light energy as an energy source, in order to improve energy 
collection efficiency, the solar panel must be operated near the maxi-
mum power point (MPP). However, the output characteristics of the 
solar panel are affected by factors such as light intensity, ambient tem-
perature, and load state, so that the voltage of the solar panel changes 
and the output power is unstable. Therefore, the maximum power point 
of the solar panel is not a constant value. In order to maximize the use of 
solar energy, it is necessary to track and control the maximum power 
point of the solar panel. Therefore, maximum power point tracking 
(MPPT) technology is required to keep the solar panel operating near 
the maximum power output point. 

MPPT is essentially a process of optimization, that is, controlling the 
maximum power output by controlling the voltage or current of the 
solar panel. MPPT is a very important technology in photovoltaic sys-
tems. So far, many scholars have published their own research results in 
this area. The literature (Comparison of Photovoltaic Array Maximum 
Power Point Tracking Techniques) is a review article on MPPT technol-
ogy., which introduces about 19 MPPT control algorithms. Typical 
examples include: climbing method, interference observation method, 
conductance increment method, Fractional Open Circuit Voltage 
(FOCV), Fractional Short Circuit Current (FSCC), Load Current Maxi-
mization (LCM), and neural network control method, etc. 

i. FOCV  
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FOCV is one of the easiest methods in MPPT technology. 

 
In the above formula,  is the open circuit voltage of the battery,  
is the maximum power point voltage, and β is the proportional coeffi-
cient, which is between 0.71 and 0.78. β is determined only by the char-
acteristics of the solar panel itself, and is not sensitive to external work-
ing conditions.  can get real-time results by periodically disconnect-
ing the load, and  tracking can be realized by adding the arithmetic 
circuit. 

ii. FSCC 

The FSCC is very similar in principle to the FOCV method. Since the 
output characteristics of the solar cell are monotonic, there is a one-to-
one correspondence between the current and the voltage. The  can be 
used as the control variable of the MPPT, so the short circuit current ( ) 
can also be competent. A large number of experiments have proved that 
the output current of the solar panel at the maximum power point ( ) 
is proportional to the  of the component, ie 

 

The proportionality factor δ is usually [o.78, 0.92], and is only related to 
the characteristics of the solar panel, and does not depend on the exter-
nal working environment. 

iii. LCM 

When the solar panel is used to power a constant voltage source load, 
the maximum power can be obtained by adjusting the load current 
while the solar panel is operating at its maximum power point. For 
example, when a solar panel is used to charge a battery pack, since the 
normal operating state of the battery is a constant voltage source, in-
creasing the charging current means increasing the output power of the 
solar cell. When the charging current reaches a maximum value, the 
solar cell also The MPPT is implemented, which is how LCM works. 
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2.4 Energy storage 
The source of energy used for energy harvesting is often unstable and 
may vary over time or the environment. Typically, EHS stores these 
energy in energy storage components. The energy storage component 
will provide a specific constant power available when the system re-
quires it. The energy storage component also enables the system to 
handle any peak current that cannot be directly from the input source. 
Commonly used energy storage methods are: super capacitor, nickel 
cadmium battery, lithium battery. 

Supercapacitors are a product between a capacitor and a chemical 
battery, inheriting the advantages of both and abandoning some of the 
shortcomings. The number of charge and discharge cycles of a capacitor 
can be regarded as an infinite number of times. It can work normally in 
a large temperature range, and the charging time is also very short. The 
disadvantage is that the energy density of the capacitor is not high, and 
the energy that can be stored is very limited. The advantage of a chemi-
cal battery is its high energy density, which is good after battery life. 
However, the charging and discharging processes require a chemical 
reaction, resulting in a limited number of cycles of charge and discharge 
that can be performed, and the battery function fails after the upper 
limit of the number of charge and discharge cycles is reached. Also 
because chemical batteries require a chemical reaction during charging, 
the charging time is very long and must be operated at a suitable tem-
perature with a very narrow temperature range. Supercapacitors have a 
high energy density, no chemical reaction occurs during charging and 
discharging, and the number of cycles of charging and discharging can 
reach hundreds of thousands of times, and can work normally in a 
relatively large temperature range. 
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3 Model 
3.1 System model 

A typical EHS applied to WSN is shown in the figure. Environmental 
energy sources are such as sunlight, wind, heat, pressure, vibration, etc. 
Natural energy is converted into electrical energy by corresponding 
energy harvesting elements, such as solar panels, piezoelectric modules, 
etc. At this time, energy cannot be supplied to the node, and the weak 
energy must be harvested and managed through the energy harvesting 
and management circuit shown in the second module. The energy 
obtained is stored in an energy storage device such as a battery, a super 
capacitor, etc. At this point, energy collection and storage is completed. 
The harvested energy can be supplied to the node in an efficient manner. 
The use of electrical energy involves the conversion of voltage, etc. The 
load of the electrical energy supply is a module such as a sensor, a 
microcontroller, and a wireless transceiver. 

 

It is harvested by an EHS (such as a solar panel) and converted to a 
stable energy by a power management integrated circuit (PMIC), which 
is then stored using low-leakage, low-impedance capacitors. A regulat-
ed energy supply load (such as MCU) is used to wirelessly transmit 
sensor data. 

The environmental energy harvesting circuit must have high sensitivity 
and can adjust the energy conversion strategy in time when the envi-
ronmental energy changes. It also needs to have low power consump-
tion, and the power consumption of the energy harvesting circuit cannot 
be high. If the power consumption is high, the efficiency of the entire 
energy harvesting device is greatly reduced. In addition, when design-
ing the environment energy harvesting circuit, it is also necessary to 
consider the intelligent control strategy of energy. The storage device 
should stop charging after the battery is fully charged. When the storage 
device consumes more power, the power supply circuit should be 
disconnected to protect the energy storage device. Furthermore, it is 
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necessary to consider voltage and current control to protect the safety of 
the circuit system. 

The energy management system based on infrared light energy harvest-
ing designed for WSN nodes is shown in the figure. The entire power 
system consists of five parts: solar panel, energy management unit, 
supercapacitor, boost converter and system loads. 

 

1. The Photovoltaic Module (PV) is used to provide the energy re-
quired for all WSN nodes (including the power module itself). The 
scale of PV should be compromised between reliability and cost 
based on system energy needs; 

2. The energy management unit uses TI's bq25505 to transfer the ener-
gy generated by the solar panel to the energy storage unit through 
power conversion technology, and adopts MPPT to maximize the 
energy conversion efficiency. Although MPPT is theoretically an in-
evitable trend to improve energy conversion efficiency, it is uncer-
tain whether it can play its due role in low-power systems due to its 
power consumption, and will be verified in subsequent experiments; 

3. Super Capacitor (SC) is used for energy storage. It stores excess 
energy when the light is strong, and releases the energy for the node 
load when the light is weak or there is no light. The energy storage 
component commonly used in the current micro power system is a 
battery, but it has many defects such as limited charging times, the 
need for relatively complicated control circuits, and waste in the bat-
tery to cause environmental pollution. Therefore, the photovoltaic 
system based on SC energy storage is studied in this paper; 

4. The boost converter uses TI's TPS61020 to provide a stable operating 
power supply based on load requirements. The current output from 
the supercapacitor is stably supplied to the system load. 
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5. The system load uses Murata's CMWX1ZZABZ wireless module, 
which includes MCU, ADC, RF, and so on. The LoRa network sends 
data to the base station. Contains three states: sleep, receive, and 
transmit. 

After determining the model of the wireless sensor node, the following 
will focus on the assessment of the energy conversion efficiency of each 
link. 

3.2 Energy Harvesting 

 

The energy conversion efficiency η of the energy collecting portion is 
defined as the ratio of the solar panel receiving power to the infrared 
light source's transmitting power, and the formula is as follows: 

 

 is the total power of the infrared source. Select the infrared 
source with the same working power and keep the  unchanged. 

is the maximum operating power of the solar panel. The operating 
power can be obtained by measuring the output voltage and output 
current of the solar panel by a spectrum scanner. The maximum power 
point of the solar panel can be found by plotting the I-V curve and the P-
V curve. 

The energy is emitted by the IR source and transmitted to the solar 
panel over a distance in space. Therefore, the factors affecting energy 
conversion efficiency are IR light source, relative position and solar 
panel type. The position can be split into distance and angle. The follow-
ing table can be obtained: 

Factor Symbol Description 

IR light 
λ  Wavelength of infrared source 
α  Lens angle of infrared source 
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Position 
D(distance) 

Distance from the measurement point 
to the infrared source 

θ  Deviation between the measurement 
point and the infrared source 

Solar panel T(type) Type of solar panel 
Under the absence of visible light, Normal Temperature and Pressure 
(NTP), change the λ, α, D, θ, T, respectively, to study the conversion 
efficiency of the solar panel to the infrared source. According to the 
control variable method, it can be divided into the following five cases: 

i. Keep α, d, θ, T unchanged, change λ, measure the I-V curve of solar 
panel output 

ii. Keep λ, d, θ, T unchanged, change α, measure the I-V curve of solar 
panel output 

iii. Keep λ, α, θ, T unchanged, change d, measure the I-V curve of solar 
panel output 

iv. Keep λ, α, d, T unchanged, change θ, measure the I-V curve of solar 
panel output 

v. Keep λ, α, d, θ unchanged, change T, measure the I-V curve of solar 
panel output 

3.3 Energy conversion 

 

The energy conversion efficiency  of the energy conversion portion is 
defined as the ratio of the charge amount of the supercapacitor input to 
the output charge of the solar panel, and the formula is as follows: 

 

That is, the ratio of the supercapacitor input current to the solar panel 
output current. 
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In order to strip off the influence of the latter circuit on the conversion 
efficiency of the energy management circuit. Under ideal conditions, the 
equivalent impedance of the load circuit should be infinite, so that the 
capacitor is only charged and not discharged. The possible influencing 
factors of energy conversion efficiency are the working state of the solar 
panel and the capacitance value of the super capacitor. 

The open circuit voltage of the solar panel is represented by , and 
the voltage value of the super capacitor is represented by v_cap. Under 
NTP, change , , measure , , and study the energy 
conversion efficiency of the energy management circuit. 

3.4 System load 

 

The whole of the voltage regulator circuit and the load circuit is regard-
ed as the system load. Considering the overall system load can simplify 
the model and make it easier to evaluate conversion efficiency. The 
output voltage of the regulator circuit is the input voltage of the load 
circuit. The load circuit has three working states, namely sleep, receive, 
and transmit. 

For the receive and transmit states, the energy conversion efficiency  
of the system load section is defined as the ratio of the energy consump-
tion of the load circuit to the energy consumption of the supercapacitor. 
The formula is as follows: 

 

Where  and  are the start times of different working states of the load 
circuit, respectively. In theory, the input voltage  of the load circuit 
after the voltage regulator circuit is constant. The  depends on the 
working state of the load circuit. 
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For the sleep state, because the sleep cycle can be adjusted, it is not easy 
to measure energy consumption. Therefore, in the sleep state, the energy 
conversion efficiency  definition refers to the ratio of the average 
sleep power of the load circuit to the average sleep power of the super 
capacitor, and the formula is as follows: 

 

Under NTP, change the working state of  and load circuit, and study 
the conversion efficiency of system load. According to the control varia-
ble method, it can be divided into the following two cases: 

i. Keep  unchanged and change the working state of the load 
circuit. When the working state is sleeping, receiving, and transmit-
ting, respectively,  and  are measured. 

ii. When the working state of the load circuit is the same, change  
and measure   and . 
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4 Implementation 
Based on the model proposed in the third chapter, the implementation 
of wireless sensor nodes is divided into four parts: energy source, ener-
gy harvesting, energy conversion and system loads. 

4.1 Energy source 
Based on the condition setting of other energy sources such as no visible 
light and no battery, in order to provide stable and continuous active 
infrared light energy, it is necessary to select a reasonable infrared light 
source as the energy source. Need to understand the lighting character-
istics of the infrared source. The following experiments were designed. 

Experimental aim: To understand the illumination characteristics of the 
infrared source and evaluate the energy collection level of the infrared 
source. 

Experimental instruments and components: 

  

 Infrared illumination module: Luxorparts produced PI-IRLED, 
wavelength 850nm, lens angle 100 degrees and power 1W. 

 Solar panel: IXYS produced, model is SLMD600H10L. 

 Spectrum scanner: Keysight produced, model is B2901A. 

 Computer: Based on Windows 10, use the software keysight B2900A 
Quick IV Measurement Software, version number 3.2.1616.1900. 

Experimental conditions: no visible light, NTP 



Active Infrared light power supply 
for indoor wireless sensor nodes 
Jialei Chen 

4 Implementation 
2019-10-07 

 

29 

 

Experimental steps: 

i. Print the coordinate system. Place the infrared source at the origin of 
the coordinates and place the solar panel at the measurement point. 
Keep the infrared source and the solar panel at the same level, and 
the solar panel is always facing the infrared source. 

A planar coordinate system is designed to mark the measurement 
points. From 0 degrees to 90 degrees every 15 degrees is one direc-
tion, a total of 7 directions. A total of 5 measurement points are 
marked every 20 cm on a line with a length of 1 m in the direction. A 
total of 35 measurement points can effectively cover the illumination 
area of infrared light. The coordinate system is as shown. 

 

ii. Use a DC regulated power supply to power the IR lamp at a voltage 
of 3.5V. Connect the two poles of the solar panel to the correspond-
ing test leads of the spectrum scanner. Connect the spectrum scan-
ner to computer. 

iii. Turn on the power. Set the frequency of the spectrum scanner to 200 
kHz, scan the voltage range from 0 to 6 V, and record the corre-
sponding voltage and current values. Save the data for each meas-
urement point as a separate CSV file. 

iv. Move the solar panel to each measurement point and repeat step iii. 

Experimental data: 
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The experimental data with the negative current value is rounded off, 
and the I-V curve is plotted with the voltage as the x-axis and the cur-
rent as the y-axis, as shown in the figure (take the center angle as an 
example). 

 

Hold the voltage as the x-axis, multiply the voltage by the current as the 
y-axis, and plot the power-voltage (P-V) curve as shown (taking the 
center angle as an example). 

 

The maximum value on the P-V curve is recorded as the maximum 
power point of the solar panel. In the center direction, taking the meas-
urement point of 20 cm from the infrared source as an example, the I-V 
curve and the P-V curve are drawn together as shown below. 
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In a single direction, the distance from the measurement point to the 
origin is taken as the x-axis, and the maximum power value of the 
measurement point is taken as the y-axis, and the relationship between 
the maximum power point of the solar panel and the distance can be 
obtained. 

 

Use the curve fitting tool in MATLAB. As shown, the maximum output 
power of the solar panel is inversely proportional to the square of the 
distance. 
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The maximum output power value of the solar panel at each measure-
ment point was obtained by data analysis. The data is shown in the 
following table. 

20cm 40cm 60cm 80cm 100cm
0 5.37E-05 6.77E-06 1.97E-06 7.07E-07 3.37E-07
15 1.51E-04 2.43E-05 7.41E-06 3.03E-06 1.44E-06
30 1.80E-04 2.71E-05 8.28E-06 3.43E-06 1.66E-06

C 45 2.15E-04 3.59E-05 1.12E-05 4.45E-06 2.15E-06
60 1.42E-04 2.31E-05 7.06E-06 2.89E-06 1.35E-06
75 1.29E-04 2.24E-05 6.84E-06 2.73E-06 1.33E-06
90 6.98E-05 1.22E-05 4.61E-06 1.92E-06 8.94E-07

850,2W

L

R

 

The maximum output power of the solar panel is the maximum power 
that can be generated when the solar panel is at the measurement point. 
It can be used to measure the energy of the infrared light energy at the 
measurement point. Taking the horizontal plane as the x and y axes and 
the maximum output power value of the solar panel as the z-axis, the 
distribution of the maximum output power of the solar panel on the 
horizontal surface, that is, the illumination characteristics of the infrared 
light source can be obtained. 

 

As shown in the figure, the energy distribution is fan-shaped around the 
LED lamp bead. The maximum output power of the solar panel is 
symmetrical on the plane with the center of 45 degrees as the axis. When 
the distance from the solar panel to the infrared LED is less than 40 cm, 
the maximum output power of the solar panel decreases with the in-
crease of the distance, and the power attenuation is severe. When the 
distance is greater than 40cm, the maximum output power of the solar 
panel does not change much with the increase of the distance, and the 
output power is very small. 
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4.2 Energy harvesting 
Understand the illumination characteristics of the infrared source and 
estimate the energy required by the wireless sensor node. Customized 
an infrared LED array with a single LED power of 3W, 15 LEDs and a 
total power of 45W. From Section 3.2, the factors affecting energy har-
vesting efficiency are the wavelength of the infrared source, the effect of 
the lens angle on the light, the distance and the off-angle between the 
measurement point to the source, and the type of solar panel. Therefore, 
the following experiments were designed to evaluate the efficiency of 
energy harvesting. 

Experimental aim: Explore the wavelength of the infrared source, the 
effect of the lens angle on the light, the distance from the solar panel to 
the infrared source, the angle between the solar panel and the infrared 
source, and the type of solar panel on the level of energy harvesting. 

Experimental instruments and components: 

 

 

 Infrared illumination module:  

Wavelength is 850nm, lens angle is 30°, power is 45W 

Wavelength is 850nm, lens angle is 90°, power is 45W 

Wavelength is 850nm, no lens, power is 45W. 
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Wavelength is 940nm, lens angle is 30°, power is 45W 

Wavelength is 940nm, lens angle is 90°, power is 45W 

Wavelength is 940nm, no lens, power is 45W. 

 Solar panel: IXYS produced, model is SLMD600H10L. 

Panasonic Amorton produced, model is am-56-10. 

 Spectrum scanner: Keysight produced, model is B2901A. 

 Computer: Based on Windows 10, use the software keysight B2900A 
Quick IV Measurement Software, version number 3.2.1616.1900. 

Experimental conditions: no visible light, NTP 

  

Experimental steps: 

i. Print the coordinate system. Place the infrared source at the origin of 
the coordinates and place the solar panel at the measurement point. 
Keep the infrared source and the solar panel at the same level, and 
the solar panel is always facing the infrared source. 

The new planar coordinate system has expanded to a larger area 
due to the replacement of a more powerful infrared source. From 0 
degrees to 90 degrees every 15 degrees is one direction, a total of 7 
directions. Based on the illumination characteristics obtained in the 
first experiment, the distribution of the measurement points was 
improved. In order to obtain more accurate data, the distribution 
density of measurement points at close distances is increased. One 
measurement point per 0.2 m in the range of 1 m to 2 m. One meas-
urement point per 0.5m in the range of 2m to 3m. One measurement 
point per 1m in the range of 3m to 5m. A total of 10 measurement 
points in a single measurement direction. A total of 70 measurement 
points in the coordinate system. The distribution of the measuring 
points in a single direction is shown in the figure.  
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ii. Use an AC to DC adapter to power the IR source. Connect the two 
poles of the solar panel to the corresponding test leads of the spec-
trum scanner. Connect the spectrum scanner to your computer. 

iii. Turn on the power. Set the frequency of the spectrum scanner to 200 
kHz, scan the voltage range from 0 to 6 V, and record the corre-
sponding voltage and current values. Save the data for each meas-
urement point as a separate CSV file. 

iv. Move the solar panel to each measurement point and repeat step iii. 
Replace different light sources and solar panels for measurement. 

Experimental data: 

A total of 12 control groups in the experiment, as shown in the following 
table. The output I-V curve of the solar panel was obtained by meas-
urement. Through data analysis, the relationship between the conver-
sion efficiency of solar panels and the influencing factors can be ob-
tained under different conditions. 

Wavelength(nm) Lens reflector(°) Solar panel type Group 

850 

30 
Crystalline A 

Amorphous B 

90 
Crystalline C 

Amorphous D 

No lens 
Crystalline E 

Amorphous F 

940 

30 
Crystalline G 

Amorphous H 

90 
Crystalline I 

Amorphous J 

No lens 
Crystalline K 

Amorphous L 
i. Keep α, d, θ, and T unchanged. Change λ to 850 nm and 940 nm, 

respectively. 
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850,90,cry(C) 940,90,cry(I) 

(The color range is the same but the color represents a different or-
der of magnitude) 

In contrast to Group C and Group I, the 850 nm infrared LED array 
produces energy that is higher than the 940 nm infrared LED array. 
In order to analyze the possible causes, in this set of experiments, 
the TSL2561 digital brightness sensor manufactured by Adafruit 
was additionally used to test the brightness values of the experi-
mental environment, as shown in the following table. 

  

850,90,cry(C) 940,90,cry(I) 

It can be found that an infrared LED array with a wavelength of 850 
nm contains more visible red light. The maximum brightness is 
about 70 lux using an 850 nm infrared LED array, which is much 
higher than the 4 lux of the 940 nm infrared LED array. The conver-
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sion efficiency of existing solar panels to visible light is much higher 
than that of invisible light. So in Group C experiments, solar panels 
converted more energy, including visible red light. 

It has also been found that in the absence of a lens, the illumination 
characteristics of the 850 nm and 940 nm light sources differ greatly. 

  

850,no,cry(E) 940,no,cry(I) 

When no lenses are used, the 850 nm infrared LED array exhibits 
different illumination characteristics than the 940 nm infrared LED 
array. The 850 nm infrared LED array is fan-shaped and evenly 
spread. However, the 940 nm infrared LED array is more concen-
trated in the center direction, and the edge direction decays more 
quickly, similar to the shape of a sword. When the lens's polymeri-
zation of light is lost, the light should be more evenly distributed. 
The 850 nm infrared LED array without lenses is more in line with 
pre-judgment and cognition. After verification, it was found that the 
850 nm LED lamp bead uses dot matrix illumination, while the 940 
nm LED lamp bead uses laser illumination. Laser-illuminated beams 
are more concentrated than dot-matrix and transmit farther. 

ii. Keep λ, d, θ, T unchanged, change α, 30°, 90° and no lens. 

   
850,30,cry(A) 850,90,cry(C) 850,no.cry(E) 
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In comparison with Group A, Group C and Group E, the energy at 
the center position, 30 degrees better than 90 degrees is better than 
no lens. It shows that the lens has a concentrated effect on the light, 
so the energy is also more concentrated. The smaller the degree of 
the lens, the more energy the infrared light carries, and the farther it 
is attenuated to the same energy. The lens has better effect when the 
angle is larger, but the energy attenuation is more serious at medi-
um and long distances. Therefore, the angle of the lens should be 
determined based on the actual distribution of the wireless sensor 
nodes. 

iii. Keep λ, α, θ, T unchanged, change d. 

For example, a crystalline solar panel is used at a wavelength of 850 
nm without using a lens. The maximum power values in the center 
direction are shown in the following table: 

Distance(cm) 100 120 140 160 180 200 250 300 400 500
Power(W) 0.000117 7.35E-05 4.91E-05 3.11E-05 2.34E-05 1.72E-05 9.10E-06 5.62E-06 2.43E-06 1.41E-06  

Draw a chart and fit the curve: 

 

When only the distance from the measuring point to the light source 
is changed, the maximum power point is inversely proportional to 
the square of the distance. 

iv. Keep λ, α, d, T unchanged, change θ. 

100cm 120cm 140cm 160cm 180cm 200cm 250cm 300cm 400cm 500cm
0 5.53E-07 2.96E-07 1.48E-07 1.89E-07 1.45E-07 1.32E-07 6.37E-08 2.38E-08 1.72E-08 7.70E-09
15 2.53E-05 1.28E-05 7.19E-06 5.95E-06 4.55E-06 3.40E-06 1.74E-06 7.54E-07 4.73E-07 1.79E-07
30 7.18E-05 4.36E-05 2.55E-05 1.85E-05 1.25E-05 1.05E-05 5.59E-06 2.87E-06 1.19E-06 4.69E-07

C 45 0.000115 7.96E-05 5.43E-05 3.98E-05 2.56E-05 1.95E-05 9.37E-06 5.75E-06 2.02E-06 1.08E-06
60 8.36E-05 5.86E-05 3.48E-05 3.08E-05 1.91E-05 1.35E-05 6.79E-06 3.88E-06 1.41E-06 7.78E-07
75 3.93E-05 2.59E-05 1.49E-05 1.15E-05 7.53E-06 5.97E-06 2.59E-06 1.60E-06 5.80E-07 3.59E-07
90 5.82E-06 2.48E-06 1.62E-06 1.45E-06 1.19E-06 1.03E-06 4.85E-07 2.11E-07 1.14E-07 6.43E-08

940,90,c

L

R
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For example, a crystalline solar panel is used at a wavelength of 940 
nm with 90 degrees lens angle. The values of the maximum power 
at different measurement points are as shown in the above table. 
When the distance from the measurement point to the source is the 
same, the center's energy harvesting level is always better than the 
edge's energy harvesting level. 

100cm 120cm 140cm 160cm 180cm 200cm 250cm 300cm 400cm 500cm
0 8.67E-05 4.72E-05 3.02E-05 2.00E-05 1.48E-05 1.04E-05 5.69E-06 3.07E-06 1.45E-06 6.99E-07
15 9.69E-05 5.76E-05 3.95E-05 2.57E-05 1.79E-05 1.40E-05 7.21E-06 4.17E-06 2.15E-06 1.25E-06
30 0.000113 6.97E-05 4.50E-05 3.05E-05 2.20E-05 1.61E-05 8.22E-06 5.25E-06 2.87E-06 1.50E-06

C 45 0.000117 7.35E-05 4.91E-05 3.11E-05 2.34E-05 1.72E-05 9.10E-06 5.62E-06 2.43E-06 1.41E-06
60 0.000109 6.56E-05 4.26E-05 2.92E-05 2.19E-05 1.52E-05 8.22E-06 5.16E-06 2.34E-06 1.27E-06
75 9.31E-05 5.41E-05 3.69E-05 2.52E-05 1.82E-05 1.29E-05 6.79E-06 4.27E-06 2.23E-06 1.39E-06
90 7.56E-05 4.73E-05 2.84E-05 1.86E-05 1.48E-05 1.03E-05 5.24E-06 3.48E-06 1.70E-06 9.37E-07

L

R

850,n,c

For example, a crystalline solar panel is used at a wavelength of 850 
nm without using a lens. The values of the maximum power at dif-
ferent measurement points are as shown in the above table. When 
the distance from the measurement point to the light source is the 
same, the energy harvesting level of the center is equal to the energy 
harvesting level of the edge, which verifies the conclusion in the ex-
periment 4.1. 

v. Keep λ, α, d, θ unchanged, and change T to Crystalline and Amor-
phous. 

  
850,90,cry(C) 850,90,amo(D) 

Taking Group C and Group D as a comparison, the maximum out-
put power of the crystalline solar panel was 6000 times that of the 
amorphous solar panel, which verified that the crystalline solar 
panel is more sensitive to invisible light. Since the conversion effi-
ciency of amorphous solar panels is too low, the construction of 
wireless sensor nodes will not be realized. It has also been found 
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that the illumination characteristic image using the crystal solar 
panel is more symmetrical, and the obtained illumination character-
istic image using the amorphous solar panel is inclined to one side. 
Because the experiment was carried out in a dark room, in order to 
shield visible light as much as possible, the doors and windows 
were closed, but the lights of the emergency exit were kept bright. 
Amorphous solar panels are only sensitive to visible light and the 
amount of energy collected is extremely small. Undesired light has a 
greater impact on the experimental results, and some changes in 
light cause confusion in the illumination characteristics of amor-
phous solar panels. This situation also appears in the L group test, 
as shown in the following table. 

  
940,90,cry(k) 940,no,amo(l) 

4.3 Energy conversion 
Experimental aim: Exploring the energy conversion efficiency of energy 
management circuits. 

Experimental instruments and components: 
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 Solar panel: IXYS produced, model is SLMD600H10L. 

 Energy management circuit: TI produced, model is BQ25502-EVM, 
which is a highly integrated energy harvesting and power manage-
ment chip. 

 Super capacitor: The capacitance value is 2.86F and the rated voltage 
is 4.8V. According to the limitation of BQ25502-EVM energy man-
agement circuit and the charge and discharge of the capacitor itself, 
the capacitance voltage measurement point selected in the experi-
ment is [2,3,4] V. 

 Oscilloscope: Keysight produced, model is MSOX3024T. 

 Multimeter: Keysight produced, model is Agilent 34410A, the num-
ber is 2. 

Experimental conditions: NTP 
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Experimental steps: 

i. Connect the circuit as shown above. Connect the solar panel to the 
input of the BQ25505-EVM (J2 pin), connect the supercapacitor to 
the BAT_SEC terminal (J8 pin), set the MPPT to 80% (JP4 selects 
80%), and load (J5 pin) open circuit. Connect the first ammeter be-
tween the anode of the solar panel and the input of the energy man-
agement circuit for measuring . The other is connected to the 
BAT_SEC terminal and the positive terminal of the capacitor for 
measuring . 

ii. The oscilloscope is connected to both ends of the capacitor to moni-
tor changes in capacitance. However, since the equivalent resistance 
of the oscilloscope is 1 MΩ, when the MOSFIT switch between the 
BAT_SEC and VSTOR in the chip is turned on, it is equivalent to 
having a load of 1 MΩ at both ends of the VSTOR. 

iii. Set  to 2V, adjust the  of the solar panel from 1V to 5.5V, 
measure ,  and record with a multimeter. 

iv. Change  to 3V and 4V, repeat step iii. 

Experimental data: 

Change , , measure , , and study the energy conver-
sion efficiency of the energy management circuit. As can be seen from 
3.3, the conversion efficiency of the energy management circuit is: 

 

i. In order to understand the energy conversion efficiency intuitively 
without considering the working state of the solar panel, plot the re-
lationship between  and , as shown below: 
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It can be known that when the input current is greater than 80 mA, 
the conversion efficiency is greater than 70%. Then gradually stabi-
lized, when  is [2, 3, 4] V, the conversion efficiency is [0.78, 0.81, 
0.83]. When the  is higher, the conversion efficiency is higher, 
but the effect is not significant. 

ii. In order to explore the effect of solar panel working state on conver-
sion efficiency, draw the relationship between  and , and 
MPPT ( ) and  as shown below. 
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When  = 2V,  rises to nearly 80% at  = 2.5V and then re-
mains stable. The corresponding MPPT reaches a maximum of ap-
proximately 80% at  = 2.5V and then decreases. 

When =3V,  rises to 70% at =3V, and then gradually in-
creases to 80%. The corresponding MPPT reaches a maximum of 
over 80% at =3V and then decreases. 

When =4V, the curve of  and  has no obvious mutation 
point, and gradually increases to 80%. The corresponding MPPT has 
been above 70%, reaching a maximum of over 80% at =3.5V. 

According to the characteristics of the solar panel,  directly de-
termines the working state of the solar panel. The MPPT function in 
the energy management circuit determines , and  also af-
fects the energy conversion efficiency. Among them, MPPT has the 
greatest impact on energy conversion efficiency. 

4.4 System loads 
The system load contains a voltage regulator circuit and a load circuit. 
The voltage discharged by the capacitor is fixed to the operating voltage 
of the load circuit through the voltage regulator circuit. The load circuit 
based on the CMWX1ZZABZ wireless module has three working states, 
namely sleep, receive, and transmit. The design experiment evaluates 
the conversion efficiency of the system load. 

Experimental aim: Exploring the energy conversion efficiency of the 
system load and measuring the energy consumption of the wireless 
module. 

Experimental instruments and components: 
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 Boost Converter: TI produced, model is TPS61020-EVM. An efficient 
synchronous boost converter. The input voltage ranges from 0.9V to 
6.5V. The output voltage is fixed and adjustable with a maximum 
output voltage of 5.5V. The default output voltage was set to 3.3V in 
the experiment. 

 Wireless Module: Murata's CMWX1ZZABZ wireless module inte-
grates Semtech SX1276 ultra-long-range spread spectrum wireless 
transceiver and STMicro STM32L0 series ARM Cortex-M0 + 32-bit 
microcontroller. In order to determine the maximum energy con-
sumption, the wireless module used the spreading factor 12 (SF12) 
mode. 

The larger the spreading factor, the smaller the payload carried and 
the longer it takes to transmit the same size. SF ranges from 7 to 12. 
Each step up in spreading factor doubles the time on air to transmit 
the same amount of data. 

 Oscilloscope: Keysight produced, model is MSOX3024T. 

 Multimeter: Keysight produced, model is Agilent 34410A, the num-
ber is 2. Connected to the computer, the sampling frequency is 
100Hz, and the running time is 20 seconds. 

Experimental conditions: NTP 

 

Experimental steps: 
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i. Connect the circuit as shown above. The input of the boost converter 
is connected to the super capacitor, and the output is connected to 
the load circuit. Two multimeters are used to measure  and 

, and channel 1 and channel 2 of the oscilloscope measure  
and . 

ii. Set  to 2V, using the current value of  and  and the 
input voltage  of the load circuit when the measurement wireless 
module operates in three different states. 

iii. Change  to 3V and 4V, repeat step ii. 

Experimental data: 

A total of six sets of data were measured in the experiment, as shown in 
the figure below. On the left is the discharge current of the capacitor, 
and on the right is the current flowing into the load. 

 

In the experiment, the output voltage of the boost regulator is constant 
at 3.26V, so =3.26V is taken in the analysis. According to Chapter 3, 
the receiving and transmitting states are: 
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When the state is sleep, there is: 

 

The calculation is available: 

    
2 0.8459 0.8176 0.4259 
3 0.9258 0.9404 0.8780 
4 0.6315 0.6513 0.6640 

It can be seen from the data in the table that the conversion efficiency is 
highest at =3V and lowest at =4V. The main energy consumption 
in the system load comes from the voltage regulator circuit. It can be 
known from the characteristics of the boost converter that the closer the 
input voltage of the boost converter is to the output voltage, the higher 
the conversion efficiency, and vice versa. Since the TPS61020 is a boost 
converter IC, when the voltage is raised from 2V to 3V, the efficiency is 
higher than the voltage is reduced from 4V to 3V. 

At the same time, it can be observed that the boost converter is ineffi-
cient in sleep state. Because the sleep current of the wireless module is 
very low, usually in the micro-ampere level, the energy consumption of 
the boost converter is reduced, resulting in lower efficiency. 
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5 Results 

 

In the fourth chapter, the various parts of the wireless sensor node are 
measured through experiments, and the corresponding data are ob-
tained and the possible impression factors are analyzed. This chapter 
will provide an overall assessment of wireless sensor nodes based on 
known experimental data. 

In the energy conversion experiment, the energy management circuit 
can sense the open circuit voltage range of the solar panel,  ∈ [2.0, 
5.5] V, and the minimum value is 2V. In the energy harvesting experi-
ment, the conversion efficiency of the solar panel to various infrared 
light sources was tested. The open circuit voltage range of the maximum 
power point of the solar panel,  ∈ [0, 3.5] V, and the maximum 
value was 3.5V. Therefore, the open circuit voltage of the maximum 
power point of the solar panel that can be utilized is [2.0, 3.5] V. 

From the energy conversion experiment, the ratio of the charging cur-
rent of the capacitor to the output current of the solar panel can be 
obtained. When the open circuit voltage is within this range, the maxi-
mum power tracking point is maintained at 70%-80% regardless of the 
Vcap value. Ignore the control of the maximum power point by the 
energy management circuit. The current at the maximum power point in 
the energy harvesting experiment is the output current of the solar panel, 
and the charging current of the capacitor can be obtained. 

To ensure that the wireless sensor node can work stably, the charging 
current of the capacitor is greater than the discharge current. It can be 
seen from the system load experiment that the minimum current of the 
load circuit is the current when the wireless module is in the sleep state. 
When the wireless module is in a sleep state, the discharge current of 
the capacitor is typically 0.013 mA. 



Active Infrared light power supply 
for indoor wireless sensor nodes 
Jialei Chen 

5 Results 
2019-10-07 

 

49 

Therefore, the charging current of the capacitor should be greater than 
0.013 mA. Data processing was performed using MATLAB, and the 
following figures were obtained by analyzing four sets of light sources 
of 850 nm-90°, 850 nm-nolens, 940 nm-90°, and 940 nm-nolens, respec-
tively. 
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Take the best measurement point as an example (light source is 850nm-
90°, measurement point is center angle, distance is 1m), and the capaci-
tor charging current is 10e-5mA. When the wireless module is sleeping, 
receiving, and transmitting, the capacitor discharge current is 0.014 mA, 
15.3 mA, and 144.9 mA. When the capacitor leakage current is neglected, 
the calculated capacitance can be charged for 43 minutes to supply the 
system load to complete communication with the base station. Therefore, 
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under the experimental conditions, when the distance from the measur-
ing point to the light source is less than 1 m, the wireless sensor node 
can be supplied with the infrared light source. 

From the above analysis, the program is feasible. Although the energy 
level is very low, the feasibility can be further improved by increasing 
the sleep time of the wireless sensor node and increasing the area of the 
solar panel. 
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6 Conclusions  
6.1 Conclusions 

This project explores the feasibility of relying solely on active infrared 
light energy as a source of energy for wireless sensor nodes. A wireless 
sensor node based on infrared light energy harvesting was designed and 
verified by experiments. After the experimental tests in Chapter 4 and 
the analysis of the results in Chapter 5, this energy harvesting node can 
provide more energy than the system consumes. 

Therefore, it can be concluded that it is feasible to use an infrared source 
as the energy source for the wireless sensor node. Based on the energy 
collection of the photovoltaic system, the energy supply of the nodes can 
be satisfied at the same time in daylight and night, which will provide a 
new idea for extending the application scenario of the WSN. 

6.2 Social and environmental aspects 
6.2.1 Social aspects 

At present, WSN technology is developing in the direction of multi-
scene, high energy efficiency, low cost and maintenance-free, which 
puts higher and higher requirements on the energy supply of wireless 
sensor nodes. The use of battery-powered wireless sensor nodes has 
limitations in terms of cost and operability, and the use of a one-time 
power supply device also poses a hidden danger to network instability. 
Therefore, by harvesting the energy in the environment to provide long-
lasting and continuous energy for the node, the WSN is provided with 
more usage scenarios. This project explores the use of infrared light 
energy as a source of energy, which can extend the application of WSN 
in dark environments and has a positive impact on the popularity of 
WSN. 

6.2.2 Environmental aspects 
Since the design of this node is based on the energy harvesting system 
of the solar panel, this means that the system can work not only in the 
absence of visible light, but also in environments with visible light. 
Through the same system, adapt to a variety of environments, to 
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achieve the perfect connection between day and night. The use of abun-
dant solar energy during the day and the use of existing infrared 
sources such as monitor fill lights at night provide a continuous supply 
of energy to the nodes. Achieve the use of clean energy without the need 
to add additional energy consumption. Reducing reliance on chemical 
batteries can also reduce environmental hazards and have a positive 
impact on the environment. 

6.3 Future work 
I have done my best to work under the existing conditions. However, 
due to the limited project time and insufficient personal knowledge 
reserves, the research topics are inevitably imperfect. In view of some 
problems in the research and learning process, and summarizing some 
experiences and gains in the research process, the following points can 
be used as follow-up research content: 

i. Optimize energy conversion efficiency. In this system, the energy 
conversion efficiency of the energy management circuit and the 
voltage stabilization circuit is not ideal, and excessive energy is con-
sumed by the system itself rather than being utilized by the load. In 
the future, we can explore whether there are better solutions to im-
prove energy conversion efficiency. 

ii. Expand more research. An energy harvesting system based on 
monocrystalline silicon solar panels is used herein. Solar cell tech-
nology has been evolving, perhaps with new materials that are more 
sensitive to infrared light, or new ways of using it. Therefore, more 
research is needed. 

iii. Do more actual testing. The testing of wireless sensor nodes in this 
project is based on the laboratory environment. Due to the time limit, 
there is no test for the actual use environment. In the future, while 
trying to improve the energy conversion efficiency, more practical 
tests can be carried out to find out the problems that may exist in ac-
tual use. 
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Appendix A: Energy source 
experimental data 

20cm 40cm 60cm 80cm 100cm
0 5.37E-05 6.77E-06 1.97E-06 7.07E-07 3.37E-07
15 1.51E-04 2.43E-05 7.41E-06 3.03E-06 1.44E-06
30 1.80E-04 2.71E-05 8.28E-06 3.43E-06 1.66E-06

C 45 2.15E-04 3.59E-05 1.12E-05 4.45E-06 2.15E-06
60 1.42E-04 2.31E-05 7.06E-06 2.89E-06 1.35E-06
75 1.29E-04 2.24E-05 6.84E-06 2.73E-06 1.33E-06
90 6.98E-05 1.22E-05 4.61E-06 1.92E-06 8.94E-07

850,2W

L

R
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Appendix B: Energy harvesting 
experimental data 

Wavelength(nm) Lens reflector(°) Type of Solar 
Panels 

Group 

850 

30 
Crystalline A 

Amorphous B 

90 
Crystalline C 

Amorphous D 

No lens 
Crystalline E 

Amorphous F 

940 

30 
Crystalline G 

Amorphous H 

90 
Crystalline I 

Amorphous J 

No lens 
Crystalline K 

Amorphous L 
a) Wavelength = 850nm, lens angle = 30 degree, Crystalline 

100cm 120cm 140cm 160cm 180cm 200cm 250cm 300cm 400cm 500cm
L 0 6.48E-05 2.39E-05 9.55E-06 1.64E-05 9.08E-06 7.93E-06 4.30E-06 1.00E-05 1.15E-06 4.54E-07
C 45 0.003651 2.81E-03 2.19E-03 1.72E-03 1.38E-03 1.13E-03 6.97E-04 4.80E-04 2.52E-04 1.53E-04
R 90 1.27E-04 4.48E-05 3.97E-05 1.83E-05 2.15E-05 1.85E-05 1.02E-05 5.34E-06 1.08E-06 2.09E-06

850,30,c

 
b) Wavelength = 850nm, lens angle = 30 degree, Amorphous 

100cm 120cm 140cm 160cm 180cm 200cm 250cm 300cm 400cm 500cm
L 0 3.83E-08 8.52E-09 2.10E-09 4.21E-09 1.74E-09 1.51E-09 7.44E-10 1.26E-09 2.78E-10 2.13E-10
C 45 1.13E-06 5.28E-07 4.47E-07 3.11E-07 2.52E-07 1.75E-07 1.02E-07 5.66E-08 2.34E-08 1.22E-08
R 90 2.11E-09 8.85E-10 6.62E-10 3.57E-10 5.30E-10 5.57E-10 3.45E-10 2.54E-10 1.01E-10 1.97E-10

850,30,a

 
c) Wavelength = 850nm, lens angle = 90 degree, Crystalline 

100cm 120cm 140cm 160cm 180cm 200cm 250cm 300cm 400cm 500cm
0 3.21E-05 1.85E-05 2.13E-05 1.44E-05 7.54E-06 5.62E-06 2.70E-06 1.06E-06 6.81E-07 2.23E-07
15 1.26E-04 8.17E-05 7.70E-05 3.79E-05 2.73E-05 2.00E-05 9.72E-06 5.85E-06 2.66E-06 1.27E-06
30 0.000162 1.10E-04 7.10E-05 5.02E-05 3.37E-05 3.25E-05 1.63E-05 8.21E-06 3.91E-06 1.87E-06

C 45 0.000327 1.86E-04 1.30E-04 8.82E-05 6.72E-05 3.85E-05 3.05E-05 1.77E-05 7.41E-06 4.33E-06
60 0.000119 8.00E-05 6.26E-05 4.27E-05 2.86E-05 2.04E-05 1.10E-05 7.17E-06 2.76E-06 1.36E-06
75 9.41E-05 5.54E-05 4.15E-05 2.97E-05 2.08E-05 1.52E-05 6.64E-06 4.61E-06 1.93E-06 1.06E-06
90 1.84E-05 7.18E-06 8.60E-06 4.21E-06 3.89E-06 3.86E-06 3.69E-07 6.51E-07 2.49E-07 2.92E-07

850,90,c

L

R

 
d) Wavelength = 850nm, lens angle = 90 degree, Amorphous 

100cm 120cm 140cm 160cm 180cm 200cm 250cm 300cm 400cm 500cm
0 1.11E-08 7.74E-09 7.29E-09 3.65E-09 2.93E-09 1.62E-09 9.50E-10 1.17E-09 3.16E-10 1.49E-10
15 2.45E-08 1.42E-08 1.52E-08 5.92E-09 5.03E-09 3.05E-09 1.25E-09 1.88E-09 1.42E-09 4.63E-10
30 3.19E-08 1.98E-08 1.38E-08 6.52E-09 6.23E-09 4.87E-09 2.33E-09 1.66E-09 6.06E-10 4.55E-10

C 45 4.67E-08 2.51E-08 1.72E-08 1.14E-08 8.15E-09 4.78E-09 3.48E-09 1.99E-09 1.10E-09 6.70E-10
60 1.48E-08 7.14E-09 7.55E-09 5.63E-09 3.55E-09 2.32E-09 1.50E-09 1.28E-09 7.33E-10 6.38E-10
75 9.30E-09 3.86E-09 3.57E-09 3.00E-09 2.09E-09 1.51E-09 5.49E-10 8.54E-10 1.09E-09 6.36E-10
90 7.37E-10 3.51E-10 6.03E-10 4.61E-10 4.25E-10 5.15E-10 4.44E-10 5.05E-10 5.39E-10 1.08E-09

R

850,90,a

L

 
e) Wavelength = 850nm, no lens, Crystalline 
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100cm 120cm 140cm 160cm 180cm 200cm 250cm 300cm 400cm 500cm
0 8.67E-05 4.72E-05 3.02E-05 2.00E-05 1.48E-05 1.04E-05 5.69E-06 3.07E-06 1.45E-06 6.99E-07
15 9.69E-05 5.76E-05 3.95E-05 2.57E-05 1.79E-05 1.40E-05 7.21E-06 4.17E-06 2.15E-06 1.25E-06
30 0.000113 6.97E-05 4.50E-05 3.05E-05 2.20E-05 1.61E-05 8.22E-06 5.25E-06 2.87E-06 1.50E-06

C 45 0.000117 7.35E-05 4.91E-05 3.11E-05 2.34E-05 1.72E-05 9.10E-06 5.62E-06 2.43E-06 1.41E-06
60 0.000109 6.56E-05 4.26E-05 2.92E-05 2.19E-05 1.52E-05 8.22E-06 5.16E-06 2.34E-06 1.27E-06
75 9.31E-05 5.41E-05 3.69E-05 2.52E-05 1.82E-05 1.29E-05 6.79E-06 4.27E-06 2.23E-06 1.39E-06
90 7.56E-05 4.73E-05 2.84E-05 1.86E-05 1.48E-05 1.03E-05 5.24E-06 3.48E-06 1.70E-06 9.37E-07

L

R

 
f) Wavelength = 850nm, no lens, Amorphous 

100cm 120cm 140cm 160cm 180cm 200cm 250cm 300cm 400cm 500cm
0 8.00E-09 3.95E-09 2.50E-09 1.50E-09 1.08E-09 6.21E-10 3.72E-10 1.88E-10 1.29E-10 8.05E-11
15 8.81E-09 4.54E-09 2.97E-09 1.77E-09 1.16E-09 8.24E-10 4.31E-10 2.17E-10 6.60E-10 5.70E-10
30 9.45E-09 5.21E-09 3.20E-09 2.00E-09 1.33E-09 9.27E-10 4.34E-10 2.94E-10 9.38E-10 6.70E-10

C 45 9.63E-09 4.94E-09 3.07E-09 1.79E-09 1.33E-09 9.30E-10 4.64E-10 3.11E-10 1.64E-10 1.19E-10
60 8.08E-09 4.24E-09 2.40E-09 1.51E-09 1.15E-09 8.88E-10 3.93E-10 2.88E-10 1.75E-10 1.39E-10
75 6.45E-09 3.07E-09 2.03E-09 1.22E-09 8.32E-10 5.44E-10 2.98E-10 2.35E-10 1.56E-09 2.24E-09
90 4.54E-09 2.58E-09 1.45E-09 9.30E-10 6.47E-10 4.43E-10 2.03E-10 1.55E-10 1.35E-09 1.68E-09

850,n,a

L

R

 
g) Wavelength = 940nm, lens angle = 30 degree, Crystalline 

100cm 120cm 140cm 160cm 180cm 200cm 250cm 300cm 400cm 500cm
L 0 2.80E-05 2.24E-05 1.20E-05 4.51E-05 1.39E-05 1.94E-05 3.52E-06 4.93E-06 3.40E-06 2.75E-06
C 45 0.001154 1.05E-03 7.17E-04 5.59E-04 4.07E-04 3.17E-04 1.87E-04 1.23E-04 3.95E-05 2.06E-05
R 90 2.87E-05 1.81E-05 2.22E-05 1.89E-05 1.16E-05 6.74E-06 2.61E-06 1.61E-06 1.42E-07 9.89E-08

940,30,c

 
h) Wavelength = 940nm, lens angle = 30 degree, Amorphous  

100cm 120cm 140cm 160cm 180cm 200cm 250cm 300cm 400cm 500cm
L 0 6.09E-10 5.63E-10 4.11E-10 7.07E-10 3.63E-10 2.85E-10 1.66E-10 1.65E-10 1.33E-10 1.24E-10
C 45 1.88E-08 1.04E-08 7.13E-09 4.41E-09 3.22E-09 2.28E-09 1.31E-09 7.96E-10 2.56E-10 1.65E-10
R 90 1.54E-10 1.23E-10 1.41E-10 2.03E-10 9.44E-11 1.23E-10 1.41E-10 1.35E-10 8.40E-11 8.59E-11

940,30,a

 
i) Wavelength = 940nm, lens angle = 90 degree, Crystalline 

100cm 120cm 140cm 160cm 180cm 200cm 250cm 300cm 400cm 500cm
0 5.53E-07 2.96E-07 1.48E-07 1.89E-07 1.45E-07 1.32E-07 6.37E-08 2.38E-08 1.72E-08 7.70E-09
15 2.53E-05 1.28E-05 7.19E-06 5.95E-06 4.55E-06 3.40E-06 1.74E-06 7.54E-07 4.73E-07 1.79E-07
30 7.18E-05 4.36E-05 2.55E-05 1.85E-05 1.25E-05 1.05E-05 5.59E-06 2.87E-06 1.19E-06 4.69E-07

C 45 0.000115 7.96E-05 5.43E-05 3.98E-05 2.56E-05 1.95E-05 9.37E-06 5.75E-06 2.02E-06 1.08E-06
60 8.36E-05 5.86E-05 3.48E-05 3.08E-05 1.91E-05 1.35E-05 6.79E-06 3.88E-06 1.41E-06 7.78E-07
75 3.93E-05 2.59E-05 1.49E-05 1.15E-05 7.53E-06 5.97E-06 2.59E-06 1.60E-06 5.80E-07 3.59E-07
90 5.82E-06 2.48E-06 1.62E-06 1.45E-06 1.19E-06 1.03E-06 4.85E-07 2.11E-07 1.14E-07 6.43E-08

940,90,c

L

R

 
j) Wavelength = 940nm, lens angle = 90 degree, Amorphous 

100cm 120cm 140cm 160cm 180cm 200cm 250cm 300cm 400cm 500cm
0 2.80E-09 2.36E-09 2.16E-09 1.47E-09 2.12E-09 2.13E-09 9.68E-10 1.03E-09 3.20E-10 3.17E-10
15 2.67E-09 2.93E-09 2.40E-09 1.81E-09 1.90E-09 1.89E-09 8.33E-10 4.87E-10 4.56E-10 4.89E-10
30 2.97E-09 2.77E-09 2.26E-09 1.80E-09 1.55E-09 1.86E-09 8.96E-10 1.09E-09 4.92E-10 3.55E-10

C 45 2.96E-09 2.63E-09 1.71E-09 1.83E-09 1.38E-09 1.89E-09 1.25E-09 1.17E-09 4.69E-10 3.96E-10
60 2.29E-09 1.46E-09 9.84E-10 1.78E-09 9.45E-10 1.44E-09 8.38E-10 1.33E-09 5.73E-10 3.39E-10
75 1.06E-09 7.21E-10 5.50E-10 6.44E-10 4.11E-10 1.09E-09 8.88E-10 1.04E-09 6.99E-10 4.61E-10
90 2.51E-10 2.56E-10 2.13E-10 2.68E-10 2.80E-10 5.26E-10 1.69E-09 5.51E-10 7.72E-11 6.80E-10

R

940,90,a

L

 
k) Wavelength = 940nm, no lens, Crystalline 

100cm 120cm 140cm 160cm 180cm 200cm 250cm 300cm 400cm 500cm
0 1.64E-05 9.80E-06 6.63E-06 4.24E-06 3.17E-06 2.29E-06 1.16E-06 6.03E-07 2.60E-07 1.39E-07
15 2.95E-05 1.93E-05 1.34E-05 8.79E-06 6.82E-06 4.98E-06 2.50E-06 1.30E-06 7.08E-07 2.89E-07
30 7.60E-05 4.65E-05 3.28E-05 2.21E-05 1.54E-05 1.19E-05 7.02E-06 3.53E-06 1.73E-06 8.69E-07

C 45 0.000109 7.04E-05 4.84E-05 3.20E-05 2.48E-05 1.76E-05 1.01E-05 5.38E-06 2.39E-06 1.22E-06
60 6.50E-05 3.67E-05 2.83E-05 1.99E-05 1.43E-05 1.14E-05 5.85E-06 3.25E-06 1.16E-06 6.65E-07
75 1.97E-05 1.30E-05 8.54E-06 6.27E-06 3.96E-06 3.38E-06 1.48E-06 8.82E-07 4.25E-07 2.01E-07
90 1.46E-05 6.87E-06 4.28E-06 3.69E-06 2.10E-06 1.92E-06 5.52E-07 4.64E-07 2.05E-07 1.20E-07

940,n,c

L

R

 
l) Wavelength = 940nm, no lens, Amorphous 
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100cm 120cm 140cm 160cm 180cm 200cm 250cm 300cm 400cm 500cm
0 2.90E-10 2.62E-10 2.42E-10 2.22E-10 2.95E-10 3.04E-10 3.04E-10 1.61E-10 1.30E-10 9.46E-11
15 3.30E-10 2.79E-10 2.26E-10 2.29E-10 3.35E-10 3.11E-10 1.52E-10 2.19E-10 2.39E-10 1.71E-10
30 5.16E-10 3.73E-10 2.89E-10 2.63E-10 3.20E-10 2.54E-10 9.79E-11 2.14E-10 2.63E-10 2.44E-10

C 45 4.66E-10 3.38E-10 2.44E-10 2.13E-10 3.17E-10 1.12E-10 1.94E-10 2.18E-10 1.64E-10 1.94E-10
60 2.17E-10 1.29E-10 1.43E-10 1.85E-10 1.04E-10 1.74E-10 1.28E-10 2.02E-10 5.11E-11 7.35E-11
75 8.98E-11 7.49E-11 6.46E-11 1.18E-10 5.67E-11 7.38E-11 4.59E-11 1.21E-10 3.34E-11 3.00E-11
90 7.37E-11 3.74E-11 5.98E-11 4.95E-11 5.44E-11 5.36E-11 6.46E-11 4.20E-11 5.77E-11 5.71E-11

R

940,n,a

L

 
 

A B 

  
C D 

  
E F 

  
G H 



Active Infrared light power supply 
for indoor wireless sensor nodes 
Jialei Chen 

Appendix B: Energy harvesting 
experimental data 

2019-10-07 
 

59 

  
I J 

  
K L 

  
 



Active Infrared light power supply 
for indoor wireless sensor nodes 
Jialei Chen 

Appendix C: Energy conversion 
experiment data 

2019-10-07 
 

60 

Appendix C: Energy conversion 
experiment data 

i.  

    
5.55 1.310 1.107 2.25 
4.98 0.474 0.396 2.25 
4.50 0.230 0.187 2.17 
4.02 0.124 0.100 2.09 
3.54 0.071 0.056 2.09 
3.06 0.043 0.033 2.09 
2.57 0.017 0.013 2.01 
2.01 0.007 0.003 1.29 

ii.  

    
5.55 1.005 0.832 3.14 
4.98 0.496 0.403 2.97 
4.50 0.256 0.206 2.89 
4.02 0.141 0.113 2.81 
3.54 0.074 0.057 2.73 
3.06 0.037 0.026 2.49 
2.57 0.026 0.008 1.29 
2.01 0.008 0.001 0.88 

iii.  

    
5.31 1.282 1.012 3.54 
4.98 0.548 0.433 3.54 
4.50 0.271 0.208 3.38 
4.02 0.147 0.106 3.22 
3.54 0.076 0.051 2.89 
3.06 0.036 0.020 2.33 
2.57 0.019 0.008 1.93 
2.01 0.007 0.001 1.37 
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Appendix D: System load 
experiment data 

i. ， ， = 
Status Time Minimum current Typical current Maximum current 
Sleep adjustable 0mA 0.003mA 0.066mA 

Receive 2s 11.1mA 11.8mA 12.5mA 
Transmit 1.3s 104.3mA 115.7mA 122.2mA 

ii. ， ， = 
Status Time Minimum current Typical current Maximum current 
Sleep adjustable 0.003mA 0.012mA 0.119mA 

Receive 2s 18.4mA 22.8mA 29.7mA 
Transmit 1.3s 203.9mA 232.4mA 241.0mA 

iii. ， ， = 
Status Time Minimum current Typical current Maximum current 
Sleep adjustable 0mA 0.003mA 0.066mA 

Receive 2s 11.3mA 11.8mA 12.6mA 
Transmit 1.3s 115.4mA 106.4mA 123.1mA 

iv. ， ， = 
Status Time Minimum current Typical current Maximum current 
Sleep adjustable 0.004mA 0.013mA 0.117mA 

Receive 2s 12.0mA 13.9mA 18.2mA 
Transmit 1.3s 121.2mA 139.7mA 146.6mA 

v. ， ， = 
Status Time Minimum current Typical current Maximum current 
Sleep adjustable 0mA 0.001mA 0.080mA 

Receive 2s 11.2mA 11.8mA 12.6mA 
Transmit 1.3s 101.5mA 115.8mA 115.8mA 

vi. ， ， = 
Status Time Minimum current Typical current Maximum current 
Sleep adjustable 0.008mA 0.014mA 0.115mA 

Receive 2s 13.0mA 15.3mA 21.1mA 
Transmit 1.3s 129.9mA 144.9mA 157.5mA 
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