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Abstract 
In recent year, wireless sensor networks have gradually become an 

indispensable part of people's daily lives. Energy consumption and 

energy harvesting play an important role in these systems. In outdoor, 

there is no doubt that solar energy is more suitable to powering the 

wireless sensor nodes. Although the energy consumption of these 

systems has been greatly reduced and the lifetime of sensor nodes also be 

improved through the larger capacity of supercapacitor or larger size of 

solar panel. But it will generate another kind of squander, how to choose 

a suitable solar panel and supercapacitor is appearance in our view. In 

this paper, I optimized the solar energy harvesting system from two 

aspects of capacity of supercapacitor and size of solar panel. The objective 

of this thesis has shown that as small solar panel and supercapacitor as 

possible for a given load of these systems under low consumption 

condition. Here, I establish the simulation in Simulink of Matlab, and 

build a low-power consumption; high-security solar energy harvesting 

hardware system for monitoring environment in Sundsvall, Sweden. 

Through the comparison between the simulation and real monitor to 

verify the feasibility. 

Keywords: Solar energy, wireless sensor network, energy harvesting, 

sensor-node lifetime, energy consumption, capacity, size of solar panel. 
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Terminology / Notation 
Acronyms  

MPPT: Maximum power point tracking 

PV: Photovoltaic 

DWW: Digital mustimeter 

SC: Supercapacitor 

TEGs: Thermoelectric generators 

Mathematical notation 

𝐼𝑠𝑐: the photo-current generated by the panel. 

𝐼𝑑: the diode current. 

𝑅𝑠ℎ: equivalent parallel resistance.  

𝑅𝑠: the equivalent series resistance.  

𝑉𝑜:  the output voltage. 

𝐼𝑠𝑎𝑡: the verse current of the diode. 

A: the ideal diode. 

q = 1.6 × 1019C 

K = 1.38 × 10−23J/K  

𝐷𝐼  and 𝐷𝑉 : the output current and voltage of the PV array due to the 

change of light intensity S and temperature T, respectively 𝐷𝐼 and 𝐷𝑉 are 

the output current and voltage of the PV array due to the change of light 

intensity S and temperature T. 

α, β, ϔ: the PV array current temperature coefficient, the voltage 

temperature coefficient, the module temperature coefficient.  

𝑅𝑟𝑒𝑓 and 𝑇𝑟𝑒𝑓: the standard intensities of the PV array and the standard 

ambient temperature. 
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1 Introduction 
Today, the application of sensors has been used in people's daily lives, in 

our smart phones, in our cars, and in special environments such as forests, 

oceans, and deserts. These sensors are equivalent to nodes and together 

form a wireless sensor network. Wireless Sensor Networks (WSNs) can 

be defined as a self-configured and infrastructure-fewer wireless 

networks to monitor physical or environmental conditions, such as 

temperature, sound, vibration, pressure, motion or pollutants and to 

cooperatively pass their data through the network to a main location or 

sink where the data can be observed and analysed [1].  

In order to maintain the advantages of flexible sensor nodes, energy 

supply and life time are the major challenges. At the same time, as 

increasing the emphasis of people on the environment, environmental 

protection and energy conservation also need to be considered as much 

as possible to avoid unnecessary waste and pollution.  

As the most representative energy source in the 21st century, solar energy 

is undoubtedly our first choice. In the wireless sensor network system, it 

has many advantages such as clean, pollution-free, wide range, and long-

time effectiveness. Supercapacitors have also been developed as new 

types of energy storage elements in recent years. While, initially, nodes 

were typically powered from primary or secondary batteries, the 

capacity-limitation of this energy source ultimately lead to a limited 

lifetime for these sensor nodes, and therefore meant that there was the 

requirement for regular maintenance [2].  

1.1 Wireless Sensor Network 

Wireless Sensor Network (WSN) is the second largest network after 

internet in the world, and it stands first in the list of ten emerging 

technologies [3]. 

Wireless sensor network is a new type of sensor network, and it is also an 

interdisciplinary field. Like the mainstream wireless network technology 

today, it consists of a large number of micro sensor nodes with the ability 

to sense, compute, and communicate. It is formed through wireless 

communication. The purpose of a multi-hop self-configuring network 
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system is to cooperatively sense, collect, and process the information of 

the perceivable object in the network coverage area and send it to the 

observer. The powerful data acquisition and processing capabilities make 

it a very wide range of applications and can be applied to military, 

explosion-proof, disaster relief, environment, medical, home, industrial 

and other fields. The wireless sensor network has received more and 

more attention. 

1.2 Sensor Node 

The sensor nodes are self-organized for networking and use wireless 

communication technology for data forwarding. The nodes have dual 

functions of data collection and data fusion. After the node collects the 

information and the information forwarded to it by other nodes, it 

performs preliminary data processing and information fusion and then 

transmits it to the base station in the relaying mode of neighboring nodes, 

and then transmits it to the end user through the base station through the 

Internet, satellites, and other methods. 

The sensor node is the basic functional unit of the wireless sensor network. 

The basic components of a sensor node include a sensing unit, a 

processing unit, a communication unit, and a power supply section. 

The processor module is the core of the sensor node and is responsible for 

device control, task allocation and scheduling, data integration and 

transmission of the entire node. 

1.3 Background and problem motivation 

With the increasing use of wireless sensor networks, wireless sensor 

network technology has been continuously improved in recent years, and 

the former challenges of energy consumption and service life have been 

significantly improved. If each node needs its own external power 

supply, many wireless sensor networks lose their advantages. Although 

power management technology does continue to evolve, it has allowed 

electronic circuits to work longer for a given power supply, but this is 

limited, and using the collected power provides a complementary 

method.  

Although the existing technical system in performance is relatively 

complete, even in some harsh environmental conditions can still achieve 

a better performance. However, as humans attach importance to the 
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environment, the use of cleaner energy sources and non-polluting energy 

storage components has entered everyone's thinking range, and at the 

same time reducing costs and maximizing benefits are also areas of 

interest. 

1.4 Overall aim  

The overall aim is to optimize the wireless sensor network system, reduce 

costs, select the most appropriate components to avoid unnecessary 

waste, reduce pollution to the environment, but also has good 

performance, low energy consumption, long life time, and the advantages 

of stability. 

The study has its focus on optimizing the solar energy system for aspects 

of the size of solar panel and capacity of the supercapacitor. Through the 

comparison between simulation and real hardware system to get the 

suitable size of solar panel and supercapacitor in different radiation.  

1.5 Outline 

The chapter 1 is about the introduction and purpose of this project. 

chapter 2 describes some of the tools used by the project and some related 

works. The chapter 3 describes some research academic in order to 

complete this project. Chapter 4 shows how I implemented the simulation 

part. The chapter 5 shows how to achieve specific functions and hardware 

implementation. The chapter 6 and the chapter 7 is the project results and 

some discussion. The chapter 8 is summary. 
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2 Related Work 
In this project, I first explore the characteristics of photovoltaics, and then 

focus on energy storage and release and project loss related work. There 

are many articles studied about the characteristics of photovoltaics. 

Based on their interested point, those articles can be divided into two 

types. One is a battery as an energy storage device and the other is a super 

capacitor as a storage device. Andrew Brewer and Brett Speiser, Northern 

Illinois University applied solar panel charging rechargeable battery in 

2010[4]. They build a completely charging-discharging system through 

the DC-DC converter to get the stable voltage, Abiheshek Chauan 

department of Electrical Engineering National Institute of Technology, 

Rourkela.2014 [5]. He improves the efficient of output power of PV panel 

through the MPPT. It solves the problem that the current changes with 

solar intensity and temperature lead to the output power unstable and 

makes the charging-discharging system more efficient, because the solar 

panel still working at the maximum power. Therefore, Abiheshek’s 

research more efficient than Andrew, and more comprehensive. Vikrant 

the master student of Indian Institute of Technology Mandi [6]. He makes 

a more complete power manager system through combine the 

supercapacitor and battery with MPPT, it will be better at real working 

situation, it makes the lifetime of system longer and still have a good 

efficient but according to my research in my project the power storage 

only need to supply the system working at dark day. It can work during 

the day with solar energy so actually it a kind of squander. Supercapacitor 

is good enough to supply the system working all night this is the point 

that not fit for my project. 

This chapter is mainly introduced about the related items involved in the 

entire project, including the involved tools, software, components, etc. 

For the detail of data; theory; model; calculations will be shown in later 

articles. 

2.1 Energy Harvest System 

Now all wireless sensor nodes can operate with microwatt average 

power, so it is feasible to power them with non-traditional power 

supplies. This has led to the emergence of energy harvesting. In systems 

where it is inconvenient, impractical, expensive or dangerous, energy can 

be used to collect the power provided to charge the battery or replace the 
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battery. Replacing the battery with other energy storage components is 

an inevitable situation. The battery needs to be replaced on a regular 

basis, which is limited by the number of times the battery itself is charged 

and discharged. This kind of time-consuming and costly work is 

something that people do not want to see. With the collected energy, the 

wires to supply power or transmit data can be eliminated for need. 

Therefore, energy harvesting is a method of powering wireless sensor 

nodes by converting local environmental energy into available electrical 

energy.  

 

Figure2.1: Energy harvesting system 

Wireless sensor network system roughly corresponds to the energy 

harvesting system. Wireless Sensor Networks (WSN) is a unique 

technology which allows the user to gather data about physical or 

environmental parameters, often over a wide area, using a series of 

physically separate “nodes”. Each node is made up of one or more 

sensors (as the application requires); a battery or power supply; and a low 

power processor, which controls the node’s activity. The nodes are also 

enabled with wireless communication capabilities, allowing them to pass 

collected data to each other. This allows them to “funnel” all of the data 

to a single node for collection and analysis. 
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Figure2.2: Schematic of wireless sensor network 

2.1.1 Outdoor Energy Source 

Outdoor energy source includes light, temperature differences, vibrating 

beams, transmitted RF signals, or any energy source that can generate 

charge through the transducer. These energy sources are all around us, 

using suitable transducers such as thermoelectric generators (TEGs) for 

temperature differences, piezoelectric components for vibration, 

photovoltaic cells for sunlight (or room lighting), etc. These energy 

sources are converted into electricity and can even use the electricity 

generated by the humid gas. Below I have listed several commonly used 

outdoor energy sources for wireless sensor network. 

2.1.1.1 Solar energy 

As a new renewable energy source, solar energy has the advantages of 

being clean, environmentally friendly, sustainable, and long-lasting. It 

has become one of the important options for coping with energy 

shortages, climate change, and energy saving and emission reduction. Its 

large-scale utilization can effectively reduce the use of fossil energy. 

According to a study of the world's primary energy alternatives, solar 

energy entered a period of rapid development in the early 21st century 

and reached 30% by 2050, second only to nuclear energy, and will replace 

nuclear energy in the first place by the end of the 21st century. Therefore, 

the development and utilization of solar energy It will become the 

mainstream of energy use in the future. 

Compared with conventional energy sources. Solar energy has certain 

advantages and also has some drawbacks. 

Advantages of Solar Energy Disadvantages of Solar Energy 

Renewable Energy Source Dispersion 
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Abundant reserves Discontinuity and instability 

Long-term low efficiency 

Universality high cost 

Clean and safe Lower production in the Winter 

Economical Additional DC 

Table2.1: Comparison advantage and disadvantage of solar energy 

2.1.2 Energy Harvester  

Solar energy as the main energy source of the project, there is no doubt 

that photovoltaic cells are energy collectors. Solar panels are those devices 

which are used to absorb the sun's rays and convert them into electricity. 

A solar panel is actually a collection of solar (or photovoltaic) cells, which 

can be used to generate electricity through photovoltaic effect. These cells 

are arranged in a grid-like pattern on the surface of solar panels [10].  

Most solar panels are made up using crystalline silicon solar cells.  

They decrease our reliance on fossil fuels (which are limited) and 

traditional power sources.  

However, the only major drawback of solar panels is that they are quite 

costly. Also, solar panels are installed outdoors as they need sunlight to 

get charged. Thus, how to choose a suitable solar panel is much important 

to reduce the costly, that is also our objective of this project. 

2.1.3 Energy Storage 

Capacitor energy storage is the most common method of energy storage, 

but the capacitance is usually very small, so the stored power is not much.  

Supercapacitor, also known as electric double layer capacitor, 

electrochemical capacitor, farad capacitor, gold capacitor, is an 

electrochemical element based on the theory of interface electric double 

layer proposed by German physicist Helmholz [11], which the energy 

storage process does not have a chemical reaction. The storage of energy 

through the polarized electrolyte, and the energy storage process is 

reversible, so the supercapacitor can be repeatedly charged and 

discharged hundreds of thousands of times [12].  

As an emerging energy storage device, the supercapacitor has advantages 

of long cycle life, high charge and discharge speed, high charge and 
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discharge efficiency, high and low temperature performance, simple and 

accurate energy detection, environmental protection and no pollution. 

Capacitor storage is generally used in ultra-low-power systems. For some 

applications with slightly higher power consumption, capacitive storage 

can no longer meet the system's energy requirements. With the 

development of materials science and manufacturing processes, Super 

Capacitor has emerged. In general, the capacity of a supercapacitor can 

reach the farad level and guarantee sufficient 

The storage space can meet the slightly higher power consumption sensor 

network applications. The process of capacitor storage of energy is 

actually the process of capacitor charging. In the process of capacitor 

charging, the capacitor has no requirement for the input current voltage, 

even a very weak voltage and current can be accumulated in the capacitor. 

Compared with the batteries (as Table shown below) used in the past, in 

addition to the advantages of low cost, long life, the non-pollution 

characteristics have become an important factor for supercapacitors to 

replace batteries. Conversely, the advantages of batteries in terms of 

storage capacity are gradually lost due to system power consumption 

reduced and capacitance capacity increased. Therefore, in this design, the 

energy storage method uses a supercapacitor for storage. 

Parameters Supercapacitor AA Rechargeable battery 

Storage mechanism Physical Chemical 

Charge time 1—10 seconds 1—4 hours 

Cycle life Minimum 10,000 cycles 300—1,000 cycles 

Energy density(Wh/L) 50—60 100 to 200 

Power density(W/L) 10,000 35 to 300 

Cost per Wh $0.30  0.5$ — 1.0$ 

Service life  10 to 15 years 1 to 2 years 

Disposal  Environmentally friendly Harmful to environment 
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Table2.2: Comparison of supercapacitor and battery 

2.1.5 Energy Consumption 

In this project, the consumption of energy is mainly generated by the 

sensor node. It consists of two parts: the radio transmitter and the sensor. 

In addition, the self-leakage of the capacitor should also be considered. 

There are several factors that affect the power consumption 

characteristics of a wireless sensor node energy harvesting system. Table 

2.3 outlines these factors.     

Wireless Sensor Node Components Factors that affect power consumption 

Power supply Discharge rate, 

  Energy storage element size 

 power supply voltage 

 Material 

 Efficiency 

Sensors Conversion of physical signals to electrical 

signals 

 Signal sampling 

 Signal conditioning 

ADC Sample rate 

 Aliasing 

 High frequency jitter 

Microcontroller Operating frequency 

 Operating Voltage 

 Ambient temperature 

Wireless unit Data rate 

 Transmission distance 

 Duty cycle 
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Table2.3: Factors that affect power consumption 

Here we choose LORA as a sending element (which will be described in 

chapter 2.2.2). The sensor is selected according to the actual application. 

2.1.4 Main Framework 

In this project, the main use is the Buck and Boost converter circuit, the 

block diagram is as follows figure 2.6. Since the voltage of the 

photovoltaic panel is limited by the light intensity and temperature, the 

voltage of the supercapacitor will also change with the charge and 

discharge conditions. Therefore, the voltage regulator must be in this 

system, and on the other hand, it is also the protection of the components. 

Prevent overvoltage damage to components. Here I choose the LTC3129 

as the Buck DC-DC converter, TPS610981 as the boost DC-DC converter. 

They all will be completely introduced in next subchapter 2.3 and 2.4. 

 

Figure2.6: Main framework 

2.2 Related Things Involved 

2.2.1 Mbed 

Arm Mbed IoT Device Platform gives you the embedded operating 

system, transport security and cloud services to create connected 

embedded solutions. Arm Mbed is the idea that the Internet of Things 

(IoT) is a collaboration between the people who make things, the people 

who use things and the people who make the services all these things use. 

Arm created a solution to help lead sustainable growth within the IoT and 

named it Mbed [13].  

Mbed has a large community of developers, an ecosystem of open source 

IoT code, a network of hardware partners, and products and services that 

serve the IoT market. 
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Figure 2.7: How is the mbed work. 

2.2.2 Lora  

LoRa is one of LPWAN (Low Power Wide Area Network, LPWAN) 

communication technologies and is a kind of ultra-long-range wireless 

transmission scheme based on spread spectrum technology adopted and 

promoted by Semtech Company in the United States. This solution has 

changed the trade-off between transmission distance and power 

consumption in the past, providing users with a simple system that can 

realize long-distance, long battery life and large capacity, thereby 

expanding the sensing network. At present, LoRa mainly operates in the 

global free frequency band, including 433,868,915 MHz and so on. 

LoRa technology with long-distance, low power consumption (long 

battery life), multi-node, low-cost features [13].  

2.2.3 Sensor 

SCXL-MaxSonar-WR/WRC sensor 

The SCXL-MaxSonar-WR/WRC sensor line includes an effective self-

cleaning capability designed to reduce the impact of condensation in 

closed or high-moisture (dew, frost, etc.) environments. This sensor is a 

cost-effective solution for applications where precision range-finding, 

low-voltage operation, space saving, low-cost, self-cleaning, and IP67 

weather resistance rating is needed. This sensor component module 

allows users of other, more costly precision rangefinders to lower the cost 

of their systems without sacrificing performance. 

The SCXL-MaxSonar-WR/WRC self-cleaning sensor line provides high 

accuracy and high-resolution ultrasonic proximity detection and ranging 

in air, with an IP67 weather resistant rating. This sensor line features 1-
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mm resolution, target-size and operating-voltage compensation for 

improved accuracy, superior rejection of outside noise sources, internal 

speed-of-sound temperature compensation and optional external speed-

of-sound temperature compensation. The SCXL-MaxSonar-WR/WRC 

self-cleaning models are available in 5-meter. This ultrasonic sensor 

ranges to objects from 30-cm* to maximum range. Objects closer than 30-

cm* are typically reported as 30-cm* [14].  

Solar Radiation Sensor 

The Solar Radiation Sensor, or solar pyranometer, measures global 

radiation, the sum at the point of measurement of both the direct and 

diffuse components of solar irradiance. The sensor’s transducer, which 

converts incident radiation to electrical current, is a silicon photodiode 

with wide spectral response. From the sensor’s output voltage, the 

console calculates and displays solar irradiance. It also integrates the 

irradiance values and displays total incident energy over a set period of 

time [15].  

2.3 Buck-Boost Click 

In this project, since the output voltage of the photovoltaic panel we used 

can reach 5.5V, when the light intensity changes, the output voltage will 

also change. However, the supercapacitor we use is 2.7V, so in order to 

protect the capacitor. 

Buck-Boost click features LTC3129-1, a buck-boost DC/DC conversion 

integrated circuit from Linear Technology®. The click supports a wide 

input voltage range and can output eight discrete regulated output 

voltage levels, selectable by the digital output voltage selection pins, 

ranging from 2.5V to 15V [16].   

The main features of this converter are its very low noise and low ripple 

at the output, as well as very high regulating efficiency and low quiescent 

current. Those features make the Buck-Boost click a perfect solution for 

the regulators and post-regulators for harvested energy, solar panel post-

regulators/chargers, rechargeable battery output voltage regulators, 

wireless low noise applications and similar. 

2.4 Boost Converter 

Because LORA is used as the experimental load, the load voltage is 3.3V. 

Since the voltage of the super capacitor changes with the capacity, it 
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needs to be boosted and stabilized at 3.3V, so I choose TPS610981 Boost 

DC-DC converter. 

The TPS61098 provides an ultra-low quiescent power supply solution for 

products powered by either a single cell or two-cell alkaline, one-cell coin 

cell battery or one-cell Li-Ion or Li-polymer battery. It integrates a load 

switch or LDO and can provide two separate output power rails. The 

main output VMAIN is an always-on output with 2V minimum voltage, 

and the additional output VSUB is the output of internal load switch or 

LDO, designed to supply a peripheral device. 

The TPS61098 can provide total output currents up to 30 mA at a 3.3V 

output even when input voltage is decreased to 0.7V. The boost is based 

on a hysteretic controller topology using synchronous rectification to 

obtain maximum efficiency at minimal quiescent currents [17]. 

2.5 Switch MAX4751 

Because in order to save unnecessary losses, here we use a switch to turn 

off the sensor, before entering sleep mode, to achieve lower loss, as shown 

below. In this project, I use MAX5751 as switch that is 0.9Ω, Low-Voltage, 

Single-Supply Quad SPST Analog Switches, the top view be shown as 

figure2.8. 

 

 

Figure 2.8: Top View of Switch. 
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3 Methodology  
3.1 Photovoltaic 

The photovoltaic effect occurs in solar cells. These solar cells are 

composed of two different types of semiconductors a-type and an n-type 

- that are joined together to create a p-n junction. (The solar cells are 

composed of two different type of semiconductor the n-type and the p-

type which joined together creating a p-n junction). By joining these two 

types of semiconductors, an electric field is formed in the region of the 

junction as electrons move to the positive p-side and holes move to the 

negative n-side. This field causes negatively charged particles to move in 

one direction and positively charged particles in the other direction [18]. 

Light is composed of photons (the light is made by photons.), which are 

simply small bundles of electromagnetic radiation or energy. These 

photons can be absorbed by a photovoltaic cell - the type of cell that 

composes solar panels [19]. When light of a suitable wavelength is 

incident on these cells, energy from the photon is transferred to an atom 

of the semiconducting material in the p-n junction. Specifically, the 

energy is transferred to the electrons in the material. This causes the 

electrons to jump to a higher energy state known as the conduction band. 

This leaves behind a "hole" in the valence band that the electron jumped 

up from. This movement of the electron as a result of added energy 

creates two charge carriers, an electron-hole pair. 

When unexcited, electrons hold the semiconducting material together by 

forming bonds with surrounding atoms, and thus they cannot move. 

However, in their excited state in the conduction band, these electrons are 

free to move through the material. Because of the electric field that exists 

as a result of the p-n junction, electrons and holes move in the opposite 

direction as expected. Instead of being attracted to the p-side, the freed 

electron tends to move to the n-side. This motion of the electron creates 

an electric current in the cell. Once the electron moves, there's a "hole" 

that is left [20]. This hole can also move, but in the opposite direction to 

the p-side. It is this process which creates a current in the cell [21].  A 

diagram of this process can be seen in Figure 3.1. 
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Figure 3.1: The process of the photovoltaic. 

3.2 MPPT 

The task of Maximum Power Point Tracking is to adjust the working 

point of the solar panel by changing the equivalent load brought by the 

solar panel in the environment where the temperature and the irradiation 

intensity vary, so that the solar panel can work at the maximum output 

power point. As Figure 3.2 shown below. 

The MPPT is short for Maximum Power Point Tracking, and the MPPT 

controller detects the voltage generated by a solar panel in real time and 

tracks the highest voltage-current value (VI) to allow the system to charge 

with maximum efficiency. Applied to solar photovoltaic systems, 

coordination of solar panels, batteries, load the work is a very important 

component of the photovoltaic system 

For this project, the use of MPPT is also accompanied by a certain loss. 

Although the use of MPPT can make the system performance better, it 

has undeniable advantages, but in order to make the optimization system 

more durable, so the performance of the requirements is not very high, so 

I did not use MPPT. This depends on where your project focuses. 
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Figure 3.2: MPPT Advantage. [22] 

3.3 Supercapacitor 

Supercapacitors are complicated due to the formation mechanism of the 

internal resistance and capacitance, so the related literature puts forward 

many application models of supercapacitors. Among them, RC circuit 

model shown in Figure3.3 is the simplest one, including the ideal 

capacitor C, equivalent series resistance Rs and equivalent parallel 

internal resistance Rp. Equivalent series resistance Rs represents the total 

series resistance of the supercapacitor. During the charging and 

discharging process, energy loss occurs. This loss is generally expressed 

in the form of heat. In addition, the presence of Rs causes the terminal 

voltage to fluctuate, creating a voltage ripple. The equivalent parallel 

internal resistance Rp reflects the total leakage of the supercapacitor and 

generally only affects the long-term energy storage process, which is 

called leakage resistance. The time constant of the super-capacitor self-

discharge circuit is as long as tens of hours or even hundreds of hours, 

which is much higher than the time constant of charge and discharge. 

Moreover, in practical applications, supercapacitors are generally 

connected to the power supply through a power converter and are in a 

rapid and frequent charge-discharge cycle, so Rp effects can be ignored. 

[23] 

When the supercapacitor is discharged at a constant current I, the 

quantity Q is equal to the product of the capacity C and the voltage drop 

ΔUc within the rated time, as shown in equation (1). Therefore, the 
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capacity value of the super capacitor bank can be calculated according to 

equation (2). 

 

Q = ∆Uc · C = I · ∆t                     (1) 

Q = I · ∆t/∆Uc                        (2) 

 

 

Figure3.3: Supercapacitor model 
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4 Implementation of simulation 

This chapter is mainly about how to set up a complete simulation module, 

including the photovoltaic properties; charge and discharge circuit; load 

etc. In order to match the actual hardware as much as possible, to get 

more reliable simulation data. 

4.1 PV Model Establishment  

Photovoltaic board equivalent circuit diagram, as shown below figure (4.1).

 

Figure 4.1: PV board equivalent circuit diagram. 

Where: 𝐼𝑆𝐶  is the photo-current generated by the panel. 

  𝐼𝐷 is the diode current 

  𝑅𝑠ℎ is equivalent parallel resistance 

  𝑅𝑠  is equivalent series resistance 

  𝑉𝑜 is the output voltage 

So, the V-I expression: 

  𝐼𝐿 =   𝐼𝑠𝑐 −   𝐼𝐷 −   𝐼𝑠ℎ                       Formula (1) 

  𝐼𝐷 =   𝐼𝑠𝑎𝑡[exp (
𝑞(𝑉+  𝐼𝑅𝑠)

𝐴𝐾𝑇
)]               Formula (2) 

  𝐼𝑠ℎ =
  𝑉𝑜+𝐼𝑅𝑠

  𝑅𝑠ℎ
                                      Formula (3) 

where   𝐼𝑠𝑎𝑡  is the verse current of the diode. 

A is the ideal diode 

q = 1.6 × 1019𝐶 

K = 1.38 × 10−23𝐽/𝐾 (Boltzmann tried) 
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The engineering model of PV array is helpful to build simulation model 

So, assume   𝑅𝑠ℎreally large and ignore the   𝐼𝑠ℎ , The PV array outputs 

short-circuit current   𝐼𝑠𝑐 

We can get the formula: 

      𝐼𝑜 =   𝐼𝑠𝑐[1 − 𝐶1(𝑒𝑥𝑝
  𝑉𝑜

𝐶2·  𝑉𝑜𝑐 − 1)     Formula (4) 

Where the constant C1, C2 

   𝐶1 = (1 −
  𝐼𝑚

  𝐼𝑠𝑐
)𝑒𝑥𝑝

−
𝑉𝑚

  𝐶2·  𝑉𝑜𝑐                  Formula (5) 

     𝐶2 =
  𝑉𝑚

  𝑉𝑜𝑐−1
· [log (1 −

  𝐼𝑚

  𝐼𝑠𝑐
)]

−1

           Formula (6) 

In equation (4)(5)(6),   𝑉𝑜𝑐 is the open circuit voltage,  𝐼𝑚  and  𝑉𝑚 are the 

maximum power point of the current with voltage, considering the 

temperature and the intensity change. Equation (4) is corrected as follows 

 𝐼𝑜 =  𝐼𝑠𝑐 [1 −  𝐶1 (𝑒𝑥𝑝
 𝑉𝑜− 𝐷𝑣
 𝐶2· 𝑉𝑜𝑐 − 1)] +  𝐷𝐼    Formula (7) 

Where DI and DV are the output current and voltage of the PV array due 

to the change of light intensity S and temperature T, respectively, and 

their expressions are as follows 

    𝐷𝐼 = 𝛼
𝑆

 𝑆𝑟𝑒𝑓
·  𝐷𝑇 +  𝐼𝑠𝑐(

𝑆

 𝑆𝑟𝑒𝑓
− 1)              Formula (8) 

        𝐷𝑉 = −𝛽 ·  𝐷𝑇 −  𝑅𝑠 ·  𝐷𝐼                         Formula (9) 

The DT in Equation (8)(9) is the difference between the actual temperature 

TC of the PV array and the standard temperature 

        𝐷𝑇 =  𝑇𝑐 −  𝑇𝑟𝑒𝑓                                      Formula (10) 

The relationship between the actual temperature Tc of the photovoltaic 

array and the ambient temperature Ta and the actual light intensity is as 

follows 

      𝑇𝐶 = 𝑇𝛼 − 𝛾𝑅                                           Formula (11) 

The above formula α, β, γ  are the PV array current temperature 

coefficient, the voltage temperature coefficient, the module temperature 

coefficient.  𝑅𝑟𝑒𝑓 and  𝑇𝑟𝑒𝑓 are the standard intensities of the PV array and 

the standard ambient temperature, typically 1000W/m2 and 25°C. 
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By introducing the principle of photovoltaic characteristics before, we can 

establish a mathematical module of photovoltaic cells in Matlab as shown 

below.  According to the PV model we can get the relationship between 

voltage; current; power and solar irradiation intensity as shown figure. 

From the figure we clearly see that with a certain voltage, as the solar 

intensity increases, the current and output power of the photovoltaic cell 

also increases. This means that the greater the solar intensity, the faster 

the charging rate increases. 

 

Figure4.2: Equivalent circuit of PV Panel in Simulink 

 

Solar Panel 

Subsystem 
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Figure 4.3: Solar Panel Subsystem. 

 

Figure 4.4: Calculation of I𝑚 

 

Figure 4.5: Calculation of V𝑚 

 

Figure 4.6: Calculation of I𝑠𝑐 
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Figure 4.7: Caculation of 𝐕𝒐𝒄 

4.2 Main circuit 

The circuit consists of a charging section and a discharging section. The 

photovoltaic panel is used as a power source to charge the super capacitor 

and drop the voltage of solar panel to a suitable voltage through the Buck 

DC-DC converter. Since the load voltage is 3.3V and the supercapacitor is 

not a stable voltage source, a Boost regulator is used to ensure that the 

load is powered.  

4.2.1 Charge Section 

The circuit of the whole charging part is a Buck circuit. Since the output 

voltage of the photovoltaic panel increases with the increase of the solar 

intensity, and the super capacitor used is 2.7V, the voltage value needs to 

be stabilized at about 2.7V. Therefore, the basic topology of the buck 

circuit DC-DC is used in the simulation. 

 

Figure 4.8: Charge Circuit 

4.2.2 Discharge Section 

In the discharge section, under the premise that we use a load of 3.3V, a 

boost regulator circuit is used to supply 2.7V to 3.3V to supply the load. 
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Because the super capacitor is not a regulated power supply, and the 

capacitor capacity is proportional to the voltage value. 

 

Figure 4.9: Discharge Circuit 

 

4.2.3 Complete Circuit Establish 

This is a complete charge and discharge circuit. In order to simulate closer 

to real objects, the conversion efficiency of the two integrated chips is 

about 80%, so I use the equivalent resistance instead of the two integrated 

chips in the simulation. 

The steady-state model is the basis of circuit simulation and cannot be 

ignored. 

1) First, build a basic simulation model framework. Open loop debugging 

circuit, get the basic model. 

2) No-load, fixed solar intensity to charge the super capacitor, adjust the 

charge PI ring, get the basic parameter information. 

3) Do not connect the solar panel to simulate the discharge of the super 

capacitor in the evening and adjust the PI loop on the boost side in the 

steady state. 

Finally get a simulation model closest to reality as shown in the figure 

4.12 below. 
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Figure 4.10: Complete Circuit 
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5 Implementation of Hardware 
5.1 Hardware Connection for programming  

First of all, I choose mbed as a development platform, mbed is an open 

platform, a development platform based on ARM Cortex-M MCU 

development. And I choose the SCXL-MaxSonar-WR/WRC self-cleaning 

sensor as a detect tool, Lora as a sending device. （See chapter 2 for 

details about all components） 

And then I need to mdot installed on the development board and 

understand the function of each pin (as picture below). 

 

Figure 5.1: How to Installed mdot. [21]          Figure 5.2: Mdot pins. [21] 

The figure below shows the wiring diagram of each component by 

reading datasheet, it can be clearly seen how the wiring. 

 

Figure 5.3: Wire diagram. 
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Figure 5.4： The actual connection diagram. 

5.2 Programming 

From the below flow chart can clearly see the main function of this 

project is to detect the distance between the garbage and the top of bin 

by ultrasonic sensor. When the garbage is almost full, the detected 

distance is small, and I set it to 400mm. After that, it will automatically 

send information to the gateway and then go into sleep mode. I set it to 

sleep for 5 minutes, that is mean detect every 5 minutes. When the 

distance is more than 400mm, no need to send a message directly into 

sleep mode and wake up automatically after 5 minutes. (See the 

appendix for the detailed code). 

5.3 Consumption 

According to the introduction in the previous chapter, in this project, the 

load is mainly composed of LORA and sensor. In order to put the LORA 

into sleep mode while the sensor stops working, a switch is added here. 

The sensor is controlled by setting the high and low to reduce the 

consumption and save energy. The physical display is as follows figure 

5.8. In order to measure the energy consumption of the entire circuit, it is 

necessary to monitor and measure the current change of the whole 

process. Use the Agilent 34410 multimeter to measure the current change 

of the system for one period and import it into matlab. 
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Figure 5.5: Logic of the Function. 

 

Figure 5.6: Complete physical connection diagram. 

5.4 Detect the integrated chip 

First functional study of the integrated chip in the laboratory 

environment, fluorescent lamp as a light source, to detect whether the 

Buck DC-DC converter can stabilize the photovoltaic panel output 

voltage to the required voltage value. Using a multimeter to monitor the 

output voltage of the chip while changing the intensity of the light and 

monitoring it with a light intensity sensor to find the critical value. Here 

I got the critical value is 30W/m2 for start up the chip. 
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Figure 5.7: Physical experiment display 

5.5 Complete circuit connection 

5.5.1 Specification of the components Used 

Solar panel: 

Parameter Value 

Voc 8.2V 

Isc 0.27A 

Im 0.32A 

Vm 6.4V 

Table 5.1: Parameter of solar panel 

Supercapacitor: 

Parameter Value 

Rated Voltage 2.7V 

Capacitance 100F 

Leakage current  1mA(78hours) 

Specific Energy 5.79 Wh/Kg 

Distance 

Sensor 

Switch

 

LORA 

 

Agilent 34410 
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Table 5.2: Parameter of supercapacitor 

Solar Radiation Sensor： 

 

Figure 5.8: Solar radiation pin diagram 

Parameter Value 

Operating Temperature -40 to +65°C 

Green Wire Output (0 to +3V dc);  

1.67mV per w/m² 

Red Wire Ground 

Yellow wire +3V dc(±10%)；1mA typical 

Table 5.3: Parameter of solar radiation sensor 

5.5.2 Actual Connection 

Through the above content, we will physically link together as shown 

below Figure 5.10, and then the entire system is placed in the best solar 

light house in my apartment as shown Figure 5.11. 
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Figure 5.9: Actual circuit completely connection 

 

Figure 5.10: Detecting in real condition 

Solar 

panel 

Solar Radiation Sensor 

Distance Sensor 

Switch 

BUCK

 

Boost 

Supercapacitor LORA 
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6 Results 
This chapter I will show you the result of the project. 

6.1 The Results of Simulation 

Figure show the plot of I-V and P-V characteristics of the PV Panel 

under different values of solar irradiation intensity. The detailed model 

is present in section 4.1. And the parameter of PV module is shown in 

figure 6.1. As can be seen from the figure, as the solar intensity 

increases, the output current and output power of the photovoltaic 

panel also increase. 

  

Figure 6.1: Parameter of PV Module 

Temperature=0, Solar Irradiation=1000 as following figure shows: 
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Figure 6.2: U-P/U-I Curve. 

Temperature=25; Solar Irradiation=1000 

 

Figure 6.3:  U-P/U-I Curve. 

 

Temperature=50; Solar Irradiation=1000 
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Figure 6.4: U-P/U-I Curve. 

 

 

 

 

 

Temperature=25; Solar Irradiation=600 

 

Figure 6.5: U-P/U-I Curve. 

Temperature=25; Solar Irradiation=300 
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Figure 6.6: U-P/U-I curve. 

According to the above graphs we can get the output voltage be changed 

when the temperature from 0 to 50. The 25°C is better temperature than 

0 and 50°C. 

When change the solar Irradiation, we can get the open circuit current 

and the maximum power was being affected. 

When the solar panel output voltage is relatively small, with the voltage 

changes, the output current change is small; when the voltage exceeds a 

certain threshold to continue to rise, the current dropped sharply. The 

output power of the solar photovoltaic array then has a process of first 

increasing and then decreasing with the increase of the output voltage. 

 

 

Figure 6.7: Charging current in 300W/m2 
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Figure 6.9: The relationship between solar intensity and charging current 

 

 

Figure 6.10: The relationship between solar intensity and charge rate 
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Figure 6.12 Discharge current and discharge rate of super capacitor with different 

voltages under the same capacity 

 

 

Figure 6.13：Discharge current and discharge rate of super capacitor with different 

capacity under the same voltage 

6.2 The Result of Real Condition and Function 

6.2.1 The result of load consumption 

Current change curve as shown figure (). From the figure we can see that 

the minimum sleep current is very low, about 45uA, the maximum 
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current is about 66mA. Then perform data processing on the current and 

calculate that the average current  𝐼𝑎𝑐𝑡𝑖𝑣𝑒   is about 30mA in 9s. In this 

project, the sleep time is determined by the size the LORA's sending 

frequency, because the sending frequency set during the experiment is 5 

minutes, so  𝑇𝑠𝑙𝑒𝑒𝑝 is 300s here. 

Therefore the consumption of one period：  

Q = IT = 𝐼𝑎𝑐𝑡𝑖𝑣𝑒 · 𝑇𝑎𝑐𝑡𝑖𝑣𝑒 + 𝐼𝑠𝑙𝑒𝑒𝑝 · 𝑇𝑠𝑙𝑒𝑒𝑝 

𝐼𝑎𝑐𝑡𝑖𝑣𝑒 = 30𝑚𝐴 = 0.03𝐴 

𝑇𝑎𝑐𝑡𝑖𝑣𝑒 = 9𝑠 

𝐼𝑠𝑙𝑒𝑒𝑝 = 45𝑢𝐴 = 0.000045𝐴 

𝑇𝑠𝑙𝑒𝑒𝑝 = 300𝑠 

Q = IT = 𝐼𝑎𝑐𝑡𝑖𝑣𝑒 · 𝑇𝑎𝑐𝑡𝑖𝑣𝑒 + 𝐼𝑠𝑙𝑒𝑒𝑝 · 𝑇𝑠𝑙𝑒𝑒𝑝 

    = 0.03𝐴 · 9𝑠 + 0.000045𝐴 · 300𝑠 

    = 0.27𝐶 + 0.0135𝐶 = 0.2835C 

 

Figure 6.14: Sensor node consumption in one period 

6.2.2 The result of function 

In the following two figures, the underlined font is the detection time, 

and the font of the circle is the detected distance. In this process a total of 

four tests, the distance is 300mm, 800mm, 1131mm, 300mm. 
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Figure 6.15: Serial monitor screenshot 
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Figure 6.16: Serial monitor screenshot 

According to the function of logic, only in the case of less than 400mm, 

will send a message, so get the result of this picture below. According to 

the underlined time can show that only less than 400mm, will send data, 

and the time error is relatively small. 

 

Figure 6.17: The gateway received the sent message 

Therefore, we can confirm that our functional realization is in accordance 

with the logic design of the program and is successful. 
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6.2.3 The result of hardware in real condition 

By using the solar intensity sensor for long-term monitoring of the 

Sundsvall 853 52, we measured the daylight intensity changes as shown 

in the figure below. Cause of the BUCK chip we use requires a certain 

starting power, through test get the value is more than 30 W/m2 of solar 

intensity to start the chip.  Therefore, the charging time is about 11 hours. 

Since the placement of the solar panel is limited and some of the time will 

be blocked, the actual charging time does not reach 12 hours. Here, we 

assume that the daily charging time and discharge time are 12 hours. 

Calculate the light intensity of 05-12 07:10—05-12 18:57 and get the 

average solar intensity of about 300W/m2. Calculate the light intensity of 

18:57—07:19 to get the average solar intensity at night is 9.37W/m2.

 

Figure 6.18: Solar Irradiation Intensity in Real Condition 

We intercept the interval 250W-350W, according to the time of the figure 

can determine the length of this interval is about 35 minutes, the voltage 

rises from 1.13V to 2.47V. 

V=（2470mV-1130V）/(35·60s)=0.63mv/s 

When the light intensity is lower than 30W/m2, it is the discharge mode. 

The night discharge time from 05-12 18:57-05-13 07:19 is about 12 hours. 

The data obtained by monitoring the voltage of the super capacitor is 

shown in the figure below: Voltage value from 2.7V to 2.06V in 12 hours, 

and LORA's sending frequency is 300s each time, so the discharge rate 

that can be achieved is: V=640mv/12h=0.15mv/s 
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Figure 6.19: Night voltage curve 
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7 Method of Optimization  
This chapter compares the simulation with the actual measurement and 

determines the most suitable solar panel by the ratio of charge rate to 

discharge rate.  

7.1 Comparison between simulation and real condition 

From the above results, it can be seen that the simulation results show a 

charge rate of 0.7 mV/s at a solar intensity of 300 W/m 2 and a discharge 

rate of about 0.16 mv/s. The actual measurement results in a charge rate 

of 0.63. mv/s, the discharge rate is 0.15mv/s. It can be roughly similar, but 

due to the room lighting is limited, and the super capacitor self-discharge 

factor, resulting in a specific small error, but acceptable. So, the 

simulation model is feasible. 

7.2 Suitable Size of Solar Panel 

we change the size and parameters of the board and simulate the data 

under the premise of detection the solar intensity. We can see that the 

different size of panel has different charge rate. But in order to avoid the 

unnecessary waste, we need to choose the suitable size of solar panel. 

   Parameter of Solar 

panel 

Solar irradiation Current 

from Solar 

panel 

Supercapacitor 

charging rate 

Size(mm) open 

Voltage/sho

rt current 

300W/m2 72mA 0.7mV/s 81*137 8.2V/0.32A 

300W/m2 60mA 0.58mV/s 80*110 5V/0.2A 

300W/m2 30mA 0.2mV/s 60*80 6V/0.1A 

300W/m2 45mA 0.45mV/s 60*90 5V/0.15A 

Table 7.1: Different parameter of the different Size of panel 

Due to the difference between daytime and nighttime in different regions 

in different seasons, in this project, we assume that both day and black 

are 12 hours. When the charge rate and discharge rate are the same, then 

the size of the solar panel is the most appropriate, but considering some 
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rain and snow conditions, in order to ensure the system has better 

performance, so the charge rate is 2-3 times the discharge rate Reliable 

Simulating different solar intensities to get different value in Table and 

plot it get the charge current diagram. As show in Figure (7.2). 

 

Table 7.2: data from simulation 

Table 7.3: Discharge current and discharge rate of super capacitor with different 

voltages under the same capacity 

Supercapacito

r Voltage 

Capacity 

(F) 

Discharge current 

(mA) 

Discharge rate 

(mv/s) 

2.7 100 8.03 0.18 

2.7 50 7.7 0.12 

Solar 

Intensity(W/m2

) 

Output 

Current of 

PV (mA) 

Charging 

current of 

SC(mA) 

Charging 

Rate of 

SC(mV/s) 

Note 

700 204.2 205 2 Parameter 

of PV 

81*137 

8.2_6.4V 

0.32_0.27

A 

600 173.5 175 1.7 

500 133.3 132 1.3 

400 95．3 95 0.9 

300 72.7 70 0.7 

200 44.4 45 0.4 

100 24.1 24 0.2 

50 15.9 15.9 0.1 

Supercapacitor 

Voltage 

Capacity (F) Discharge current 

(mA) 

Discharg

e rate 

(mv/s) 

2.7 100 8.03 0.18 

2 100 8 0.14 

1.5 100 7.05 0.12 

1 100 6.57 0.11 
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2.7 20 6.1 0.091 

2.7 10 5 0.089 

Table 7.4: Discharge current and discharge rate of super capacitor with different 

capacity under the same voltage 

So, in this project charge rate is 0.7mv/s, discharge rate is 0.16mv/s so that 

0.7/0.16=4.375 is mean that the solar panel is quite big. We can use the 

6V/0.1A solar panel to get the same performance and reduce the 

unnecessary waste. 
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8 Conclusion 
In this work the main direction of this project is how to choose the most 

appropriate board and capacitor size, thereby reducing unnecessary 

waste. In wireless sensor networks, the current loss of the load, the loss 

of the sensor node has dropped to a very low value, how to save energy 

and protect the environment is the main theme of this project. In this 

project, the supercapacitor we chose as the energy storage component has 

great advantages in terms of environmental protection and life cycle. 

However, because it is not a stable voltage source, it needs to be stabilized 

with a certain degree of stability. In the issue of using MPPT, we have also 

considered it carefully, considering saving energy, and thus waiving the 

use of MPPT. Through the simulation and the actual measurement of the 

actual comparison, by using the speed of charge and discharge to 

determine whether to meet the normal work of the node. 

From the above results, it can be seen that the simulation and the actual 

comparison are similar. Through the method of controlling variables, a 

rough estimate can be made based on the actual weather conditions in the 

area, geographical location, etc., and the light intensity in the area can be 

estimated. Below, the choice of how big a solar panel is more appropriate, 

roughly, the charging rate is 2-3 times of the discharge rate is more 

reasonable, according to the actual situation of the actual number of load 

sensors. 

In short, if the reference value obtained by the model has a certain 

reference significance, it is considered that the model is feasible. 



46 

References 
Here follows an example of an automatically numbered list of references 

according to the numbered list and cross references method. 

[1] M.A. Matin and M.M. Islam, “Overview of Wireless Sensor 

network” vol. 1, no. 4, pp. 1, Sep. 2012. 

[2] Sebastian Bader, Bengt Oelmann , “Short-term Energy Storage for 

Wireless Sensor Networks Using Solar Energy Harvesting “. 

[3] Randall, J. F., & Jacot, J. (2002). The performance and modeling of 

8 photovoltaic materials under variable light intensity and 

spectra. In World Renewable Energy Congress VII & Expo (No. 

LPM- CONF-2002-006).  

[4] LiPing Guo; Brett Speiser; Andrew Brewer, Northern Illinois 

University” DESIGN AND IMPLEMENTATION OF A SOLAR 

BATTERY”,2010.    

[5] Abiheshek Chauan department of Electrical Engineering National 

Institute of Technology,Rourkela “MPPT CONTROL PV 

CHARGING SYSTEM FOR” 2014.    

[6] “Battery-Supercapacitor Hybrid Storage Scheme for Long-Life 

Solar Powered” vikrant Jun 2017.    

[7] https://baike.baidu.com/item/%E5%A1%9E%E8%B4%9D%E5%85

%8B%E6%95%88%E5%BA%94/2771007?fr=aladdin 

[8] https://en.wikipedia.org/wiki/Thermoelectric_effect#/media/File:Therm

oelectric_Generator_Diagram.svg 

[9] https://baike.baidu.com/item/%E5%8E%8B%E7%94%B5%E6%95

%88%E5%BA%94/4515291#reference-[1]-249682-wrap 

[10] https://economictimes.indiatimes.com/definition/solar-panel 

[11] T.Ungan,L.M.Reindl,Harvesting Low Ambient RF-Source for 

Autonomous Measurements Systems, International 

Instrumentation and Measurement Technology Conference 



47 

Proceedings, Victoria, Canada, pp. 62-65, May 12-15, 2008.ISBN: 

978-1-4244-1540-3 

[12] https://www.mbed.com/en/about-mbed/what-mbed/. Retrieved 

2018-01-09.    

[13] https://www.maxbotix.com/documents/SCXL-MaxSonar- 

WR_Datasheet.pdf.   Retrieved 2018-01-12.    

[14] http://www.davisnet.com/product_documents/weather/spec_she

ets/6450_SS.pdf 

[15] https://www.mikroe.com/buck-boost-click 

[16] http://www.ti.com/tool/TPS610981EVM-674 

[17] http://energyeducation.ca/encyclopedia/Photovoltaic_effect    

[18] Mr. Solar. (August 13, 2015). Photovoltaic Effect [Online]. 

Available: http://www.mrsolar.com/photovoltaic-effect/    

[19] G. Boyle. Renewable Energy: Power for a Sustainable Future, 2nd 

ed. Oxford, UK: Oxford University Press, 2004    

[20] Created internally by a member of the Energy Education team. 

Adapted from: Ecogreen Electrical. (August 14, 2015). Solar PV 

Systems [Online]. Available: 

http://www.ecogreenelectrical.com/solar.htm    

[21] https://www.researchgate.net/figure/V-characteristics-of-MPPT- 

charge-controller-system_fig1_50384380  

[22] Carrasco J M，Franquelo L G，Bialasiewicz J T，et al. 

PowerElectronic Systems for the Grid Integration of Renewable 

Energy Sources：A Survey[J]. IEEE Transactions on Industrial 

Electronics， 2006，53（4）：1002-1016.   

 



48 

Appendix A: Documentation of own 

developed program code 
 

#include "mbed.h" 

#include "mDot.h" 

#include "MTSLog.h" 

#include <string> 

#include <vector> 

#include <algorithm> 

#include "stdlib.h" 

#define LEVEL1 400 

 

DigitalOut IO_Control(PB_1); 

// these options must match the settings on your Conduit 

// uncomment the following lines and edit their values to match your 

configuration 

static std::string config_network_name = "admin123"; 

static std::string config_network_pass = "admin123"; 

uint8_t RcvData[6]; 

uint8_t RcvLength = 0; 

uint8_t flag = 0; 

uint16_t DetecDistance = 0; 

 

//RawSerial sensor(SENSOR_TXD,SENSOR_RXD,9600); 

RawSerial SCL_Sensor(PA_2,PA_3); 

 

 

 

void receiveInterrupt() 

{ 

    uint8_t data; 

    if(SCL_Sensor.readable())  
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    { 

        data = SCL_Sensor.getc(); 

        RcvData[RcvLength] = data; 

         

        if(RcvData[0] == 'R') 

        { 

            RcvLength++; 

            if(RcvLength >= 6) 

            { 

                flag = 1; 

                RcvLength = 0;    

                return; 

            }     

        } 

        else 

        { 

            RcvLength = 0; 

        } 

    } 

    return; 

} 

 

int main() { 

    int32_t ret; 

    mDot* dot; 

    std::vector<uint8_t> data1; 

    std::vector<uint8_t> data2; 

    std::vector<uint8_t> data3; 

     int inValue; 

    char* str = new char[3]; 

    float sensorValue;     

     

    inValue = int(sensorValue*1000); 
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    sprintf(str, "%d", inValue ); 

    std::string data_str2 = "hello!"; 

    std::string data_str1 = "Work";//"The distance is less than 

400mm"; 

    

    // get a mDot handle 

    dot = mDot::getInstance(); 

     

    // print library version information 

    logInfo("version: %s", dot->getId().c_str()); 

 

    //******************************************* 

    // configuration 

    //******************************************* 

    // reset to default configure so we know what state we're in 

    dot->resetConfig(); 

     

    dot->setLogLevel(mts::MTSLog::INFO_LEVEL); 

 

    // set up the mDot with our network information: frequency sub 

band, network name, and network password 

    // these can all be saved in NVM so they don't need to be set 

every time - see mDot::saveConfig() 

     

    // frequency sub band is only applicable in the 915 (US) frequency 

band 

    // if using a MultiTech Conduit gateway, use the same sub band as 

your Conduit (1-8) - the mDot will use the 8 channels in that sub band 

    // if using a gateway that supports all 64 channels, use sub band 

0 - the mDot will use all 64 channels 

     

 

 if ((ret = dot->setPublicNetwork(true)) != mDot::MDOT_OK) { 

        logError("failed to set public network %d:%s", ret, 

mDot::getReturnCodeString(ret).c_str()); 
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    } 

     

    

    logInfo("setting network name"); 

    if ((ret = dot->setNetworkName(config_network_name)) != 

mDot::MDOT_OK) { 

        logError("failed to set network name %d:%s", ret, 

mDot::getReturnCodeString(ret).c_str()); 

    } 

     

    logInfo("setting network password"); 

    if ((ret = dot->setNetworkPassphrase(config_network_pass)) != 

mDot::MDOT_OK) { 

        logError("failed to set network password %d:%s", ret, 

mDot::getReturnCodeString(ret).c_str()); 

    } 

     

    // a higher spreading factor allows for longer range but lower 

throughput 

    // in the 915 (US) frequency band, spreading factors 7 - 10 are 

available 

    // in the 868 (EU) frequency band, spreading factors 7 - 12 are 

available 

    logInfo("setting TX spreading factor"); 

    if ((ret = dot->setTxDataRate(mDot::SF_8)) != mDot::MDOT_OK) { 

        logError("failed to set TX datarate %d:%s", ret, 

mDot::getReturnCodeString(ret).c_str()); 

    } 

    

     

    // request receive confirmation of packets from the gateway 

    logInfo("enabling ACKs"); 

    if ((ret = dot->setAck(1)) != mDot::MDOT_OK) { 

        logError("failed to enable ACKs %d:%s", ret, 

mDot::getReturnCodeString(ret).c_str()); 

    } 
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    // set join mode to AUTO_OTA so the mDot doesn't have to rejoin 

after sleeping 

    logInfo("setting join mode to AUTO_OTA"); 

    if ((ret = dot->setJoinMode(mDot::AUTO_OTA)) != mDot::MDOT_OK) { 

        logError("failed to set join mode %d:%s", ret, 

mDot::getReturnCodeString(ret).c_str()); 

    } 

     

     

    // save this configuration to the mDot's NVM 

    logInfo("saving config"); 

    if (! dot->saveConfig()) { 

        logError("failed to save configuration"); 

    } 

     

      

     

    //******************************************* 

    // end of configuration 

    //******************************************* 

     

     

    

 

    // attempt to join the network 

    logInfo("joining network"); 

      

    while ((ret = dot->joinNetwork()) != mDot::MDOT_OK) { 

        logError("failed to join network %d:%s", ret, 

mDot::getReturnCodeString(ret).c_str()); 

        // in the 868 (EU) frequency band, we need to wait until 

another channel is available before transmitting again 

        osDelay(std::max((uint32_t)500, 

(uint32_t)dot->getNextTxMs())); 
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    } 

    logInfo("Prepare"); 

 

    // format data for sending to the gateway 

        for (std::string::iterator it = data_str1.begin(); it != 

data_str1.end(); it++) 

            data1.push_back((uint8_t) *it); 

       // for (std::string::iterator it = data_str2.begin(); it != 

data_str2.end(); it++) 

         //   data2.push_back((uint8_t) *it); 

        //for (std::string::iterator it = data_str3.begin(); it != 

data_str3.end(); it++) 

         //   data3.push_back((uint8_t) *it); 

    //Attach a receive interrupt handler 

     

     

     // join the network if not joined 

    if (!dot->getNetworkJoinStatus()) { 

        logInfo("network not joined, joining network"); 

        if ((ret = dot->joinNetwork()) != mDot::MDOT_OK) { 

            logError("failed to join network %d:%s", ret, 

mDot::getReturnCodeString(ret).c_str()); 

        } 

    } 

    if (dot->getNetworkJoinStatus()) { 

        // send the data 

        // ACKs are enabled by default, so we're expecting to get one 

back 

        if ((ret = dot->send(data2)) != mDot::MDOT_OK) { 

            logError("failed to send %d:%s", ret, 

mDot::getReturnCodeString(ret).c_str()); 

        } else { 

            logInfo("successfully sent data to gateway"); 

        } 

    } 
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    // in the 868 (EU) frequency band, we need to wait until another 

channel is available before transmitting again 

    SCL_Sensor.baud(9600); 

    SCL_Sensor.attach(receiveInterrupt, Serial::RxIrq); 

     logInfo("Start"); 

    

    while (true)  

    { 

        IO_Control.write(1) ; 

        if(flag == 1) 

        { 

            flag = 0;  

            osDelay(5000); 

            DetecDistance = (uint16_t)(RcvData[1]-0x30)*1000 + 

(uint16_t)(RcvData[2]-0x30)*100 + (RcvData[3]-0x30)*10 + (RcvData[4]-

0x30)*1; 

            logInfo("The Distance is: %d", DetecDistance); 

            if (DetecDistance<LEVEL1) 

            { 

                logInfo("low"); 

                dot->send(data1); 

            } 

            uint32_t sleep_time = std::max((uint32_t)10000, 

(uint32_t)dot->getNextTxMs()) / 1000;  

            logInfo("going to sleep..."); 

            IO_Control.write(0); 

            dot->sleep(10,mDot::RTC_ALARM,false); 

        } 

} 

Return  0； 

}  

 


