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Abstract 

 

Nowadays, people waste much time looking for a place to park their cars if when they 

arrive to the office its parking lot is complete. During the development of this project we 

will see that this issue will affect employee’s mood at the time of arriving to the office 

and do their job. 

The aim of this project is to improve employee’s life at the time of leaving home on their 

way to the office, by: in a first step sensing in an economic way the building’s parking 

lot, and once we are able to detect if either of the spots is occupied or free, send all this 

gathered data to a cloud infrastructure for processing all that information and making it 

available to employees. 

For developing this, as this thesis is in cooperation with SAP, we will use SAP Cloud 

Platform for gathering all this data and visualize it in a dashboard. 
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1. Introduction 

 

Nowadays most of the companies have their offices some kilometres away from the city 

centre, which is making the employees going to work, most of the cases, driving their 

own car, or the car that company gives them for this. This causes many side effects, from 

rising of pollution data of the cities, rising the number of traffic jams, which have a 

negative effect on people mood, making them arrive at work usually late and in a bad 

mood. 

Once they are in the office building proximities, they face the problem of finding a 

parking place where to park their car. Sometimes, building have their own parking places, 

but usually they are not enough for all the employees that work there, affecting this also 

in employee’s mood at the time of going to work.  

For this, after coursing the IoT Master, we have decided to develop an application capable 

of advising us the number of parking places that are available at the time they are going 

to leave home, and the probability of having an available parking place at the time they 

will arrive there, based in historic records from the last months. Depending on the result, 

they will be able to choose among many options in order to work: if there are still many 

parking places available, they can go by car there, knowing the probability that exists for 

finding a free spot when they arrive and, if the probability of finding free spots is low, 

they can choose that day going by bus, saving the time for finding that free parking spot, 

or, if the company allows it, they can work from home (telework). 

This last two options, have double-side effects, on one hand, employees arrive at the 

office in time and without the stress of having to find this appreciated parking spot, (going 

by bus or working at home) and, from the other hand, there is an environmental effect, as 

there are less cars in the streets, reducing CO2 emissions that day. So, from our point of 

view, developing this app will make the people and the planet healthier. 

Developing this project could also affects in company’s revenues, as if you know that 

historically there will be some parking spots available in the building, this will let you 

rent those places for parking to near companies, hotels, etc. 

Some recent researches calculated that in Spain [1], depending in the zone you live in, 

you can be up to more than 40 hours in a traffic jam for a year, which can affect to workers 

mood once they arrive to work. With the development of this project, and the availability 

of working from home, this wasted hours of worker’s life would be reduced in around 

30%. 
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Figure 1. Big city traffic jam 

Other problem that workers would find at the time of arriving to the office, if they cannot 

park inside company’s building, they will try to find the nearest spot to the office, but in 

some cases they won’t find it, having to go a bit far away, making them to suffer from 

low temperatures in winter, to higher ones in summer, and even the rain, which will affect 

also to their mood once they come into the office, reducing employee’s productivity. 

Apart from the previously explained situations, one more which can affect worker’s mood 

at the time of arriving to office is that, as they have to do their eight hours of work, arriving 

later means leaving later from work, making joining familiar time and working time 

harder to balance.  

All the previous facts are explained here for focusing in the idea this project was thought: 

“An employee who is in a good mood is more productive that one who is not” 
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2. Theoretical Characteristics 

As this project is, as it has been said before, oriented to improve employee’s satisfaction 

with the company they work for, we thought that, first we should have an idea about how 

this project could affect in employees deciding at the time of going to work. We decided 

to directly ask them about this topic, and from the answers we will know the impact that 

developing this project could have in order to improve employee’s satisfaction with the 

company.  

For this, we thought about these questions for gathering as much data as possible1: 

• Question 1: Are you going to work by car? 

 

As we can see here, more than the 70% of the people that were asked answered they go 

to work by car. 

• Question 2: The car you use, is it a company car? 

 

 

                                                 
1 Questions were asked in Spanish as is target people mother language 
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• Question 3: Your company allows you working from home? 

 

• Question 4: The building where you work, has parking lot for employees? 

 

• Question 5: Does the building parking lot have enough spots for all the 

employees? 
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• Question 6: If you arrive to the parking lot and it is complete, what do you do? 

 

 
 

Here, most of the asked people (64%) answered they would look for a parking 

spot in the street. Followed by leaving their car in a public parking lot (33%). 

 

• Question 7: In case you park your car in the street, how long does it take to you? 

 

 
 

• Question 8: Apart from taking time to park the car, do you have to pay for it?
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• Question 9: In case you park your car in a public parking, how much does it cost? 

 
Here we can highlight that the employees usually have to pay around 10–15 € per 

day they go to work. 

 

• Question 10: If, at the time you leave home, you know there is a probability of 

30% of not finding a free spot at the time you would arrive, what would you do? 

 

 

This last question let us know that even with a low probability of finding the parking lot 

complete, only a 20% of the workers would still go by car to the office. 

Summarizing, this survey let us know that employees who go to work by car waste much 

time and/or money at the time of finding a place where parking their cars every day, and 

how, if they know they will find a free spot or not will help them to decide changing the 

way they go working. With these choices (working from home and going by public 

transport) we can reduce the amount of pollution emitted by workers in around 75% and 

reduce employees/companies parking costs. 
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3. Technical Characteristics 

 

The first thing we should decide is to develop this project depending on the kind of 

parking lot that can be sensed. For this, we decided to focus on indoor or underground 

ones, as this is a much more controllable environment. 

3.1. Available sensing technologies and sensors 

 

At this point we will gather some information about the huge numbers of sensors that 

nowadays exists, using many different technologies, that could be used for detecting if 

one car is parked in a place or if this is free. All this, having in mind making the project 

as cheap as possible in order to make company see that, just investing little money, they 

will be able to sense the parking, improving employee’s satisfaction with this issue of not 

having enough places for all of them. 

3.1.1. Magnetic Field Sensors (MEMS) 

 

Magnetic field sensors are devices for detecting and measuring magnetic fields 

(magnetometer), which operates (most of them) by detecting effects of the Lorentz force: 

• A change in voltage or resonant frequency may be measured electronically 

• A mechanical displacement may be measured optically. 

We can say that this kind of sensors are like a miniaturized compass which will detect the 

changes in the electromagnetic field around it. Also, it must be said that this sensor should 

be calibrated for compensate temperature effects on it. 

As an example, that could be used in this project, we found the following sensor that has 

been developed for scenarios like ours: 

• Intelliport IPS 401 NB-IoT Smart Parking Sensor 
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Figure 2. Intelliport NB-IoT Smart Parking Sensor 

This device detects the magnetic field distortions caused by vehicles which get above it. 

For deploying this kind of sensors floor must be drilled with 5cm diameter, and then 

inserting them in this small hole. 

[2] This specific sensor is built using NB-IoT, a special 4G mobile communication 

technology with a considerably low power consumption, giving this sensor a useful life 

up to 8 years. We have to say also that these sensors run under the developers 

(Intelliport) cloud-based server application. 

Although these sensors seem very suitable to our project, we had to decline it because of 

two capital facts: 

• Price: each of these kind of sensors costs around 100 150 €, which contradicts one 

of our principals that is making a cheap system. 

• Deployment: usually the building where the company is located is not of their 

property, so we cannot drill the floor without owner consent. 
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3.1.2. Passive Infrared Sensors 

Passive infrared sensors (PIR) are electronics sensors capable of measuring infrared (IR) 

light radiating from objects in its field of view, which varies depending on the temperature 

and surface characteristics of the objects that are in front of the sensor. 

 

Figure 3. PIR Sensor 

Usually this kind of sensors are used for motion detection, we could adapt this behaviour 

for detecting if a car is parked or the spot is free, but we had to decline it mainly because 

of one fact: 

• Deployment: In one hand we could set these sensors on the ground, what will 

fulfil our free/occupied sensing, but cars could harm them when parking. In the 

other hand, if we set these sensors on the wall, people that pass near it will trigger 

the sensor and mislead the free/occupied state. 
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3.1.3. Ultrasonic Sensors 

Ultrasonic sensors or ultrasonic transceivers are a kind of acoustic sensor which converts 

electrical signals into ultrasound and once the sound wave rebounds in the object, can 

convert that sound wave into an electrical signal. Measuring the time between sending a 

signal and receiving an echo, we can calculate the distance between the sensor and the 

object in front of it. 

• HC-SR04 Ultrasonic sensor 

 

Figure 4. HC-SR04 Ultrasonic sensor 

This HC-SR04 is a low-cost ultrasonic sensor that apart from detecting the presence, can 

measure the distance between the object and the sensor with a range from 2cm to 4m with 

a resolution of ±3mm providing stable measurements, with a performance angle of 30 

degrees. 

 

Figure 5. HC-SR04 Ultrasonic sensor performance angle 

This sensor has a couple of transductors, one sends the ultrasonic beam, and the other one 

receives this beam after reflecting on the surface of the object. The time passed between 
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the beam sent and the received is used to measure the distance between the object and the 

sensor using the expression D=tH x Vs / 2. While sensor is running, measures are not 

affected with the solar light, what can be useful if the parking is not covered. 

 

Figure 6. HC-SR04 Ultrasonic Sensor operation 

Considering this kind of sensor’s characteristics, we decided to use it for developing our 

project due to: 

• Price: You can find these sensors from 0,50€ 

• Simple configuration: measuring the time between trigger and echo signal we 

know the distance. 

• Deployment: we can set these sensors in the floor (could be harmed), in the wall, 

or even in the ceiling. 
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3.2. Parking Lot Architecture 

As we stablished before, this project has been thought to be developed for indoor and 

underground parking lots, this way there will be no problem in wiring them as we can 

even use the light wiring to set our system. According to this, we will take the following 

example architecture as the one for which we will develop the project. 

 

Figure 7. Example of parking lot architecture 

Once we have chosen the sensors to be used, we have to choose how to deploy them up 

around the place. Here we could see three possibilities: 

• GROUND 

In a first approach, we thought in allocating the sensors in the ground, this way, we will 

detect when the car is above the sensor. Then we thought that maybe it was dangerous for 

the sensor or the wires to be in the ground as these could be harmed if a car just passes 

over it. 

• CEILING 

Other way of avoiding the dangerous fact we said in the first approach, installing the 

sensors in the ceiling of the parking lot seems a nice way, but then we thought that usually 

this ceiling is around 2.5 3 meters high, this can involve some problems at the time of 

replacing the sensors if they have some damage. 

• WALL  

For avoiding the previous fact, we thought in allocating the sensors in the wall, high 

enough for not being harmed when the car parks. 
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Once having all this facts, we decided to place the sensors at 2 meters high from the floor, 

with an angle of 45 degrees, this way, we will be able of sensing any car, setting the place 

as occupied when measured distance is lower than the 2.83m that exists between the 

sensor and the floor. 

As we said before, this way of setting the sensors allows us to detect the presence of 

almost any kind of car, taking into account their dimensions: sports cars, that have quite 

small distance between the floor and car’s ceiling (e.g. BMW Z3); to minivans, that are 

higher and longer (e.g. VW TOURAN); and even to sub-compact cars, which are shorter 

that the average (SMART). 

 

Figure 8. Sensors deployment 
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3.3. Available Hardware Controllers 

 

In this step we had to choose among the possible hardware devices available, that could 

manage the number of sensors needed and how we will communicate all the sensed data 

to our cloud infrastructure. The most common used devices are Arduino and Raspberry 

Pi. 

3.3.1. Arduino UNO 

 

Arduino UNO is an open-source microcontroller board based on the ATMega328P 

microcontroller. This board has a set of digital and analog input/output pins that could be 

interfaced to many expansion boards (shields) and other circuits. 

 

Figure 9. Arduino UNO board 

Characteristics: 

• Microcontroller: ATmega328 

• Operating Voltage: 5V 

• Input Voltage (recommended): 7-12V 

• Input Voltage (limits): 6-20V 

• Digital I/O Pins: 14 (of which 6 provide PWM output) 

• Analog Input Pins: 6 

• DC Current per I/O Pin: 40 mA 

• DC Current for 3.3V Pin: 50 mA 

• Flash Memory: 32 KB of which 0.5 KB used by bootloader 

• SRAM: 2 KB (ATmega328) 

• EEPROM: 1 KB (ATmega328) 

• Clock Speed: 16 MHz 



 

23 

 

• Price: ±25€ 

For our project, as it is necessary having Internet connection, we would have to buy also 

some internet connection board that must be configured by us like ESP 32. 

 

Figure 10. ESP 32 board 

 

3.3.2. Raspberry Pi 3B 

 

Raspberry Pi is a single-board computer developed to promote teaching of basic computer 

science in schools, but due to its power, these boards became popular also for its possible 

uses such as robotics, network systems, etc. 

 

 

Figure 11. Raspberry Pi 3 board 
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Characteristics: 

• SoC: Broadcom BCM2837 

• CPU: 4× ARM Cortex-A53, 1.2GHz 

• GPU: Broadcom VideoCore IV 

• RAM: 1GB LPDDR2 (900 MHz) 

• Networking: 10/100 Ethernet, 2.4GHz 802.11n wireless 

• Bluetooth: Bluetooth 4.1 Classic, Bluetooth Low Energy 

• Storage: microSD 

• GPIO: 40-pin header, populated 

• Ports: HDMI, 3.5mm analogue audio-video jack, 4× USB 2.0, Ethernet, Camera 

Serial Interface (CSI), Display Serial Interface (DSI) 

• Price: ±35€ 

As we can see, this board is quite more complete for our purpose, with the 40-pin header 

let us connect many more sensors that we could connect to our Arduino board, and also 

we can outline that this board has Wi-Fi on board, making unnecessary to buy an extra 

board for connecting this to the internet. 

3.4. Network Architecture 

 

Once we have chosen our board, and our sensors, now we must think about the system 

architecture. As the plan is sensing up to 50 places, we decided to connect 10 sensors per 

Raspberry Pi, having in total 5 boards connected.  

These 5 Raspberry Pi will communicate to a Gateway using Wi-Fi that will send the data 

using MQTT protocol towards the router and this will upload gathered data to the cloud 

service via http protocol. 

 

HTTP 

Figure 12. System Network architecture 
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3.5. Available Cloud Platforms 

 

For developing this project we will need to use some Cloud Platform which will ingest 

all the data provided by the sensors, and in which we will be able to work with that amount 

of data, in real time, or for making predictions based in historic data received. Among all 

the available cloud platforms that nowadays exists, here we will see the most used ones. 

3.5.1. Microsoft Azure 

 

Microsoft Azure is a cloud computing service developed by Microsoft capable of 

building, testing, deploying and managing applications and services running on their own 

data centres. 

 

Figure 13. MS Azure Logo 

Microsoft Azure provides different kinds of licenses depending on the customer needs: 

• Software as a Service (SaaS) 

• Platform as a Service (PaaS) 

• Infrastructure as a Service (IaaS) 

Also, it supports different programming languages and tools, from own-specific to third-

party software and systems. 

Regarding the IoT world, Microsoft Azure offers three services and one dedicated 

software: 

• Azure IoT Hub: It is a managed service, hosted in the cloud, 

which acts like a central message hub for bi-directional 

communications between the developed IoT application and its 

managed devices. 
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• Azure IoT Edge: This service, built over IoT Hub, allow us to 

provide intelligence to our IoT edge devices (what for us would 

be the Raspberry Pi) via standard containers. 

 

• Azure IoT Central: This is a hosted, extensible SaaS platform 

which make much easier to setup our IoT solution, reducing our 

costs on development, operations and management. 

 

• Windows 10 IoT Core: This is an optimized version of Windows 

10 for smaller devices which runs on ARM and x86/x64. This 

makes easier to connect, manage and secure those devices. 

 

 

 

3.5.2. IBM Cloud 

 

IBM Cloud is a suite of cloud computing services for business including IaaS, SaaS, and 

PaaS, offered on public, private and hybrid cloud models. 

 

Figure 14. IBM Cloud Logo 

IBM Cloud offers their services under three applications: 

• SmartCloud Foundation: This is the infrastructure, integration, provisioning, 

management and security over a private or hybrid cloud. 

• SmartCloud Services: This is PaaS, IaaS, and backup services, built with the 

mentioned before components.  
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• SmartCloud Solutions: This consists of some analytics, 

collaboration and marketing SaaS applications. 

Regarding the IoT world, IBM Cloud offers a couple of applications: 

• IBM Watson IoT Platform: This is used for connecting devices, 

gateways and networks, and also manages, secures and analyse the gathered data. 

 

• Weather data APIs: This integrates data from “The Weather 

Company” into applications. 

 

 

3.5.3. Amazon Web Services 

 

Amazon Web Services provides on-demand cloud computing platforms to companies and 

anybody interested on a pay-as-you-go way. It provides a set of technical infrastructure 

and distributed computing with building blocks and tools. 

 

Figure 15. Amazon Web Services Logo 

Regarding the IoT environment, AWS offers the tool AWS IoT which provides: 

• Device Software: Allows to connect devices, gather data, and take intelligent 

actions locally even when there is no internet connection. 

• Control Services: Enable to manage, control and secure the devices deployed. 

• Data Services: Helps to collect, analyse, and extract value from the data gathered. 
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Figure 16. AWS IoT Services 

 

3.5.4. SAP Cloud Platform 

SAP Cloud Platform (SCP) is open business platform designed to innovate, integrate and 

extend applications with agility, flexibility and choice. Here you can create intelligent, 

mobile-ready applications for matching market expectations. 

 

Figure 17. SAP Cloud Platform Logo 

About the IoT world, SAP Cloud Platform developed an application named SCP Internet 

of Things, which allow us to connect devices to the cloud providing scalable ingestion of 

sensors data as well as its management and connectivity. Inside this applications SAP 

provides a couple of products: 

• SAP Leonardo Internet of Things: It’s a tool capable of 

understand patterns and drive action from insight, for optimizing 

productivity. 
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• SAP Edge Services: With this tool we can deploy 

microservices that helps to gain domain-specific insights, 

monitoring real-time events and actions, and even executing 

business processes locally. 

Once we have checked all the available cloud services and its characteristics, and as this 

project will be developed in cooperation with SAP company, we will work from now on 

over SAP Cloud Platform. Also, it’s worth mentioning that this project is thought to be 

implemented in companies parking lots, and almost every company works with SAP so 

seems a really good choice, as this way all these companies can join their SAP 

environment to this Smart Parking App. 
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4. Hardware Development 

 

For developing this project, we decided to test the behaviour of the selected sensors by 

setting four of this in a protoboard, for uploading real data to SAP Cloud Platform. We 

can see below how Raspberry Pi 3 GPIOs were connected: 

 

As we can see in Figure 19, we have used the same trigger pin for all the sensors, for 

taking the values from them at the same time, and then: 

• PIN 2 → Vcc (5V) → Red wire 

• PIN 11 (BCM 17) → GPIO (Common Trigger) → Blue wire 

• PIN 13 (BCM 27) → GPIO (Echo Sensor 1) → Brown wire 

• PIN 15 (BCM 22) → GPIO (Echo Sensor 2) → Purple wire 

• PIN 3 (BCM 23) → GPIO (Echo Sensor 3) → Yellow wire 

• PIN 7 (BCM 24) → GPIO (Echo Sensor 4) → Green wire 

• PIN 39 → Ground → Black wire 

As output voltage from sensors is 5V and GPIO pins allow up to 3,3V, we had to set a 

current divisor between sensor’s echo pin and the input pin from Raspberry Pi: 

For achieving this, we used 

Rtop = 1KΩ Rbottom = 2KΩ. 

𝑉𝑜𝑢𝑡 =
1K

3K
 × 5𝑉 =  3,33𝑉 

Figure 18. Raspberry Pi 3 pinout and test assembly 
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Figure 19. Schematic sensors system assembly 
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5. Software Development 

Along this point of the document, we will describe the steps2 we should follow in order 

to have an application running on SCP with the data gathered from the four real sensors 

sent by the RPi via MQTT protocol inside a WiFi network. 

5.1. Step 1: Cloud Platform Configuration 

First, in the Internet of Things Cockpit SCP gives us the screen we can see on figure 20, 

where we are able to create some Capabilities (1) that later will be assigned to a Sensor 

Type (2). Then we should create a Sensor (3) from one of our Sensor Types which after 

will be assigned to a Device (4). 

 

Figure 20. IoT Service Cockpit main screen 

Following we will describe what was created: 

1. Capabilities → Distance (cm) 

2. Sensor Type → distance1 

3. Sensor → D_sensor [1...4] 

4. Device → D_Sensor1 

As we can see in figure 21, once we have built our device, we can see the sensors it has, 

and which kind of Sensor Type is each of them. We can see also that each of those sensors 

configured have their own ID that can be changed (Alternate ID). This ID will be used 

later to link this “digital twin” to our real ultrasonic sensor. 

Here we can also see the gateway that the device is using (we select this during device 

creation) and its status. 

 

                                                 
2 Taking for granted HW parts are in our hands. 
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Figure 21. Created Device main screen 

Once the device has been configured, next step will be generated and download the pem 

certificate necessary for linking our platform device to the RPi. 

 

Figure 22. pem certificate generation screen 
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5.2. Step 2: Raspberry Pi Programming 

Once we have created our RPi “digital twin”, we must generate the code for gathering the 

measures from the sensors and then sent them to the cloud platform for visualizing the 

data there. For this, SAP provides a sample code for communication with all the network 

configuration in which we will include our sensing part code. 

We should have a folder like the one from figure 23, in which there should be the pem 

certificate, one JavaScript provided by SAP for parsing that certificate, and the code in 

which we included our code (app2.js) 

 

Figure 23. Folder content 

Now, here we will explain some pieces of the app code which can be found complete in 

the annex of this document. 

In figure 24 we can see how the previously created capabilities, devices, etc must be 

declared in the program for the correct linking. 

 

Figure 24. "digital twin" connection settings 

And in figure 25 we will check how the MQTT is filled and published with the date, 

capability and sensor IDs and the measured value. 
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Figure 25. Coded and running MQTT message publishing 

In the next figure we will see the piece of code developed for sensing, which will calculate 

the distance based on the time passed between the trigger signal is sent and the echo signal 

is received. 

 

Figure 26. Measuring code 
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5.3. Checking updated values on IoT Service Cockpit 

Once we have run the code, we should check if the data that have been sent is already 

there. For this, we should go to our device, and click on Data Visualization tab. Here, we 

can choose to show the data in a table or in a line view. 

 

Figure 27. Sensor 1 measurements updated in cloud platform 

 

Figure 28. Sensor 2 measurements updated in cloud platform 

We can see that the data have been correctly uploaded. Here we can also check that 

exists some margin among the measurements as, during the test the object in front of the 

sensors was not moved, but we can see that sensors have this 0,5 cm “accuracy” margin. 

Once we know the data has been correctly updated in our platform, next step would be 

creating an app from where we could check anytime the number of free spots of our 

parking lot.  
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5.4. App Development 

For this point SCP offers a service called SAP Web IDE Full-Stack for easily developing 

our app and run this in browsers and mobile devices. 

 

Figure 29. SCP Service 

Unfortunately, due to the very short time provided for developing this project (almost 

one month), we couldn’t be provided all the authorizations that are necessary for 

working with this platform and this service. Anyway, we decided that at least we could 

describe how this application would look like, as working with the mentioned service 

allow us for developing this app in a drag and drop way, selecting the shape it should 

have and just dragging the content we would like to show to the place on the screen we 

want. 

1. User can choose the time he will arrive at the office, for 

knowing if there would be any free parking spot. 

 
2.  Number of available parking spots that historically are 

free at the time user will arrive to the parking lot. 

 
3.  Number of available spots at the time user is using the 

application. 

 
4.  Historic graph where we can see the total number of cars 

that parked during the last week.  
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6. Sensors Holder Design 

For deploying all the necessary sensors for each parking spot, we designed this box with 

“half octahedron” in which we will hide the sensor. This kind of design let us glue this 

piece anywhere and connect the wires easily using a 4-pin header like the one of the figure 

X. 

 

For designing this, firs twe should know sensor’s dimensions. The ones we used for this 

project, that are the most common ones are: 

 

So, our final design for the sensor’s case would be like this: 
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7. Conclusions 

 

This Project fulfils the main objectives proposed at the beginning of developing this 

project: Connecting data retrieved from the sensors and uploading them to a cloud 

platform for later develop an application based on this data. 

What I would like to highlight is that SAP Cloud Platform, is a very complete platform, 

but also a very complex one, maybe due to all the possibilities in relationship with 

company’s production processes. SCP is quite difficult to use, at least from my point of 

view, especially with the topics related with authorizations, that didn’t let us develop 

completely our application. 

As it can be checked, the data gathered from the sensors through Raspberry Pi device 

have been uploaded to the cloud platform via MQTT messages. 

This project can be a starting point for continue developing the idea and adding some 

more features like plate recognition, parking spot booking and even the development of 

some voice communication for knowing the parking lot availability. 
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Annex 

 

Complete code developed: 

const fs = require("fs"); 

const mqtt = require("mqtt"); 

const certificateParser = require("./certificate_parser.js"); 

const Gpio = require('pigpio').Gpio; 

 

 

const settings = { 

    tenant: "ee7958f5-9789-4909-967b-ca79eca6c79a", 

    certificate: { 

        file: "./D_sensor1-device_certificate.pem", 

        passphrase: "hkRJPZpnPKsEN2LMfZ1pfxzTLcnO0CIEs3hf" 

    }, 

    deviceAlternateId: "device1", 

    capabilityAlternateId: "Distancia1", 

}; 

 

const MICROSECDONDS_PER_CM = 1e6/34321;  //Constant for converting 

us to cm 

 

const trigger = new Gpio(17, {mode: Gpio.OUTPUT});   //GPIO port 17 

for sensor's trigger pin 

 

trigger.digitalWrite(0); // Make sure trigger is low 

 

const certificate = 

certificateParser.parse(settings.certificate.file); 

 

const mqttClient = mqtt.connect({ 

    host: `${settings.tenant}.eu10.cp.iot.sap`, 

    port: 8883, 

    clientId: settings.deviceAlternateId, 

    protocol: "mqtts", 

    clean: false, 

    key: certificate.privateKey, 

    cert: certificate.certificate, 

    passphrase: settings.certificate.passphrase 

}); 

 

const INTERVAL = 5000; 

const SENSOR_PINS = [{ pin: 27, alternateId: "038ffa2d-eef4-4543-

a607-1f8c085a2965" }, {pin: 22, alternateId: "Distancia2"}, {pin: 

2, alternateId: "Distance3"}, {pin: 4, alternateId: "Distance4"}]; 

 

function startMqttClient() { 

 return new Promise((resolve, reject) => { 

  mqttClient.on("connect", () => { 

    resolve(); 

  })  

 }) 

} 
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function sendToMqtt(sensor, distance) { 

  const payload = { 

     "timestamp": Date.now(), 

     "capabilityAlternateId": settings.capabilityAlternateId, 

     "sensorAlternateId": sensor.alternateId, 

     "measures": [distance] 

   }; 

   // publish sensor values 

   console.log(`[mqtt] publishing: ${JSON.stringify(payload)}`); 

   mqttClient.publish(`measures/${settings.deviceAlternateId}`, 

JSON.stringify(payload)); 

} 

 

function startSensor(sensor) { 

  const echo = new Gpio(sensor.pin, {mode: Gpio.INPUT, alert: 

true});  //GPIO port for sensor's echo pin 

  let startTick; 

  echo.on('alert', (level, tick) => { 

   //console.log(`level: ${level} --- tick: ${tick}`); 

    if (level == 1) { 

      startTick = tick; 

    } else { 

      const endTick = tick; 

      const diff = (endTick >> 0) - (startTick >> 0); // Unsigned 

32 bit arithmetic 

      const distance = (diff / 2 / 

MICROSECDONDS_PER_CM).toFixed(2); 

      sendToMqtt(sensor, distance); 

    } 

  });   

} 

 

async function start() { 

  await startMqttClient(); 

  console.log('MqttClient connected'); 

  SENSOR_PINS.map(sensor => startSensor(sensor)); 

  /*for(let i=0; i < SENSOR_PINS.length; i++) { 

    const sensor = SENSOR_PINS[i]; 

    startSensor(sensor); 

  }*/ 

  // Trigger a distance measurement once per second 

  setInterval(() => { 

    trigger.trigger(10, 1); // Set trigger high for 10 microseconds 

  }, INTERVAL); 

} 

 

start(); 

 


