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1 Introduction 

Civil drones have enjoyed increasing popularity in both the private and industrial sectors 

for a number of yearpp. The uses are varied. 

The company NXP and the portal Hackster.io have therefore started the "Hovergames 

Challenge", in which a drone is to be developed on a predefined drone platform to 

support firefighterpp. It is up to the creativity and innovation of the participants which 

task the drone does exactly. 

The aim of this work is to develop a concept for participating in this challenge and to 

implement it. Furthermore, the legal framework for civilian drone use and some 

application scenarios for drones are explained. 

 

2 Background 

2.1 Definition of terms 

The term “drone” refers to an unmanned aerial vehicle, also known as an unmanned 

aerial vehicle (UAV). 

The designation of these aircraft as drones supposedly comes from unmanned training 

targets of the British Royal Navy in the 1930pp. These remote-controlled aircraft were 

nicknamed "Queen Bee". Out of respect for their British role model, the US counterparts 

were referred to as “drones”. [cmp. 1] 

The European Commission also differentiates between two sub-types of drones: 

• Remotely Piloted Aviation Systems (RPAS) are controlled remotely by a human 

pilot. There is a responsible pilot at all times. 

• Unmanned drones are programmed automatically and fly without pilots. 

Currently only RPAS are approved for civil use in EU airspace. [2] 

Accordingly, every civil drone legally usable in the EU includes a corresponding ground 

station with a pilot, from where the drone is controlled and monitored. The generic term 

for this overall system is Unmanned Aerial System (UAS). 
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In the context of this work, the term “drone” means a civilian RPAPP. The military use 

of drones is not discussed. 

“The clearest external distinguishing feature is the construction. You can generally 

distinguish between fixed-wing aircraft (wing drones, fixed-wing drones) and 

multicopters, as well as hybrid models from both that start vertically, but can do long-

haul flights like planepp. ”[3] PP. 3 

Multicopters currently have a significantly larger market share than surface drones in 

the leisure and industrial sectorpp. cmp. [3] PP. 3–4 

Fixed-wing aircraft are similar in construction to classic aircraft and are well suited for 

long-distance flights, including gliding, but require a certain length of runway. 

Multicopters have horizontally rotating propellerpp. They consist of a frame, also called 

an airframe, with a central fuselage for the control and payload of the drone and several 

arms for the motors and propellers (siehe Illustration 1). Multicopters use more energy 

in flight due to the pure power flight, but master hovering and can take off and land 

vertically. cmp. [3] PP. 3–4 

 

Illustration 1: Quadrocopter (multicopter with four propellers) [4] 
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2.2 Legal framework 

The ordinance regulating the operation of unmanned aerial vehicles of the Federal 

Ministry of Transport and Digital Infrastructure of 2017  [5] specifies the most important 

conditions for the operation of drones in Germany. 

According to the ordinance, drones with a starting mass of 250 g or more must be 

labeled with the name and address of the owner in a durable and fire-proof label. Proof 

of knowledge of the pilot is also required for drones weighing more than 2 kg. 

The following knowledge must be demonstrated: 

• The use and navigation of drones 

• The relevant aviation law basics 

• The local airspace regulationpp. [5] 

This proof of knowledge can be obtained for sports and leisure purposes, for example 

from the German model flight associationpp. DEKRA e.V. offers training for commercial 

flightpp. A valid pilot's license also counts as proof of knowledge. cmp. [3] PP. 56–58 

This proof of knowledge can be obtained for sports and leisure purposes, for example 

from the German model flight associationpp. DEKRA e.V. offers training for commercial 

flightpp. A valid pilot's license also counts as proof of knowledge. [5] 

Also prohibited 

• The flight out of sight of the pilot 

• The flight over nature reserves and national parks 

• The flight in security zones of airports 

• The transport of explosives, pyrotechnics and other hazardous substances 

• The transport of objects and substances that could cause panic when dropped. 

• • Flying over residential property with a drone over 250 g or with devices for 

receiving, transmitting or recording optical, acoustic or radio signals [5] 
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Furthermore, a lateral distance of at least 100 m must be observed to 

• Crowds of people, places of misfortune or catastrophes and locations of 

authorities or federal forces 

• Hospitals, industrial plants, military plants, power generation and distribution 

plants, prisons 

• Land with the seat of constitutional bodies, security authorities or diplomatic 

missions 

• Federal trunk roads, federal waterways and railways [5] 

• The main limitations are shown in Illustration 2 below 

 

Illustration 2: Restrictions according to German drone regulation. [Graphic: BMVI] 

However, exemptions from the bodies concerned are possible to circumvent these 

restrictionpp. When flying over a property with a video drone, this would be, for example, 

a permit from the property owner or authorized userpp. The costs for an official 

exemption, for example for a flight over 100 meters, start at € 50 and go up to € 3500. 

[5] 
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3 Subject of the Hovergames Challenge: 

The challenge is intended to encourage developers worldwide to create concepts and 

prototypes for a drone that will help firefighters in action. The drone as the basic platform is 

specified by NXP. As part of an application with a concept, a large part of the drone and 

accessories were made available by NXP. It consists of a carbon frame with 50cm diagonal 

motor distance, four motors and motor controllers, GPS antenna, flight controller, remote control 

and wireless interface, with which certain parameters can be changed from a distance. The 

drone has been extended by a tower that can be swiveled via two servos, with which the 

direction of attached cameras can be changed. 

 

 

Illustration 3: Drone used for development [16] 
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4 Evaluation of the drone platform for indoor navigation 

The aim is to evaluate the extent to which the drone in combination with a radar and a 

camera with object recognition is suitable for navigating in roompp. For this purpose, the 

radar and camera should be put into operation step by step and their benefits evaluated. 

Then a navigation solution for the drone is to be developed. To relieve the flight 

controller, the evaluation of the video and radar data should be outsourced to a 

Raspberry PI. 

4.1 Hardware used 

Various hardware components were used to evaluate the first concept. 
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4.1.1 IWR1443 BOOST 

The IWR1443 Boost is an evaluation board for the IWR1443 single-chip radar sensor. 

The chip is designed for use in an industrial environment. In addition to the FMCW 

transceiver, a programmable Cortex R4F microcontroller with peripherals for radar 

evaluation, for example an FFT unit, is integrated on the chip. The radar front end also 

includes the three transmitting and four receiving antennas of the sensor. cmp. [17] PP. 

1–2 They are implemented as patch antennas on the Evalboard (siehe Illustration 4). 

The wavelength of the radar waves is 76 to 81 GHz.. 

 

Illustration 4: Front of the IWR1443 BOOST [18] 
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ICs for power supply and communication with a PC via USB, an SPI flash and a 

connection for a CAN interface are also installed on the board (see block diagram in 

Illustration 5). [cmp. 18] 

 

Illustration 5: Block diagram of the IWR1443 BOOST [18] PP. 6 
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4.1.2 Pixy2 Cam 

The Pixy2 Cam is a camera with integrated algorithms for image recognition. For 

communication with the camera, libraries in C / C ++ and Python and the software 

PixyMon are provided. Colors and color codes, lines, intersections and small barcodes 

can be recognized. The frame rate is 60 fps, the resolution of the sensor is 1296x976 

pixels. Seven color signatures and 256 objects can be recognized at the same time. 

[cmp. 19] 

 

Illustration 6: Pixy2 Cam [19] 
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4.1.3 Raspberry Pi 

The Raspberry Pi is a single board computer from the Raspberry Pi Foundation. A 

Raspberry Pi 3 Model B + was used for this project. It has a System on a Chip IC from 

Broadcom with a Cortex A53 quad-core CPU with a clock speed of 1.4 MHz. The main 

memory is 1 GB. The operating system and all other data are stored on a micro SD card. 

The standard operating system is Raspbian, a version of Debian Linux adapted to the 

Raspberry Pi. This operating system was also used for this project. 

Four USB 2.0 ports, HDMI, WLAN, Bluetooth 4.2, Gigabit Ethernet and an analog audio 

input and output are available as interfaces. Power is supplied via a micro USB 

connector and a 5V / 2.5A power supply. [cmp. 20] 

 

Illustration 7: Raspberry Pi 3 Model B+ [20] 
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4.2 Software used 

The mmWave Demo Visualizer from Texas Instruments is a browser application for the 

visualization of radar data. It enables easy commissioning and evaluation of sensors 

from the mmWave series. For this purpose, all parameters for the sensor to be evaluated 

are set in a configuration window (see Illustration 8). The configuration is then uploaded 

to the device. The radar data is displayed graphically in the plot window (see Illustration 

9). Data recordings and snapshots can be carried out here of the plots downloaded as 

an image file. [cmp. 21] 

 

Illustration 8: Configuration window of the Visualizer 
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Illustration 9: Plots of the Visualizer 
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4.3 Execution 

The radar board was put into operation according to the user manual and tested with 

the mmWave demo visualizer. Since this Evalboard is not equipped with the current 

IWR1443 Revision C, the board is not compatible with the current Software 

Development Kit (SDK) version 3.3, but only with version 1.1. This version of the SDK, 

which is not supported by the current public version 3.3.0 of the mmWave Demo 

Visualizer, had to fall back on the difficult to access previous version 2.0.0. With this 

version, a connection to the radar board could be established and the configuration 

created. The following steps are followed: 

1. Connect the board to the host PC and the power supply 

2. Identification of the correct COM ports for configuration and data in the device 

manager 

3. Selecting the ports in the Visualizer in the "Options" tab. The baud rate is left 

at the recommended 115200 baud for the config port and 921600 baud for 

the data port 

4. Selection of the platform xWR14xx 

5. Selection of SDK version 1.1 

6. Selection of the antenna configuration 4Rx, 3Tx 

7. Selection of the basic configuration "Best Range Resolution" 

8. Selection of the frequency band 77-81 GHz 

9. Make the rest of the settings as needed 

10. Selection of the plots to be displayed 

11. Upload the configuration via "Send Config to mmWave Device" 
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The settings for frame rate, distance resolution, maximum uniqueness range, maximum 

radial speed and resolution of the radial speed listed under "Scene Selection" are 

mutually dependent. The following configuration was selected for the tests:10 fps frame 

Rate 

• 0.047 m distance resolution 

• 2.41 maximum uniqueness range 

• 1 m / s maximum radial speed 

• 0.13 m / s resolution of the radial speed 

The evaluation of the radar data in the microcontroller can be adjusted in the "Object 

Detection" category. The radar uses the received signal or its peaks to determine points 

in space at which objects are located. You can choose whether several peaks that are 

close together and that could come from the same object are combined to one point. 

Furthermore, static points and errors can be removed using an additional algorithm. 

For the first tests, all of the above options (see also Illustration 8) were activated. 

Für die Tests wurden verschiedene Objekte in verschiedenen Abständen vor dem Radar 

positioniert. Insbesondere metallische bewegte Objekte im Abstand von bis zu 2 m For 

the tests, different objects were positioned in front of the radar at different distances. In 

particular, metallic moving objects at a distance of up to 2 m generated significant 

deflections in the "Range Profile" curve. Human body parts were also recognized, but 

with a lower rash. In the case of nearby metallic objects, additional peaks are visible that 

are due to reflections (see Illustration 10). 
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Illustration 10: Metallic object at a distance of 0.5 m and reflections 

tatic objects were recognized much worse. In particular, human body parts such as a hand at a 

distance of 50 cm were no longer recognized as soon as they were no longer moving (see 

Illustration 11). The same applies to ceilings and walls of buildings. The ceiling of the test room 

at about 1.8 m from the radar lying on the table was not recognized. This property is due to the 

selected option to remove static interference. Therefore, this option was deactivated for the 

following tests. Grouping of points has also been deactivated, 
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Illustration 11: Plot with a human hand at a distance of 50 cm 

The ceiling was reliably recognized with the new settings (see Illustration 12). In addition 

to the ceiling, points were also detected in the immediate vicinity of the radar. These 

static peaks without real objects at this point were also removed by the algorithm in the 

previous test. They pose a problem because when using the radar for collision detection, 

they can lead to incorrectly identified objects in the immediate vicinity of the radar. 
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Illustration 12: Measurement without removing static objects 

In the course of the tests with the mmWave demo visualizer, problems with the usability 

and transparency of the tool in the version to be used continued to arise. Despite the 

corresponding option, the 3D scatter plot cannot be viewed from a different angle, but 

is immediately reset to the standard settings. The evaluation of the raw data provided 

by radar is also not provided. 

Since the radar data should be evaluated on a Raspberry Pi in the event of a positive 

evaluation of the radar, a Python script by Ibai Gorordo [22] for reading and displaying 

the radar data was executed on the Raspberry Pi. 

The script loads a configuration onto the radar board that corresponds to the one last 

used in the Visualizer. Then the detected objects of the radar are read out cyclically, 

processed and displayed in a 2D plot. 
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Illustration 13: Plot of the python script with no nearby objects 

In this representation, too, many, sometimes irregular, disturbances were noticed. 

Illustration 13 hows a plot of the detected objects without an object near the radar. 

Nevertheless, objects are recognized in the immediate vicinity of the sensor. Even with 

a small, metallic object placed parallel to the radar, further false objects were detected 

(see Illustration 14). The object displayed in the x-intercept is correct, the other points 

are errors. 
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Illustration 14: Plot with a metallic object placed in 0.5 m 

The standard object detection of the radar therefore delivers many incorrect objects in 

addition to the correct objects without filtering. This happens according to different 

patterns and cannot be remedied with simple means. 

When the filtering is switched on, the radar reliably detects dynamic objects of different 

materials, but multiple reflections from metallic objects are interpreted as objects and 

false points are generated. In addition, static objects can no longer be detected. 

Other tools and examples provided by Texas Instruments are not compatible with this 

revision of IWR1443. 

The IWR1443 is generally suitable for the detection of static and dynamic objects, but 

requires a better filtering of the raw data. A sufficiently good result cannot be achieved 

purely with the existing functions. Based on the script, it is also possible to read the array 

with object data from the radar, but the development of its own data processing and 

filtering exceeds the time frame of this work and was therefore not pursued further. 
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The Pixy2 camera was put into operation and tested with the associated PixyMon 

software. It is a 2D camera with algorithms for image recognition. These algorithms are 

limited to the recognition of previously learned colors and color codes. Only when the 

object to be detected has the taught color is it recognized and marked. Only seven colors 

or color samples can also be taught. 

For short ranges, the Pixy2 has integrated LED lighting with which the objects to be 

recognized can be illuminated. However, this lighting scatters strongly at a distance of 

several meters, so that sufficient radiation from distant objects is no longer guaranteed, 

since the correct detection of the colors depends on the lighting. 

The Pixy2 is therefore less suitable for use in unknown surroundings with unknown or 

uneven lighting. Even known, taught-in objects or color patterns cannot be reliably 

recognized at a greater distance if the illumination is poor. Unknown color patterns or 

objects cannot be recognized. The Pixy2 therefore offers no great added value 

compared to a camera without image recognition when used in unknown or smoky 

rooms, as is the rule with indoor fire brigade operations. Without 3D capability, it is also 

not possible to determine the distance of the recognized objects. Here, the combination 

with other sensors lends itself. 

The drone was assembled, put into operation and made some flight attempts. During 

these attempts, it was found that the drone's unexpectedly slow response to pilot 

commands from the pilot due to its size. Furthermore, the precise automatic approach 

to points in space requires a good GPS connection. This is not guaranteed for indoor 

applications. The size of the drone continues to make it difficult to fly autonomously 

through narrow areas such as doors. This requires high precision and reliability. 

Another problem is the development of heat in house fires. The temperature in rooms 

with a fire can quickly exceed 100 ° C after the fire has started. The maximum ambient 

temperatures at which the drone can be used are therefore easily exceeded. The battery 

in particular is endangered at high temperatures and can burst and start to burn. 

Furthermore, the range of the radio connections for remote control and data of the 

autopilot in buildings is greatly reduced. A reinforced concrete wall and a distance 

between the transmitter and receiver of only 10 m led to the breakdown of the radio 

connection in the test. Stronger transmission powers are not legally permissible. The 
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drone pilot should therefore be in the building and close to the drone and thus in the 

danger zone. This drastically reduces the use of the drone as an exploration device. 

The basic structure of the drone is therefore only moderately suitable for indoor 

applications. 

4.4 Result 

The implementation of the concept is associated with considerable problems, the 

solution of which requires a great deal of effort. 

For the data of the IWR1443, a filtering algorithm adapted to the intended use must be 

developed in order to be able to reliably recognize all objects and to filter out all faults. 

This is not possible with the provided and compatible tools. 

The Pixy2 camera only masters the detection of color patterns in a known environment 

and is therefore only moderately well suited for use. Use would require the 

implementation of an object detection algorithm. 

Furthermore, the drone is poorly designed and operable to operate in a room with a fire. 

The problems with the inertia of the control and the precision when flying through narrow 

areas can be solved, but the maximum ambient temperature for drone use and the radio 

range restrict the use very much. 

Overall, this results in poor suitability of the drone platform with the desired sensors for 

a flight and navigation in rooms. 
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5 Development of the new concept 

In the first weeks of the study work, many attempts were made to put the radar board 

into operation. Since it became apparent that this was only possible with considerable 

effort, a new concept was developed. This meant that the drone was developed for 

scenarios such as forest or large building fires, and could be used there as an 

information center from the air. The drone should provide a video and a thermal image 

from the air in order to monitor the development of the fire and possibly search for 

people. In addition, it should provide information about temperature, lift humidity and 

oxygen concentration. The drone should be able to be controlled remotely by an 

operator, or it should be possible to fly and hold certain positions with the aid of GPS on 

command. Ultrasonic sensors are to be used, similar to cars, to implement a distance 

meter so that the distances to objects can also be seen from a distance. 

5.1 Hardware used 

Other requirements were placed on the hardware for the new concept and therefore 

other hardware components were also used. 
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5.1.1 Microcontroller: ESP8266 und ESP32 

The computing tasks of the new concept are carried out by two microcontrollers 

(hereinafter µC) from Espressif. These are the ESP32 and the ESP8266. The ESP32 is 

the successor to the ESP8266, both of which are 32-bit microcontrollers. The ESP32 

offers two cores, which run at a clock rate of 160-240MHz and 36 GPIO pins ([cmp.23]). 

The ESP8266 has only one core, which is clocked at 80-160MHz and provides 17 GPIO 

pins ([cmp.24]). 

 

Illustration 15: ESP8266 on development board ([25]) 

 

Illustration 16: ESP32 on development board ([26]) 
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5.1.2 All In One Camerasystem: Eachine TX03 

The TX03 from Eachine is an all in on FPV camera solution that combines camera and 

transmitter unit. Since the system only has to be supplied with voltage, the 

commissioning effort is very low. The camera has a 1/3-inch CMOS sensor, which offers 

a resolution of 720x480 pixels at 30Hz ([cmp.27]). The advantage of FPV transmission 

is that the simple transmission type (frequency modulation on a carrier signal in the 5.8 

GHz band) enables very low latency times to be achieved. 

 

Illustration 17: All In One video camera Eachine TX03 [27] 
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5.1.3 Thermal Camera: MLX90640 

The MLX90640 has a resolution of 32 x 24 pixels and offers an accuracy of 1 ° C 

deviation over the entire measuring range, which extends from -40 to 300 ° C ([cmp.28]). 

There is also a sample program that can be used as the basis for the development ([29]) 

This example uses Processing ([30]), to visualize the data. 

 

Illustration 18: MLX90640 breakoutboard from pimoroni.com ([31]) 
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Illustration 19: Camera systems on swiveling tower 

Both cameras were attached to a swiveling tower. For this purpose channels 5 and 6 of 

the remote control are connected with two servos. 

(https://www.thingiverse.com/thing:708819) 

 

 

5.1.4 Ultrasonic Sensors: HC-SR04 

Type HC-SR04 ultrasonic sensors measure the running time of an ultrasonic pulse. This 

can be used to calculate the distance between the transmitter and the reflecting object. 
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The accuracy of the sensor is approx. 2mm, the maximum measurable distance is 

approx. 3m.  

Illustration 20: ultrasonic sensor HC-SR04 [32] 

 

 

5.1.5 Temperature and humidity sensor: DHT22 

A DHT22 is used to compensate for the temperature dependence of the speed of sound. 

This is connected via a pin to the µC via OneWire interface and provides information 

about temperature and humidity. The accuracies are ± 2% RH for air humidity and ± 0.5 

° C for temperature ([cmp.33]). 
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Illustration 21: Temperature and humidity sensor: DHT22 ([34]) 

 

 

5.1.6 Wireless communication module: NRF24L01 

NRF24L01 modules are manufactured by Nordic and offer an easy way to exchange 

information wirelessly. There are versions with a printed antenna and versions with 

increased output power and an external antenna connection that are connected via an 

SMA connector. 

 

Illustration 22: NRF24L01 with printed antenna [35] 
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Illustration 23: NRF24L01 + PA + LNA with external antenna [36] 

These modules use the 2.4 GHz band and offer functions for transmission security, such 

as a 16-bit CRC and the possibility of retransmission in the event of transmission errors  

([cmp.37]). They are controlled by SPI and two auxiliary pins (Chip Enable and Chip 

Select Not), with which the behavior of the modules is regulated. A finished library ([38]) 

was used and slightly modified to use these modules, more on this later. 
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5.2 Software used 

The Arduino IDE provides an easy introduction to programming Arduinos and Arduino-

compatible boards such as the ESP32 and ESP8266. For this, the options that the 

developer has to cut back. A good alternative is offered by Sloeber ([39]), which is 

essentially Eclipse for C / C ++ with an Arduino plugin. In this way, Arduino can be 

programmed in a familiar development environment without extensive setup. Initially, 

the Arduino IDE was used for development, but in the course of the project everything 

was switched to Sloeber. 

Processing is used to display the thermal image. Processing describes both the 

programming language (processing is object-oriented) and your own IDE.  

 

5.3 Execution 

On ESP32 is used as the microcontroller on the side of the drone and an ESP8266 on 

the side of the receiver on the ground. The NRF modules were first put into operation. 

The library provides well-documented examples on the basis of which communication 

between the two microcontrollers could be established. For the modules with a printed 

antenna, the range was classified as insufficient; in a clear view, one could hardly 

achieve more than 50 meters with a reliable connection. The modules with external 

antenna and power amplification could be reached in about 700 meters with free access. 

Therefore, the modules with antenna and power amplification were used in all later 

experiments (NRF24L01 + PA + LN). 

However, there was a problem with this; the library is not compatible with the ESP32. 

The problem was identified and eliminated using Sloeber. The error was that the ESP32 

uses a different implementation of the printf () function. Since this function is only used 

in a routine that is irrelevant to the developed solution, these occurrences were simply 

commented out by printf (). 

In the next step, the thermal imager was operated as a single function group. Sparkfun 

has provided a sample program on Github that shows a thermal image in processing 

([29]). Since the sample program was what we wanted, we decided to use the code as 
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it is and to expand it according to our needs. At this point, the USB interface must be 

unraveled and replaced by the wireless modules. 

Another small problem occurred: The example created by Sparkfun saves the camera 

data in a float array with 768 entries. A float is 4 bytes in size, so a camera image is 

3072 bytes in size. However, the wireless modules can send a maximum of 32 bytes of 

user data per message, so 96 messages must be sent for one image. 

In order (to begin with) to ensure that an entire image is transmitted, the 16 bit CRC is 

activated. In addition, the modules are configured in such a way that up to 15 new 

attempts are made if a transmission fails. This significantly improves the stability of the 

transmission. Without CRC and retransmission, the connection became unstable after 

approx. 80 meters and there were strange artifacts due to the fact that not all packets 

arrived. With the measures mentioned above, you could still work with a reasonable 

data rate after about 500 meters. 

 

Illustration 24: Thermal image of a human torso 
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At the same time, work was carried out on collision detection using the ultrasonic 

sensors. In order to compensate for the temperature dependence of the speed of sound, 

a DHT22 was used, which can measure the air humidity as well as the temperature. The 

data obtained in this way is sent to the ground via the same medium as the thermal 

image for processing. Unfortunately, this had to be avoided due to time constraints. 

5.4 Result 

Despite some problems that arose during development, this implementation works in 

principle. The transfer of a thermal image works reliably, the other data can also be 

transferred. Time was the only limiting factor here. Pursuing this concept from the outset 

would have provided significantly better results. 

  



  

__________________________________________________________________________ 

Michael Riffel, Markus Brutzer 33 

6 Conclusion and outlook 

In summary, drones are a promising technology with great future potential for a wide 

variety of applications. Existing applications and prototypes confirm diepp. However, the 

current legal situation in Germany and the EU severely limits the use of drones and the 

implementation of some new concepts. There is a need for correction here if the 

attractiveness of drone technology is increased and new fields of application are to be 

opened up. 

The NXP Hovergames drone in combination with the IWR1443 radar sensor and the 

Pixy2 camera is only moderately suitable for autonomous use in rooms. Conditions for 

this would include better processing of the radar data and the expansion of the Pixy2 

from color pattern recognition to image recognition. Furthermore, the size of the drone 

and the lack of design for high temperatures near a source of fire is a problem. 

The second approach is much more promising, and with a little rework, the developed 

solution can also be improved. The presentation of the information on the ground still 

needs some work, but all relevant measures have been taken on the transmission side. 

The hardware structure would also have to be revised somewhat: All experiments were 

set up on a breadboard, which was not ideal, especially for the bus connections. Here 

you could switch to a perforated grid or milled / etched circuit board.. 
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