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1. Short description of your challenge/problem
The increasing nitrogen concentration in the air and soil is a very hot topic these days. The government is trying to reduce the nitrogen output with more regulations which hurts the economy. The agricultural sector is one of the biggest sources of nitrogen pollution. This sector alone is, according to a report from the government, responsible for more than half of the nitrogen emission (TNO, 2019). These emissions have a lot of consequences for our environment and society on different levels. The total annual costs of the European Union per year have been estimated (The Science Communication Unit, 2013) to equal between €70 billion and €320 billion. In addition to this, the extensive release levels of nitrogen have a warming effect on our environment, which means the temperatures on earth are rising slowly.  Moreover, the Nitrogen that is released does not only go into the air but into the soil and water too. The nitrogen that goes into the soil has as consequence a decline in native species of plants (Whitehead, 2018) and that there is an imbalance in the soil nutrients, which causes depletion of other important minerals (such as calcium, phosphorus and magnesium). When the nitrogen abundance reduces important minerals, toxic elements such as aluminum can proliferate and harm the plants, but also get into the water and harm the aqua life. 

The nitrogen emissions must thus be decreased, but there is not an easy solution right now. Reducing the amount of maximum legal amount of livestock on farms caused a lot of backlash from the farmers.


2. Short description of your solution 
‘Measuring nitrogen content in the soil automatically, the farmer can prevent over fertilization based on this information. This reduces nitrogen pollution.’ 

The concrete idea is that we are going to develop a robot, with a GPS and nitrogen sensor, that will drive across the field and measure the nitrogen levels and its locations. The collected data is then visualized according to a heatmap of relative nitrogen levels, which the farmer can use to optimize the fertilizer distribution. 

We feel this is the best solution for our problem because, firstly, it is the most feasible one of the five options. Furthermore it has the least disadvantages and is the most innovative; we believe it is a tremendously advantageous long term solution which can be further elaborated in the future.

Secondly, we think that this solution meets the criteria of a smart environment best. It interacts with the farmers by giving them useful information. The robot also is a smart appliance because of the GPS which makes it possible to operate autonomously.

Thirdly, nitrogen pollution is a huge issue in our current society, and it does not have a concrete solution that is cost-effective and practical just yet. It is a very intriguing challenge for us to find a viable solution.

Reducing the agricultural sector’s nitrogen emissions is very hard to do, because there is no real solution for this problem. To contribute to a solution, we came up with the idea of a smart system that creates a map of the relative nitrogen concentrations in a farm field. The goal of this system is to reduce the nitrogen emission by reducing the fertilizer usage of farmers. To do this we are going to develop a robot which measures the nitrogen level with the help of a light sensor. The measured values are then collected via the IOT and can then be used to create a heatmap of relative nitrogen concentrations. This heatmap can then be used to more efficiently use fertilizer on the farm field. The system can be described with the following diagram:[image: ]


3. Short description of method and tools used (software, hardware) (1,000 words)
We found that the T900 intelligent tank chassis was the best option for our robot. Due to the caterpillar wheels it will be stable on the ground and not be disabled by the rubble on the farmer’s fields. We specifically ordered a version with the maximum power to make sure the robot would be able to withstand riding on a farmer’s field. We made the prototype robot move manually via a controller. However, the idea is that it should drive autonomously in the future.  
 
To control our robot we found that the best way to do it was via using an Arduino mega. Two L298N motor driver boards and one receiver (for the controller) are connected to this Arduino. The L298N motor driver boards each control two of the four motors of the tank chassis. The code that is used is based on the example code from the PS2X library that we downloaded from: 
https://drive.google.com/file/d/0Bzuz9Z6Ay9jzSVkzN3RsYzRPOE0/view. 
With the controller we can control the PWM signal and direction of the motors. For going forward all motors are set forward in the same speed. For turning to the left and right, the motors of the tank drive in opposite directions. It cannot move forward while turning.  
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The motor driver board: 
https://benselectronics.nl/l298n-motor-driver-board/?gclid=Cj0KCQiAsbrxBRDpARIsAAnnz_P-FQ0bQ7M5wRzbRO66rwyPIRULSJL3igfpbbHqqiNDcCmeXrKMxM8aAhMxEALw_wcB/ 
The PS2 controller and receiver are from:  
https://www.conrad.nl/p/arduino-uitbreidingskaart-sbc-wl-controller-zwart-1613300?WT.mc_id=vergelijkers:vergelijk:feed:1613300&utm_source=vergelijk&utm_medium=vergelijkers&utm_term=1613300&utm_campaign=5bce8185-ead9-4969-a37f-b07239aa0457  
Link to the Arduino PS2X library I used for the PS2 controller 
https://drive.google.com/file/d/0Bzuz9Z6Ay9jzSVkzN3RsYzRPOE0/view 
 
Data Transfer 
As for the data transfer from our Arduino, we found that LoRa WAN is the best to use. It has a wide range based on a 868MHz frequency band in Europe. Even if the robot and server are far away from each other, it can still exchange data. This is within a distance of 1 kilometer. This way, if the robot is far away from the starting point, the server will still receive data from the robot on the field. We thought this was the best applicable on a farmer’s field because they are quite big too, and can range a long way form the farm itself.  
The LoRa/GPS Arduino shield is used in our project to get the GPS signal, and to send data from the robot to the server. It is based on a SX1276 transceiver which supports the LoRa Network. It has a L80 GPS module with an internal antenna. Another LoRa shield which is based on the same SX1276 is attached to another Arduino to get data from the robot and send it to the server.  
[image: ][image: ]


Sensor 
The sensor technology is essentially a specific spectral analysis. The optimal absorption frequency of nitrogen content in soil lies in interval between 438-490 (Janin, 2017). From this range we concluded an LED at 465nm would provide proper results.  The robot also needs some a vertically moving part which the sensor can be attached onto. The sensor needs to be repeatedly pushed into the soil for the sensor to be able to measure the nitrogen levels of the soil. The idea is, that it will work via an automatic system that works by means of a scissor-like construction with which the sensor is pushed downwards, and then pulled back upwards again. 
[image: ][image: ][image: ]

However, we must take into account that the ground of the field is quite rough, with a lot of rubble and big clumps of sand. This could damage the sensor. Thus, we want to make some protection by means of a triangle-like form in front of the robot that pushes the biggest roughness away. This way the sensor is protected and will probably last for a longer time.










4. Short description of results/observations/data gathered/graphs (1,000 words and/or 3-4 figures/graphs).
Soil test 1
We made a working nitrogen sensor using a wavelength of 450nm. We found that that was the wavelength at which the nitrogen measurements were most accurate.
To properly assert correct nitrogen sensing, we took 3 soil samples ranked with HIGH, MIDDLE and LOW nitrogen levels. The samples are extracted from farming fields. 
The soil samples with an expected low nitrogen level returned a stable intensity loss of around -468 units. 
(See graph next page).
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For the mid-range soil, the loss in intensity due to absorption of nitrogen was a stable line around -723 units. 
[image: ]

For the soil with the expected highest concentration of nitrogen, we measured a stable -1208 units 
[image: ]
Finally the data is visualized in the heatmap which can be seen on nitrover.nl
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