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Original Logo of the SunSeeker

[bookmark: _heading=h.1pbjyokixmyp]Short problem description
[bookmark: _heading=h.u85otcs9471j]To get to our challenge/problem we first Identified general problems within the agriculture section. These problems are problems like: “How do we make sure the work of the old-generations will be taken over in the future?” , “How do we make urban gardening more popular for the youth while also keeping the older generations?”,  “How to find a good balance between technologically advancing the farming industry and keeping enough jobs for the people?” and many more. 
	Out of these problems we chose the most relevant problems to us and then we chose the problem we liked the best and thought we could solve in a creative way. This problem ended up being: “How to make urban gardening easier for people in smaller homes as well as for people that have no previous knowledge of the subject of growing their own food?”
	We chose this problem because it personally speaks to us. Urban gardening is something our own age group and generation in general is definitely interested in, but does not have the means, space or even the time to try it for themselves. These people tend to believe they cannot do this, or that they need a lot of space to “garden”. We want to give these people the ability to try urban gardening for themselves. Of course we will also find a way to make our product accessible and usable so all generations could use it.
	Of course we have more reasons for choosing this problem, such as the fact that having people learn how to tend to their own garden would create some awareness of the foods they eat and what amount of work goes into growing them. Creating awareness is another important aspect we want to highlight, especially since this might just help lessen the kilo’s of food that is wasted each year since these products are the result of their own hard work.
	And another important reason we have chosen this particular topic is because we feel like we can come up with a lot of interesting possibilities and solutions that would fit within the project. It is a seemingly reasonable and achievable challenge that will be a lot of fun to brainstorm about coming up with interesting possibilities and solutions. 

[bookmark: _heading=h.lbwvxthfise3]
[bookmark: _heading=h.l3eqlkipvmbb]Tools and hardware
In order to create the SunSeeker, the physical body, we made use of wood. Through laser cutting we were able to shape the wood in such a way that you can fit the pieces together like a puzzle. Our logo was also imprinted on the SunSeeker via laser cutting. The logo itself was created by a drawing pad and Corel Painter software. It’s a picture of a sunflower with some explosive- or sun-like colors for the flower.
The SunSeeker uses two RC022-ML202 motors and one 360-wheel to drive around. This makes the SunSeeker a three-wheeler. We thought it might be best to use the RC022-ML202, because they are inexpensive and adequate for our prototype. It uses DC and requires a voltage of 3V-6V. They can have a maximum speed of 300 revolutions (rotations) per minute, so they are not fast. Fortunately, they are waterproof. Since plant pots are likely to get wet when you water them, it’s important to have hardware that either does not get wet or is waterproof. We build cases for all other exposed hardware, except the ultrasonic sensor, to circumvent this problem. The 360-wheel is meant for steering and to balance our product on the ground. The SunSeeker can turn around by making its motors spin in different directions. If the left one spins backwards and the right one spins forward, then the car will rotate to the left and vice versa.
We made use of mainly two types of sensing for navigating around the house.
The first is obviously light sensing. We figured that the SunSeeker should only drive around the house when no one is at home during the day. This also most likely means that all the lamps inside the house will be turned off. If that is the case, then the only sources of light will be the sun or reflections of the sunlight. For this reason, regular LDR sensors should suffice for finding the sun. LDR (light dependent resistors) sensors, as the name suggests, are resistors that have varying resistance, depending on how much light they receive. When they are not exposed to light, they will have a resistance of 1-10 MΩ and while they are exposed to light, they will have significant decrease in resistance. In a situation where they are fully exposed to intense light, they will have a resistance of only 75-300 Ω.  This way our SunSeeker can not only sense light, but also the intensity of the light. If we had only used one, the SunSeeker could already pick the light up. However, it would only know if there is more intense light somewhere else by moving around. Besides that, it would only calculate the highest light value when the sensor itself is inside of the brightest spot. Another problem would be that the sensor can’t be in the middle of the plant pot, which is the actual subject that should be inside the sunlight. What this means, is that having only one of these sensor will never help the SunSeeker find the most optimal position to be in.
We made sure to use four of these LDR sensors because we don’t want to just know if there is light, but also where it is coming from. By having multiple LDR sensors at different locations, the SunSeeker can just try to find the highest average values of light. With the plant in between all LDR sensors, it will also receive the highest average intensity of light. This way the SunSeeker makes sure that the whole plant is actually placed inside the sunlight. Another advantage of using four is that it can track in which direction is the most amount of light. We placed the sensors on the four edges of the SunSeeker. Whenever one picks up more light than the others, the SunSeeker will simply move in that direction until all sensors pick this high intensity of light up.
The other type of sensing we used to navigate is sounds (sonar). Like a bat, the Sunseeker can see object through a sound radar. To achieve this we used the  HC-SR04 ultrasonic sensor. This device transmits sound waves and responds to the received echoes it picks up. The longer it takes for the emitted sound waves to return by bouncing back, the further an object is that it hit. If there is nothing than the sound waves will not return (since there is nothing to bounce off of), causing the ultrasonic to not pick up anything.
We implemented this in our SunSeeker to detect obstacles. We do not want it to just run into objects in the room. It is meant to be used indoors after all, where there will probably be furniture. Of course, these sensors have only a limited range to pick up objects. It can only see what is in front of the sensor and this is also only goes to a certain extend. Besides, it takes some time to calculate and process the distances. The HC-SR04 can sense distances up to 400 cm, which is more than enough for a living room. However, it can only do this with an effective angle of 15˚, meaning it will never sense anything to the sides of the sensor. Our solution for this problem was placing it on top of a servo. Whenever it notices that its front path is blocked, the servo will rotate left and right and leave it there for a while, so it has time to detect if the left and/or right side are clear. The SunSeeker being slow also helps.
Lastly, the brains of the SunSeeker. An Arduino Uno and an Arduino Motor shield L293D are what operates the SunSeeker. Arduino is programmed using C++ coding language. The Arduino Uno computes data and makes sure that all sensors are working. The Motor shield acts like the nerves and muscles of the SunSeeker. It controls all moving components, like the wheels and the servo that rotates the ultrasonic sensor. Everything can be power by a USB-cable, connected to a power source. The power source can be a really long cable (which is not efficient) or power bank. Additionally, you can also use batteries to power the system.
The sunseeker also has an on/off button, but this is only for the sensors, since we only used power banks to power it, which you can already turn off.
We also made two examples of our project. In processing we made a simulation of how the SunSeeker works. We used Unreal Engine 4 to render a 3d model of our project (in its early phase) and created a video using sequencer and cinematic actors in this software. In this video we show how the SunSeeker is supposed to work if it was perfect and had implementations of mapping and pathfinding. Furthermore, we used davinci resolve 16 to render it to a video with subtitles.

Product solution
[bookmark: _heading=h.45zaturhjujf]During our brainstorm for solutions we came up with a lot of ideas for our product, some possible while others were not possible within our budget. Like a special type of glass that becomes less transparent when there is a high intensity of sunlight shining on it, and then using this as a roof for plants. Or a smart smoke machine that can release a mist both to block the sunlight and also regulate the temperature. Of course we also had multiple ideas that did fit in our budget. Like a smart greenhouse with a sensor that measures the surrounding temperature of the plant rather than the plant itself to make sure that the environment is still suited for the plants. Or a smart shroud that can be directly placed on the pot the plant is placed in to cover the plant when the temperature gets too high. A heat regulating pot was also an idea of ours. This idea would mean we’d put heating and cooling elements in the box where the plant and the earth would be placed into, making sure the earth can’t crack from the heat or even freeze in the winter. 
	And now the solution we chose: mobile smart pots. Depending on the time of day, and thus the position of the sun, these pots will move around the area with the use of LDR’s to make sure that the plant gets enough sunlight. The movement could be controlled by either setting the pot on rails or mobilising it by wheels driving on a protocol we designed. We chose to turn our focus towards the mobilised wheel version because this idea seemed the most interesting to us. However if we ever work on our project again we could definitely look into the rails idea again. As for the reason why we chose this solution, it was chosen since it also focussed on our sub-problems relating to temperature and especially sunlight present in an urban gardening setting. The project can also be utilized in a lot of different ways in different environments. And lastly, there is the amount of add-ons we can make which means there are a lot of ways to improve our basic product making it more advanced each time.
During this solution process we also came up with a name for our product: SunSeeker. We thought this name was very fitting since it describes our project perfectly.
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[bookmark: _heading=h.jg4fcfpuvmcf]Results/observation description[image: ]
[bookmark: _heading=h.hqi0ipi2yro0]To simplify our project, we made a design like Figure 1.
[bookmark: _heading=h.whl3dz6lt4bg]After much research we decided that the best way to make our SunSeeker work was to use an ultrasonic sensor at the front to avoid objects. We had planned to use an accelerometer- gyroscope combination to localise the pot but since we had a limited amount of time to finish this project we instead used a navigation logarithm to do this.			
									Figure 1: schematic
[bookmark: _heading=h.d2w3p6gf1bid]
[bookmark: _heading=h.4tjfarik62jl]During the testing period we first tested the movement of the pot itself to make sure if there were problems it wouldn’t be in the movement coding. After this was done and confirmed to be working the second and main phase of testing began.
	 For our main testing phase three separate boxes were used. One was the main box, our SunSeeker. The other two were our stationary shadow and sunlight boxes that functioned as control groups to determine if the technology is actually helping the plants grow better. The plants used for these tests were cress, this is because of the quick growing time of these plants and the clear difference between being placed in the sun or shadow (figure 2).
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[bookmark: _heading=h.jqvfp127hnqq]Figure 2: The left cress has been placed in the shadow, the right in the sun
[bookmark: _heading=h.7pftlrx7twks]
[bookmark: _heading=h.4d054nims6sa]As you can see in Figure 2, the shadow cress grows longer and looks unhealthier. this is because the cress grows longer to try and reach sunlight but since it can’t this is the result.
[bookmark: _heading=h.hxwx3zglvxpo]
[bookmark: _heading=h.xatnwuu5i0nj] In the main testing phase there are a few different components and aspects that we have focused on. Firstly the pot had to be placed in a more shadow-rich space on purpose to see whether or not it moved itself to the lighter location. Secondly we tested it on its ability to stay clear of other objects, using the ultrasonic sensor, by an obstacle course. And lastly it was allowed to roam free to determine what it would be doing while moving on his own as well as show whether or not it could make a difference on the growth of the plants. Unfortunately due to it being cloudy winter weather the results were not as visible as we had hoped, but looking at the boxes there was a slight difference.
	Since this is the end of this project, we looked at a list we created at the beginning with epics and features. Some of those features we’d like to use if we ever continue this project, like: the SunSeeker working with an automatic watering system, the SunSeeker driving on electricity collected from solar panels, it being able to drive on more silent motors, setting temperature-boundaries etc.
[bookmark: _heading=h.pjw6ja4lf6o]
[bookmark: _heading=h.noq7vhq7sthk]To conclude this description, our SunSeeker is a project which is certainly useful in the smart agriculture sense. It’s very convenient for people who want to start urban gardening but don’t know how, don’t have the time or don’t have the space. It’s a project with great potential and lots of other possibilities.
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