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0. Introduction 

 

For centuries, traditional agriculture has been the primary resource of food for mankind. 

However, this method is susceptible to environmental changes, weather and natural disasters, 

becoming a method that doesn’t guarantee a stable production of food. 

Moreover, the concept of cultivating fruits and vegetables at home has been a recurring 

topic for those who want to know what they eat and enjoy the process of growing their own 

vegetables. The growing concern about the treatment given to plants that they buy at the store, 

the use of pesticides and other problems in recent years have made people increasingly aware 

of what they eat. However, although many people have wanted to start taking charge of the 

food they eat most households do not have a terrace or balcony to do it properly, leading to 

many lovers of agriculture not to perform this activity at home. Would it be possible to find a 

solution to this problem? 

This was the initial approach that was taken to the project that will be explained below; find 

a solution to the problem of growing fruits and vegetables from the comfort of home, and make 

it easy, fun and above all, in a productive way for user to dispose of their crops at any time. 

For this purpose, a process of information gathering and analysis made possible to generate 

various concepts that have ultimately served to reach the final solution. 
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1. Objective 

The objective of the project is to find a solution to the problem of growing fruits and 

vegetables at home. This includes analyzing ways of growing different plants, analysis of the 

needs of the different types of potential users, concept generation and final design. 

A plant factory is a product that helps the user to grow plants allowing the user to control 

the key factors that affect plant growth such as temperature, light, humidity… so as to assure 

optimal conditions. Nowadays many plant factories are fully automated to ease even more that 

task for the user. However, these products are not suitable for home use, and it is necessary to 

scale down and redesign these plant factories so that users can grow plants on them at home. 

To achieve this, it is necessary to learn about the different gardening techniques and market 

products and analyze the consumers, their needs, desires and expectations so the design 

process becomes the most optimal.  

Moreover, the aim of the development is to reach a functional prototype, developed in 

Arduino that serves to see firsthand how the product meets user expectations and develop all 

the elements to be included in the marketing, thereof: packaging, set –up instructions, and any 

accessories that may be needed depending on the final design. 
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2.  Research on domestic cultivation and urban farms 

 

2.1 Introduction 

The main topic of this project is the agriculture. To design a real solution to the proposed 

problem it is necessary to know how agriculture has evolved throughout history and how it has 

been integrated in large urban cities in which we live today. As explained below, the exodus 

from the countryside to the city during the Industrial Revolution has been one of the key 

events, and along with the growing concern about what we consume has made possible the 

emergence of different systems of urban and domestic crop. 

 

2.2 A brief history on agriculture 

2.2.1 Origins  

The origins of agriculture started during the Neolithic period, when societies evolved from a 

hunting, fishing and gathering way of life to a cattle rising and agricultural way of life. The first 

plants cultivated during this age were cereals like wheat and barley. 

The transition from the hunting economy to the economy of production occurs gradually 

due to climatic changes, which caused temperatures to become warmer, decrease of hunting 

animals and gathering food, and desertification in some regions. These changes in the economy 

of societies led women to devote to motherhood intensively, allowing a higher density of 

population, a sedentary lifestyle and creating increasingly complex societies with specialized 

craft and commercial activities. 

 

2.2.2 Ancient Rome 

During the times of the Ancient Rome, cereals and vegetables were grown in addition to 

wheat, which became the staple food for centuries. Agricultural techniques were based on the 
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use of ox-drawn plows and the fallow system. This system consisted in leaving portions of land 

without planting any vegetables for several growing seasons so they could retrieve the 

properties and chemical composition of the soil and prevent the generation of pathogens due 

to the continuous interruption of their cycles. Oil presses, fertilizers and irrigation techniques 

were also developed. 

 

Throughout the Roman Empire, the peasant lifestyle was idealized as a simple way of life 

based on moral, family and public values. However, with the territorial expansion and the need 

for an extended military service, many small farms went broke and new ways of slavish 

production appeared. Over the years, these slavish forms were replaced with feudalism in 

which the slaves became serfs and where the Empire returned to the countryside, becoming 

self-sufficient rural villaes. 

 

2.2.3 Middle Age 

Throughout the European Middle Age some major technological innovations were 

developed, being the main one the improvement of the dynamic of the feudal production. The 

slaves became servants that obtained greater benefic if they improved their production. During 

these times, the active peasant became the main economic and labor force. 

 

On the other hand, among the innovations introduced during this time, the use of heavy 

plows allowed the cultivation of the lands of northern Europe. So were water mills, which later 

would be replaced by windmills that were introduced from Persia. Besides, tools such as 
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threshing, sickles and scythes were also improved and peasants passed from using oxen to 

horses for hard fieldwork as a drafting animal thanks to the development of the horseshoe and 

the collar, allowing the horse to carry larger loads with less effort. This increased the efficiency 

of transport and trade between rural communities. 

In some particularly fertile lands crop rotation was introduced, which reduced fallow times 

from 50% to 33%, increasing production and making it more diversified. 

 

2.2.4 Modern Age 

During the Modern Age an agricultural revolution, prior to the Industrial Revolution of the 

eighteenth century, intensified crop yields due to the technical and production improvements 

and the introduction of new crops. This was mainly in Holland and England, while in the lands of 

southern and eastern Europe the feudal economic systems were still the main systems. 

In addition, the age of discovery allowed an exchange of crops worldwide: the products 

from the New World such as sugar cane, corn, potato, tomato, pepper, coffee and snuff 

diversified European agriculture. 

 

2.2.5 Contemporary Age 

The use of chemical fertilizers (phosphates, nitrates, etc.), the mechanization and the 

scientific studies of the soil and the agricultural engineering transformed agriculture in the late 

nineteenth century, similar to industrial activity in their connection with science and 

technology. However, dependence on the weather and the periodic emergence of pests (Irish 

Famine of 1845-1849, affecting potato, phylloxera since 1863, with involvement of the vine) 

produced periodic agricultural crises. 

The Green Revolution of the late twentieth century meant a qualitative leap in the 

modernization of agriculture worldwide, based on advanced high-yield seeds, and the 

experienced  new boost to biotechnology (GMOs) in the late twentieth century. Simultaneously, 

the widespread move towards a market agriculture produced the growing dependence on 

pesticides and intensive subscriber with serious environmental problems such as pollution of 

soils and aquifers and a drastic reduction of biodiversity; what we have tried to respond with 

the approach of a so-called sustainable agriculture. 

 

2.2.6 Present 

During the twentieth century, especially with the emergence of the tractor, the demanding 

tasks of sowing, harvesting and threshing could be made quickly and at a previously 

unimaginable scale. According to the International Academy of Engineering of the United 

States, the agricultural mechanization is one of the top 20 engineering achievements of the 

twentieth century. In the early twentieth century in the United States a farmer was needed to 

feed 2-5 people, while today, thanks to technology, agrochemicals and current varieties, a 
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farmer can feed 130 people. The cost of this productivity is high energy consumption, usually of 

fossil fuels. 

 

Modern agriculture relies heavily on technology and the physical and biological sciences. 

Irrigation, drainage, conservation and health, which are vital for successful agriculture, require 

specialized knowledge of agricultural engineers. Agricultural chemistry, however, deals with the 

application of fertilizers, insecticides and fungicides, repairing floors, analysis of agricultural 

products, etc. 

Seed varieties have been improved to the point of germinating faster and having shorter fit 

stations in different climates, and current seeds can resist pesticides able to exterminate all 

green plants. Moreover, hydroponics, a method of cultivating plants without using land and 

using only water and chemical nutrients solutions can help meet the growing need for 

production as the world population increases. 

Other modern techniques that have contributed to the development of agriculture are 

packaging, processing and marketing. Finally, food processing such as rapid freezing and 

dehydration have opened new horizons for product marketing and increased potential markets. 

 

2.3 Urban agriculture 

2.3.1 History 

In ancient Egypt community wastes were used to feed the urban agriculture, in Machu 

Picchu water was preserved and reused as part of the stepped architecture of the city, and 

vegetable beds were designed to take advantage of sun hours in order to prolong the growing 

season and in Germany home gardens emerged in the early 19th century as a response to 

poverty and food insecurity. 
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The idea of supplementary food production beyond rural agricultural operations and 

imports from countries is not new and has been used during times of war and the Great 

Depression, when food shortages emerged. Already in 1893, the mayor of Detroit advised the 

citizens to use any can or empty container to grow vegetables. They were called Pingree's 

Potato Patches, for it was the mayor Hazen S. Pingree who came up with the idea of using these 

gardens to produce income, food supply, and even increase self-independence in times of 

difficulties. 

Furthermore, in 2010, in the city of New York the greatest people built roof farm of the 

world was inaugurated. 

 

Thanks to modern technology, urban agriculture today can be useful to help both 

developed and developing countries. 

 

2.3.2 Victory Gardens 

In the first half of the 20th century, during World War I and World War II, many countries 

such as USA, UK, Canada and Germany, asked their citizens to grow their own plants to 

contribute to the country, due to the intensive use of resources produced by wars. This served 

as a way to reduce domestic demand for resources. During World War I, President Woodrow 

Wilson asked all US citizens to use any open space available for growing vegetables, seeing this 

as a way to get them out of a potentially harmful situation. Because most of Europe was 

consumed by war, they were unable to produce enough food to be shipped to the US, and a 

new plan was launched with the intention of feeding US citizen and even provide a surplus to 

other countries in need. By 1919 more than five million parcels were being grown and more 

than 500 million pounds of products were harvested.  

A similar practice came into use during the Great Depression that provided a purpose, a job, 

and foods to people that would otherwise be without anything during these difficult times. In 

this case these efforts helped raise the social morale, as well as to boost economic growth.  

More than 2.8 million dollar worth of food was produced from subsistence gardens during 

the Depression. At the time of the Second World War, the War/Food Administration established 

a National Program, the Victory Gardens, to establish systematically run agriculture within cities. 
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With this new plan of action, all 5.5 million Americans took part in the Victory Garden 

movement and more than 9 million pounds of fruits and vegetables were grown annually, 

representing 44% of products grown in the United States during that time.  

 

The Victory Gardens became a success and by the end of the Second World War, more than 

20 million home gardens were capable of supplying 40% of the consumption in the United 

States. However, after the war and during the 80s and early 90s, due to the growth of the 

economy and the consumer society, this trend stopped and only a few people continued to 

work their home gardens. 

 

2.3.3 Community Gardens 

In 2009, Barack Obama began to grow his own garden at the White House which resumed 

the trend of domestic cultivation due to economic and environmental reasons. In 2009, the 

number of households that planned to plant their own vegetables rose to 19%. 

However, many people do not have access to a private courtyard, so a community-based 

infrastructure for urban agriculture began to settle in cities. These community farms were 

created on common land, where gardeners care for individual plots in a larger area, often 

sharing a tool shed and other amenities. 

The benefits they bring to cities that implement this practice are numerous. The 

transformation of cities from only food consumers to generators for agricultural products 

contributes to sustainability, improved health, and poverty alleviation. 
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2.3.4 Guerrilla Gardens 

Guerrilla farming is a method of protest in which protestants grow vegetables in abandoned 

areas of land within cities. These activists seize a piece of land that has been abandoned by its 

owner to grow crops or plants. Activists occupy a portion of uncultivated land or whose crops or 

plants are not theirs, and they formulate the need for re-consideration of how land tenure 

works to reclaim the space used incorrectly and assign a new purpose and usefulness. 

                 

  

Many of these farmers carry out their occupation at night, in relative secrecy and care to 

plant a new garden. Others work in a more open manner, seeking the cooperation of members 

of the local rural community in which it is conducted. The act thus becomes a form of proactive 

activism or pro-activism. 
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3. Research on cultivation methods  

 

3.1 Introduction 

When talking about gardening, there is a wide variety of practices, methods and styles that 

vary depending on the plants, flowers or vegetables that want to be grown. However, successful 

plant cultivation depends on many factors such as light, temperature, humidity, soil type, and 

water.  

In this paragraph the main cultivation methods will be analyzed, as well as the research 

about the key factors and conditions that allow an optimal plant growing and how to get those 

conditions in a controlled environment. 

 

3.2 Container gardening 

The first of the methods to be analyzed is container gardening. Container gardening is the 

most similar method to traditional gardening; it consists on cultivating plants in small or big 

containers with soil. For this, an adequate drainage is required, and the containers should be big 

enough for the plant that is growing inside. Moreover, plants should always get enough 

amounts of light and oxygen, and the percentage of humidity must be optimal. This practice is 

already spread among the people who want to grow their own vegetables at home. 

 

3.3 Hydroponics 

Hydroponics is a method of cultivation that consists on growing plants using water and a 

nutrient solution dissolved in the water instead of soil. Hydroponics provide a constant growth 

of plants, since is not dependent on soil nutrients or diseases, and allows to grow plants all year 

long, avoiding seasonal cycles. 

Among the hydroponic methods there are two main ones: a solution method and a medium 

method. The solution method uses only a water solution for the roots, and can be developed in 

three different ways: static solution, continuous-flow solution and aeroponics. On the other 

hand, the medium methods use some solid medium for the roots that can be made of sand, 

gravel, or rock wool. 

In the static solution method, plants are grown in a container with only water and the 

nutrient solution dissolved in it. The solution is usually aerated but can be un-aerated too. 

However, in that case part of the roots is left out of the water so they can get enough oxygen. 

Moreover, the reservoir (the container for the water) should be light excluding to prevent the 

growing of algae.  

The continuous-flow method works with the same basis as the static solution but in this 

case it uses a pump to generate a continuous flow of water in the reservoir. In this method it is 
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easier to control the amounts of nutrients, oxygen and temperature, since they can be analyzed 

and modified in a bigger tank that serves many smaller reservoirs.  

Finally, the aeroponic method keeps the roots in an environment saturated with the 

nutrients and water in the form of fine drops generated with an aerosol. Therefore, there is no 

water or soil needed, since the roots stay suspended during the entire process of growing. 

For the medium methods the most common one is the rock wool method that uses rock 

wool as the base where the roots are kept. Rockwool is a kind of wool made of basaltic rock and 

limestone, that are melted and put in a spinning chamber together so thin fibers of the material 

are created until they form a cotton candy like material. For the gardening, it is necessary that 

the rock wool keeps the roots properly moisturized and with the right amount of nutrients for 

the plant to grow.  
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4. How to grow your plants 

 

4.1 Introduction 

The next paragraph contains the research and information about the required environment 

for different plants to grow properly. As it has been mentioned before, the main characteristics 

that allow plant growth are light intensity, humidity, nutrients and oxygen. 

This research, and all the information obtained from it was made at Zhejiang University, 

same institution where this project has been developed, during a previous research about plant 

factories made with the University of Singapore. 

 

4.2 Light intensity  

The first experiment intended to understand how light intensity affects plant growth. For 

this, different numbers of plants (12, 24, and 36) and a different number of LEDs (1, 5, and 10) 

were used, always in a constant area.  

During these experiments, it was observed that the number 

of plants didn’t affect the results and it was inconclusive. It 

was concluded that for future repetitions, a larger amount 

of specimen of plants could be used at the start to allocate 

more time for the experiment. 

As for the number of LEDs, a few conclusions were made. 

Since the rate of photosynthesis is dependent on the 

intensity of the light received, depending on how many light 

the plants get, the bigger and faster they will grow. 

It is known that the number of LED lamps used to grow 

plants affects the way they grow: the plants living with more 

LEDs tend to have bigger leaves so the surface is bigger and 

they get a bigger amount of light; they also have fatter 

leafstalks. On the other side, those with less LEDs will have 

smaller leaves and longer but thinner leafstalks, since they try to get more light from the source 

of it. 

 

4.3 Light spectrum 

Regarding to the light spectrum, the effect on different light colors was also analyzed. 

For this experiment 3 boxes were set with red, blue and white lights and 3 different heights. 
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It was observed that the plants will grow in a different way depending if they are given 

red, blue or white light. The plants that grow with blue light tend to get enough light from the 

source, since their leaves are big and the leafstalks wide and short. However, the ones that 

grow with white or red light have small leaves and thin and long leafstalks. 

The distance between the light source and the plants also affects at the way they grow. 

Obviously, the plants that have the light source closer grow better than the ones with a more 

distant light source, since they get a higher light intensity.  

 

4.4 Light position  

Moreover, another experiment was made to analyze the effect on the light position. For 

this experiment 3 boxes were also set. The first one would have the light source at one side of 

the box, the second one on the top and the third one at both sides and on the top. 

The conclusions of this experiment were that if the LEDs are positioned at the sides of 

the plants, the plants that are more close to the light source will grow better than the ones in 

the middle. In addition, the plants on the sides will grow in the direction of the light source to 

get a bigger amount of light. The plants that grew in the box with the light source on the top will 

grow straight in the direction of the source and the ones in the box with multiple light sources 

had the best growth out of all of them.        
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4.5 Soil type and air conditions 

Finally three different ways of giving nutrients were analyzed (hydroponic, garden mix soil, 

and normal soil) and also on three different conditions of plants (fanned and ventilated, fanned 

but not ventilated, and ventilated but not fanned). It was discovered that only plants that are 

fanned and ventilated survived, while the rest died. Through this, it was concluded that air 

circulation and air passage are paramount to ensure the plants’ growth. 

 

4.6 Conclusions 

With all these experiments, it was concluded that for maximum growth of plants, it is need 

to: 

1. Put the plants as close to the light source as possible. However, if the plants are placed 

too close or under lights that are too strong, they may become brittle and die. 

2. Ensure healthy and sufficient air circulation around the plants. 

3. Provide sufficient and even light source to all the plants. 

4. Blue light color stimulates plants to grow wider and healthier. 
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5. Current plant factories 

 

5.1  Introduction 

In the last years, many products that aimed to make possible the home plant growing 

have appeared in the market. Many of them have different objectives; while some take only the 

aesthetic part of plant growing, others focus on the function to give the opportunity to actually 

eat the vegetables after growing them. In the next paragraph, different available products will 

be analyzed to obtain the main characteristics and the strong and weak points of them. 

 

5.2  MEG: Micro Experimental Growing 

MEG is a fully automated greenhouse that gives the opportunity of growing any kind of 

vegetables at home, and it combines it with a social platform so users can share their feelings 

and knowledge. 

 

 

In this product, the plants grow in pots previously prepared by the user, ensuring that 

the soil provides enough nutrients for the plant to grow and that there is enough space for the 

roots to develop. Obviously, when the plant starts growing, changing the pots for bigger ones 

might be necessary. 

But, one of the main features of this product is the online platform. The dedicated 

online platform gives the opportunity to share and acquire information about cultivations, learn 

how to grow different plants and share your achievements with other people. This shared 

knowledge database will be accessible to any MEG user all over the world and makes the 
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product more interesting for people who might be afraid of using it because of a lack of 

knowledge. 

However, even if it’s totally automated, user still can control and modify all the key 

parameters of plant growing such as: light cycles, ventilation, temperature, irrigation, and soil 

Ph. In addition, MEG gives the possibility of controlling the light spectrum, so users can chose 

the one that adapts better with plants photosynthesis needs. 

This can be done with a household application that can be controlled with a 

smartphone or a tablet. The household-appliance-like user experience and usability is combined 

with an overall power consumption of a standard flat TV. 

 

    Even though it is still in development, some pros and cons can be obtained from this 

product. 

As for the positive characteristics, some of them are really obvious. First of all, it is a 

totally versatile product that allows growing any kind of vegetables that the user wants, as long 

as the user has access to the information about all the parameters involved in it’s growing. The 

fully customizable parameters, household application, remote control and backup social 

platform make this possible for the user. 

However, there are few negative points for the MEG. The main point is that, even 

though it provides a social platform filled with information, this could still be a handicap for 

many people, not solving the main problem for them: user- friendliness. This makes the product 

not suitable for elder people or not technology friendly people because although the 

information is somewhere in the net, accessing it could be a hard task for many people. 

The second negative point is related to aesthetics. The product still looks like a 

prototype or a developing product and it doesn’t really fit into the aesthetics of any nowadays 

homes. 

 

5.3 Click and Grow 

Click and Grow is a smart pot that allows growing a variety of herbs in the simplest way 

possible. It consists of a planter pot that is powered by four AA batteries and features sensors 

that monitor the various parameters affecting the plant's growth. There's no need for soil as the 

system uses aeroponics. 
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Seeds are planted using special cartridges that contain the seeds, nutrients and the 

software that provides the pot with all the information for growing the specific plant. Once the 

cartridge is inserted to the pot, the user only needs to add some water when the device asks for 

it (once every month), and replace the batteries every 8 months approximately. Once the plants 

life cycle is finished, it is possible to replace the cartridge for a new one.  

 

 It allows growing basil, thyme, lemon balm, mini tomatoes, spinach, peppermint, salad 

rocket or strawberries only needing to add some water when the device asks for it.  

Click and Grow is a really easy to use and simple product. It has a neat design, it works 

perfectly as a plant growing device and as an elegant flower pot at the same time and 

everything in the packaging is set up for the user to unbox it and start growing his plants. 

However, it doesn’t offer any type of customization. 

   As stated before, the positive points for this product include a good design, ease of set up 

and use and neat overall product design; everything seems to fit perfectly in it. 

However, the product lacks on giving the user a “farmerish” experience, taking from him 

the feeling of achievement after growing the plants since the pot does everything on its own 

and it only needs some more water from time to time. Moreover, it doesn’t give any 

customization possibility and each pot it is only capable of growing the plants it was designed 

for. 
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5.4 Home Lohas 

Home Lohas is a hydroponic home gardening appliance that is hassle-free and low-power 

consumption. Moreover, it ensures a 30% speed of growth increase.  

It consists of a closed box with a reservoir of water on the base that is not cycled (it doesn’t 

have a pump to take water from a bigger tank and transport it to the reservoir). This implies 

that the water must be changed by the user from time to time when it gets corrupted and that 

the user needs to add the nutrients manually when necessary. 

On the other hand, the environment inside the device is completely controlled and can be 

modified by the user depending on his the needs. For that matter, the product includes a 

variety of functions that can be selected using the screen and buttons on the top middle of it. 

 

 

 

 

 

 

 

Whereas Home Lohas combines some of the good characteristics of the previous products, 

such as the possibility to decide which plants you want to grow of the MEG or he good design 

and simplicity to use of the Click and Grow it also has its own issues that can be analyzed. On 

the one hand, the issue about needing to change the full tank of water, that has to be done 

removing a whole reservoir from the product which can be a problem for some users. And on 

the other hand the nutrients must be manually added too. 
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5.5 Aero Garden 

The Aero Garden can be used to grow small amounts of vegetables, herbs, salad plants, 

and flowers. The seeds for these plants come in special seed pods even though consumers can 

also use their own seeds with a custom kit and the plants get artificial sunlight from CFL or LED 

lights. It comes in several different sizes, accommodating 3, 6, or 7 seed pods at one time. Most 

Aero Gardens have an adjustable light hood that can be used to grow plants that need to grow 

taller, such as tomatoes. All of them make use of liquid fertilizer that is mixed into the water 

reservoir. 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://en.wikipedia.org/wiki/Vegetables
http://en.wikipedia.org/wiki/Herbs
http://en.wikipedia.org/wiki/Salad
http://en.wikipedia.org/wiki/Flowers
http://en.wikipedia.org/wiki/Tomato
http://en.wikipedia.org/wiki/Liquid_fertilizer
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6. User research 

 

6.1 Introduction 

After analyzing the products that can be found in the current market, it is necessary to 

analyze the people who the product is going to be targeted to. The approach to obtain data 

from the possible customers has been split in three parts. The first one consist on the analysis of 

the western/Spanish market using a survey that has been sent by email. The seconds part 

consists on the analysis of the Chinese market using a similar review but in a research made in 

2009 by students in ZJU, who’s aim was the same we have in this research. Finally, the third part 

consists on merging all the data and analizing the information given in western and eastern 

cultures to obtain the final needs of the users. This would allow obtaining a wider range of 

information and to combine those two sources to get the most complete design needs. 

The only restriction for people to do this survey was that they needed to be older than 18 

years old since this kind of product can be targeted a very wide range of people.  

 

6.2 Survey 

Plant Factory is a plant growing station that allows growing your own fruits, vegetables etc.  

at home, allowing to enjoy the freshest vegetables without any additives or pesticide from the 

comfort of your home. It can also save a lot of money since the seeds are very cheap and the 

energetic consumption of the product is really low compared to other household appliances.  

The aim of the following survey is to analyze the concerns and needs of potential users in 

order to be able to comply as fully as possible with their expectations. 

Personal data 

- Age: 

- Average monthly income: 

- House size: 

Less than 80 m2 

Between 80 and 110 m2 

More than 110 m2 

 

- Do you have any previous experience in plant growing? 

- Would you like to have a Plant Factory at home? 

- ¿What would you like to grow? Write some examples below: 

Vegetables: 



Unai Villanueva Errazquin         Design of an interactive plant growing device for children      

25 
 

0

2

4

6

8

10

12

14

16

Low Medium High

Monthly income level 

Monthly income
level

0

5

10

15

20

House size 

House size

Fruits: 

Tuberss: 

Spices: 

Flowers: 

Trees: 

Mushrooms: 

Others: 

 

- Main reasons to grow your own vegetables/fruits: 

 

- Main reasons to NOT grow your own vegetables/fruits: 

 

- ¿What do you expect from a Plant Factory? 

 

- ¿Where would you like to have it? 

 

Kitchen 

Balcony 

Window 

Others 

- ¿How much space would you like to give up for the Plant Factory? 

 

6.3 Data analysis 

6.3.1 Western market      

The analysis of the western market has been done with people with ages between 20 and 

59, with different monthly incomes and home sizes and includes 25 surveys. The raw data 

obtained with these surveys is the following one:  
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Unai Villanueva Errazquin         Design of an interactive plant growing device for children      

27 
 

0

2

4

6

8

10

12

14

Where to put it 

Where to put it

 

 

  

 

 

 

 

 

 

- Reasons to garden your own plants 

 

After analyzing the different data sources and people’s opinions it is possible to get two 

different main statements about the reasons to grow plants at home: people wants to grow 

their own plants because it’s healthier and cheaper, but they are afraid of not being able to 

know how to do it, or to not have enough space at home for the machine or the plants. 

However, there is some information that can be obtained if we look at the reasons to garden, 

depending on the size of the home and the monthly income. 

On the one side, for people with small houses, where the space to put a plant factory could 

be a problem, they prefer to use the plant factory more as and entertainment than an actual 

plant growing tool for eating home grown vegetables. On the other side, people with bigger 

houses and more space to have this kind of factory, they are whiling to grow their own 

vegetables to consume. 

If we look at their monthly incomes, people with less incomes prefer to use the plant 

factory as a way to obtain vegetables to eat, while people with less economic problems prefers 

it as an entertainment tool. However, the vast majority prefers it as way to obtain fresh and 

healthy vegetables. 

On the other hand, one of the main issues with the results comes from the question Do you 

want a Plant Factory? Since 8/20 interviewees answered that they do not want or need one. It 

is necessary to analyze this in a deeper way. 

If we compare the results of the people who stated that they don’t want a plant factory 

with the answers they gave to the questions Previous experience and Why not to grow your own 

plants we can obtain some useful data. These 8 people who don’t seem to want a plant factory 

at home are some of the people who answered that don’t have any previous experience in 

gardening and don’t have time or don’t know how to take care of their vegetables. Therefore, 

their answer might be influenced by the fact that they don’t have the knowledge and are afraid 

of doing it wrong and in conclusion they prefer not to waste their money in such product. 
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- Vegetable preferences 

 

The majority of the respondents consider more important to be able to grow vegetables or 

fruits instead of other things such as spices, mushrooms, flowers or trees. Among the 

vegetables, the more requested ones are lettuce, onion, garlic, tomato and leek; which are the 

base of the Spanish diet.  

If we look at the fruits, the preferences are more spread, but apples, pears and bananas are 

the most requested ones. Other fruits such as strawberries, blueberries or blackberries are also 

requested. 

 

- Where to put a PF machine 

 

According to the Spanish standard of living, where the majority of people live in flats with a 

5m2 approx. balcony, and small kitchen or living room, the majority of respondents suggested 

to put the PF in their balcony. However, people with gardens preferred to put it there, and they 

were whiling to sacrifice half of their garden to put this kind of product in it. 

However, the location for the product will depend on the size of it. The ones who buy this 

machine to grow plans for consumption will need a bigger space to put it, since a machine that 

provides a continuous source of vegetables is going to be big. On the other side, people who 

only want it as an entertainment will have a wider range of possibilities to place it, since the 

product should be smaller. 

  

 

6.3.2 Chinese market 

For the Chinese market, only a few surveys have been able to be sent due to linguistic 

problems (the surveys were made in English and it was difficult to find people who spoke it 

fluently). Therefore, to analyze the Chinese market a previous research made by students at ZJU 

in 2009 has been used. In this research the questions made to different people were similar to 

the ones made this summer to Spanish people. The Chinese market research has been done 

with people with ages between 18 and 25, most of them where students, so the data obtained 

from them it’s in a different range that the data obtained from Spanish people (they don’t have 

a fixed monthly income or their own house, but it is possible to obtain some useful data from 

their opinions). 
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- Reasons to garden your own plants 

 

First of all, people who want to pick up gardening as a mean to past time are usually those 
who value the aesthetics of a product. Moreover, they consider the simple to use and low cost 
as key considerations. 

 
Among the Chinese people, the low income group and those who stay in 3-5 room 

apartments are more likely to quote fun as the main reason to adopt gardening. People who 
quoted fun are also those who are willing to put in more effort in growing plants. 

 
On the other side, people who are whiling to pick up gardening as a way of getting fresh 

vegetables are less aware of the looks of the product. People who do gardening for personal 
consumption consider the multifunctional factor to be rather important as compared to people 
that garden for other reasons, and they do not really require the product to be fully automated 
or simple to use. 

 
For respondents who quoted personal achievement as the reason to pick up gardening, the 

Chinese are commonly staying in small or rented apartment and have low income. 
 
The low income group and those who just started their family in China, they tend to be 

those who quote family as their main reason for adopting gardening, so that it can provide their 
family with an alternate source of organic vegetables as well as providing greenery and cleaner 
air. 

 
Furthermore, people with previous experience in gardening are more confident about using 

this type of product.  
 

- Vegetable preferences 

 

Majority of the respondents considers the freshness of the vegetables before all other 
factors when they are grocery shopping. However there are a significant number of people who 
consider quality as the top priority. Interestingly there is a significant number of Chinese who 
consider personal preference/feeling as the top consideration when purchasing. This is probably 
due to the nature of the vegetable markets in the country since vegetables are supplied to 
markets directly from local farms in China, hence there are less distinctions between the 
vegetables. 
 

- Where to put a PF machine 

 

As in the western market, the most requested place to put a PF machine is rather on the 

balcony (the first option) or in the window. None of the respondents considered the option of 

putting the machine inside the house due to the fear of being too big to be able to fit it there. 
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6.3.3 Chinese market vs. Western market  

In order to get the final user needs, it is necessary to analyze the data obtained by both, the 

Chinese and western markets. First of all, let’s take a look at the reasons to garden their own 

vegetables. 

 

- Reasons to garden your own plants 

 

As seen in the graphs, for western people the main reasons are health and ecological 

reasons and for Chinese people entertainment or self-consumption. However, it is possible to 

make a separation between people in these two markets: low or medium income people and 

high income people.  

In both markets, it is seen that people with low or medium incomes prefers to grow the 

plants for personal consumption, because it is a cheaper way to get vegetables for eating. On 

the other side, people with high incomes, is not worried about the problems of getting 

vegetables in the market so prefers to use the product as an entertainment device, instead of a 

source of food for consumption. 

 

- Vegetable preferences 

 

Looking at the vegetable preferences, there is a big difference between the two markets. 

The main reason for this is that both markets choose as main vegetables the base of their diets. 

For example, in western countries lettuce, onion, garlic, tomato and leek are the base of many 

dishes. 

Moreover, Chinese people seem more interested in growing fruits and vegetables such as 

leafy greens, onions, carrots, celery, broccoli, or bamboo shoots. 

 

- Where to put a PF machine 

 

People in both markets agree that the best place to put this kind of product should be in the 

balcony. 

 

- Interest in buying plant factory 

 

In China, people who never had gardening experience but are interested in trying it out are 

the most likely to purchase a plant factory. Among those who are not interested around three 

quarters of them would likely purchase a plant factory. However, those who had gardening 
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experience are the least likely to purchase the plant factory. They think that there are 

insufficient reasons to purchase a plant factory to improve their gardening experiences, or the 

improvements provided by the plant factory do not justify it’s cost. This group is pretty satisfied 

with the current way of gardening. 

Moreover, respondents who are unwilling to put in efforts to grow plants are likely to spend 

more money to purchase a plant factory. This is probably due to a lack of time but they are still 

keen on gardening. However in China, those who are unwilling to put in effort at the same time 

do not wish to pay for more than 700RMB (85€ approximately) for the plant factory.  

 

6.3.4 User needs analysis conclusions 

After analyzing the two markets and all the data obtained these are the conclusions that 

have been obtained: 

There are two types of target users, the user that wants the product as a vegetable source 

for consumption and the user who wants it as an entertainment device. 

For the first type of user the needs that can be obtained from the data are: 

- It has to be customizable. This means that the user should be able to grow any 

vegetable or fruit that he wants. For example, people from western countries and 

people from eastern countries should be able to grow the plants that are more 

common in their countries in the same machine. 

- It has to be able to provide an enough amount of vegetables for self-consumption. 

- It has to be easy to use for people with no experience in gardening and have enough 

customizable features for experienced people to grow whatever they want. 

- It has to be able to be placed in the balcony or kitchen, depending on how it will be 

used. 

For the second type of user who will use it as an entertainment device the needs obtained 

from data are: 

- It has to be easy to use, almost plug and play. 

- Customization is not a must have. 

- It has to work as a decoration product and a plant growing device. 

- It doesn’t have to provide a big amount of vegetables. 

- It can include other features apart from growing vegetables. 

 

6.3.5 Selection of a user target 

As stated in previous pages, one of the main goals of this project is to build a functional 

prototype that serves to see firsthand how the product meets user expectations and develop all 

the elements to be included in the marketing.  Taking this into account, during the user analysis 

phase, it was deduced that building a functional prototype for the first type of user target 
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(people who want the device to grow enough plants for self-consumption) would imply a too 

big amount of resources that weren’t available when this project was developed.  

Moreover, developing a product for people who will consider it more as a past time activity 

opened a wide range of possibilities regarding to other uses, functionalities and combinations 

that make the process of design much more interesting. For these reasons, it was decided that 

the user target for the design of the product would be the people who will use it as an 

entertainment device. This user target goes from kids to elder people, and people with 

medium- high incomes. 
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7. Concept generation 

 

7.1 Introduction 

After selecting the target user, the first step towards designing the product was to generate 

different concepts that could fulfill users’ needs and desires. However, with the target user that 

had been selected the possibilities for the concept design were infinite. Being so, during this 

concept generation and previous to start designing different product proposals, an investigation 

step was taken to explore different ideas and analyze if they were doable.  

 

7.2 First concept generation 

When starting to generate concepts for this project, the method that has been used was 

approached as a divergence and convergence method. This method consists on generating as 

many ideas a possible, to analyze them, select the best ones, and regenerate ideas based on 

those selected ones. With this process the concept gets more and more refined and complete, 

and opens new ways and approaches that otherwise wouldn’t be considered. 
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7.2.2 Sketching the ideas 

 

 

 

After the first step of concept generation many ideas were generated about what a plant 

factory for entertainment could be. These ideas went from lamps, to herb gardening pots, 

Chinese shadow play lamps, air purifiers, and coffee and tea waste recyclers. However, before 

deciding which one of these ideas was good it was necessary to analyze their feasibility.   

 

7.2.3 Plants as air purifiers 

The first thing that comes to mind when thinking about other functionalities for a plant 

factory is air purifying, since it is known that plants are some of nature’s best air purifiers. 

Though it has long been known that plants are able to take in carbon dioxide and transform it to 

oxygen, it is a fact that plants clean air pollution better than expected. Some plants excel at 

taking in chemicals known as oxygenated volatile organic compounds (oVOC’s), which form in 

http://abcnews.go.com/Technology/wirestory?id=11938367&page=1
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atmosphere from hydrocarbons and other chemicals from sources such as cars, construction, 

and ironically, plants. These chemicals have a negative long-term health impact on humans and 

their environment. 

 
But  not only do the plants absorb pollutants through their foliage, the soil surface 

around them is another effective pollution sink for carbon monoxide, sulfur dioxide, ozone, 

nitrogen oxides and hydrocarbons. 

One of the most effective plants for this is Bamboo. The NASA studies showed that 

bamboo plants, easily adaptable to a home environment, were especially effective in filtering 

formaldehyde and trichloroethylene from the air; both carcinogenic and toxic chemicals found 

in modern homes. 

These NASA studies certified that the best plants for air purifying are: 

- Bamboo palm, Chamaedorea seifritzii 

- Chinese evergreen, Aglaonema modestum 

- English ivy 

- Fiscus, Benjamina 

- Gerbera daisy, Transvaal daisy 

- Dracaena 'Janet Craig' 

- Dracaena 'Marginata' 

- Corn cane, Dracaena massangeana 

- Mother-in-law's tongue, Sansevieria laurentii 

- Peace lily, Spathiphyllum 'Mauna Loa' 

- Pot mum, Chrysanthemum 

- Dracaena 'Warneckei' 

 

Market products 

Currently there are a few market products that based in these principles try to use plans as 

air purifiers for home use. 

PlantAIR Purifier 

The Plant Air Purifier is an air filtration system that consists on a pot, activated carbon and a 

low-voltage power supply. The planter itself consists of a perforated inner pot and an outer 

reservoir that holds enough water for up to one week. The planter has an electric fan to 

ventilate the system and make the air flow through the activated carbon in the soil of the plant. 

This takes the polluted air from the outside and purifies it before it gets back to the 

environment. The pollutants are captured by the activated carbon that acts like a magnet and 

later the roots of the plants make use of those microbes as nutrients for the plant. 
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Active Phytoremediation Wall System 

The Active Phytoremediation Wall System is a modular system of pots that encourage 

airflow and contribute to clean the air of the environment. In this system, the roots of the plant 

are not buried in soil but exposed to the air. This increases the air purifying capacities of the 

product by 200% to 300%. 

 

 

 

 

Moreover, the shape of the pot is designed to have a vacuum effect on the air so that the 

maximum amount of air reaches the root rhizomes while using the minimum amount of 

material. The wall system is intended to be placed in large commercial interiors but it is also 

possible to place it in smaller environments like homes, since the modular design allows making 

it as big as desired. 
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7.2.4 Plants as waste recyclers 

When looking for different functionalities for a plant factory machine, recycling home 

food wastes as fertilizer is one of the most useful things that can be done. There are some food 

wastes that are especially suitable for this task. 

- Coffee 

Lab tests show that coffee grounds contain useful amounts of phosphorus and 

potassium, are a low-level source of nitrogen and also contain minor amounts of calcium, 

magnesium, copper, and other trace minerals, carbohydrates, sugars, some vitamins, and some 

caffeine. One 60 kg bag of coffee contains 1,026 g of nitrogen, 60 g of phosphorous, 918 g of 

potassium, 162 g of calcium, 90 g of magnesium, 72 g of sulfur, 0.96 g of boron, 0.80 g of 

copper, 3.6 g of iron, 1.2 g of manganese, 0.002 g of molybdenum, and 0.72 g of zinc. The pulp 

resulting from processing contains 1,068 g of nitrogen, 84 g of phosphorous, 2,250 g of 

potassium, 246 g of calcium, 78 g of magnesium, 90 g of sulfur, 2.04 g of boron, 1.08 g of 

copper, 9.0 g of iron, 1.80 g of Manganese, 0.004 g of Molybdenum, and 4.20 g of Zinc . 

 

Moreover, coffee grounds are particularly good for acid-loving plants, like tomatoes, 

roses, azaleas & blueberries, evergreens, camellias, avocados, and some fruit trees. 

 
The grounds can also be helpful for eradicating certain pests from your garden, such as 

slugs, snails and ants.  

 

 

- Tea 

Green tea contains a multitude of organic substances and nutrients, including 

potassium, zinc, iron, magnesium and nitrogen, as well as many vitamins and antioxidants, all of 

which are useful and readily available to plants. Tea waste is virtually as rich in effective 

antioxidants, such as catechins, so the used tea leaves can be used to enhance flowers such as 

Roses.  
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Moreover, remnant brewed tea may be cooled and used to water houseplants on 

occasion, and infused tea leaves may be scattered in the flower garden for a nutrient hike. So 

definitely, tea waste can be used as a fertilizer for both indoor and outdoor plants. 

After this research, it was possible to analyze the ideas generated in the first concept 

generation. 

- Coffee/Tea waste recyclers 

Even though this idea was one of the first ones to come to mind, it went losing its strength 

as the process of concept generation went on. The reason why is that although it is a good extra 

feature, adding these wastes to coffee it’s a simple matter of throwing them to the soil, and it 

doesn’t seem powerful enough to design a whole product around that idea. Being so, this was 

one of the first rejected concepts. 

 

- Chinese shadow play lamp 

The traditional Chinese shadow play it’s a representation made with figures that put 

between a light source and a translucent surface create silhouette on the surface. The play 

consists on telling stories combining light and the silhouettes and how they interact with each 

other. 

With this idea a few concepts were generated that played around the idea of watching the 

plant grow by its shadow and making light and music combinations to show different emotions. 
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However, this idea was also rejected since a Chinese shadow play is a dynamic and 

entertaining event but the growth of a plant isn’t. Therefore, to be able to make this a dynamic 

thing, some kind of digital addition would be required that made the images displayed more 

dynamic to resemble a real shadow play. 

Finally it was considered that this concept had some interesting potential and was kept for 

further development. 

- Herb gardening pots 

Nowadays, many people have pots for growing herbs at home. One of the concepts 

generated involved creating an automated pot that could control some of the key points that 

have an effect on herb growing and adding timers that would indicate when time to harvest is. 

Moreover, the previous coffee and tea wastes recycling feature was also considered interesting 

for this concept. The early concepts implied a simple minimalistic pot with a LED bar that would 

show the harvesting time and the evolution of the plant’s growing. 

 

 

 

 

 

 

 

 

 

 

 

 

- Kid’s toy 

When thinking about possible users for the design, one of the possibilities that came to 

mind was the kids that live in the house. In this regard, one of the most interesting concepts 

was generated. It consisted on a pot for different types of plants that would combine the shape 

of the pot and the plant that is growing on it to make a pet/character. The idea behind this was 

to encourage children’s interest on gardening making it more enjoyable for them. The early 

designs were just a few rough sketches that showed the idea. 
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After considering it, it was decided that for the second concept generation, this idea would 

be developed 

 

- The feeling pot 

The feeling pot concept consisted on a pot that would feel the plants state and show it to 

the user with its shape or color. For example, if the plant is starting to get dry or doesn’t have 

enough water, the pot will show a dry and wrinkled look. Moreover, the pot would be able to 

grow with the plant.  

The concept intended to create some kind of link between the pot and the plant that 

usually work as two separate entities: the user gets the pot and then puts the plant inside, but 

any flower works with any pot. This concept would help to the plant and pot as a whole and 

help the user to understand and take care of its plants. 

 

However, this concept seemed too difficult to realize even though it looked really 

interesting. Therefore, it was left aside for the moment. 
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7.3 Second concept generation  

In the second concept generation, some of the previous ideas were developed, one of them 

being the “kid’s toy” concept that started growing stronger as the process went on. 

During the second concept generation, this idea changed gradually as it was combined with 

some of the previous concepts that didn’t seem to have much sense on their own, but that 

combined with other ideas started to have a doable characteristic. 

First of all, the idea of fixed different pots that in addition of the plant created a 

pet/character was changed. The new concept included an LDC display that could show different 

faces and with this, a new possibility opened: it would be possible to customize the kid’s pot so 

the kid could choose between varieties of different characters.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Now instead of different pots, it would be possible to design only one pot with a neutral 

design that could fit all the different character styles and could simplify the design of the inner 

parts that would contain the plant. 

Moreover, the design of the pot was also developed and more pot shapes were explored. In 

this part of the generation, the kid’s toy concept was combined with some of the Herb 

gardening pots concept´s features. Most of them combined the simplicity of the herb growing 

pot and it’s LED light notification feature.  
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As seen in the sketches, the new pot concept showed some minimalistic, white, platic pots 

with the LCD screen previously mentioned and different ways of LED notifications. These LED 

notifications could be shown in different ways, colors and shapes, and those ways were also 

explored during this concept generation phase. 

 

7.4 Third concept generation 

In this third concept generation phase, a new feature was considered for the kid’s toy: the 

interactivity of the feeling pot.  

As explained before, the feeling pot added some interaction between the user and the 

plant, showing him the state of the plant with different visual features. Since the initial idea of 

the toy concept was to create a pet/toy for the kid to enjoy gardening and taking care of plants, 

it would be possible to add some interaction between the pot and the kid so that the kid could 

know when it’s necessary to take care of his plant. This could be made with sounds, lights or 

different images and since now it was decided that the pot could include a LCD screen, it was 

possible to take advantage of that. 
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Some of the initial designs for the display included different facial expressions that showed 

the plants state depending on its needs of water, light, temperature or humidity. 

 

In addition, some more pot designs were made. This time, instead of a plain, minimalistic, 

simple pot, it would take the shape of a pet having the LCD screen integrated to be the face of 

the pet. 

 

 

7.5 Concept generation overview 

As we have seen before, in the concept generation process many concepts were generated 

until the final one was found. During this process some concepts were discarded, others were 

kept, and some of them combined together to finally get to the final one. In the following lines, 

the final concept will be explained, as well as the combinations and iterations of previous 

concepts that led to it. 
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After the first concept generation 5 final concepts were analyzed: the Chinese shadow play 

lamp, the coffee/tea waste recycler, the herb gardening pot, the toy and the feeling pot. Each of 

those concepts had its own characteristics and features that made it unique in some way or 

another.  

Out of these concepts, the one that stood out more of them was the kids toy concept, since 

it showed a bigger potential than the others. For that reason this concept was decided to be 

developed in further concept generation phases. 

In the next concept generation phase, some features such as the herb gardening pot’s 

design and LED notification bar and the toy concept’s main idea were merged for a new 

concept. A pot that as a pet, would warn the kid about the state of the plant and would help 

him to take care of its own plant. Being so, the initial concept of a funny pot that only combined 

the looks of the plant and the pot to create an appealing character for the kid became a more 

complex pot that could help him taking care of the plant. 

Finally, in a third concept generation phase the feeling pot was revised, since some of its 

features seemed appealing for the now growing and more interesting kid’s pot. 

As it was mentioned before, the feeling pot added some interaction between the user and 

the plant and made the pot-plant combination more than just two separate entities that are put 

together. It appeared that these two features could merge really well with the kid’s toy, and so 

the concept evolved to the final design concept.  
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7.6 Final concept overview 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The final concept that is going to be developed consists on a pet-toy pot for hydroponic 

plant growing that will interact with the user using a LCD display. This LCD display will show 

different images depending on the state of the plant, and will teach the user what to do to take 

care of it. For this the pot will include a series of sensors that will measure the basic points that 

need to be taken into account when growing the plant, and will use the information to display 

one picture or another, depending on the needs of it. 

For example, when there is too less water in the reservoir, the display will indicate that with 

the sad/thirsty face of the character, or when the plant doesn’t get enough light another image 

will display to warn about that. The same would happen with temperature or humidity. 

However, if all the conditions are fine, the display will just show a happy face of the character. 

Moreover, the pot will include a proximity sensor that will sense when someone is near it, 

so the screen will turn on and greet the kid. With this the interaction between the kid and the 

pot gets improved. Other interaction features such as harvesting time warnings, greetings, or 

short conversations with the child might be added during the development process of the 

concept to the final design. However, all these features will be covered in next steps. 

To sum-up, the final concept is an interactive pet/toy that helps children to learn and take 

care of their plants including several sensors and interactive features. 

 

Hydroponic growing system 

LCD dysplay with different face 

expressions 

LED lights show the state of the 

plant when the display is off 

The pot feels when someone is 

near and turns on by itself 
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8. Concept development  

 

8.1 Introduction 

In this paragraph the process of product design will be covered. This process parts from a 

rough product concept and ends in a final product design that will be finally prototyped in a fully 

working model. For this, it is necessary to do a research on some of the features that were 

described above: designing for kids, and interaction design, as well as Arduino sensoring and 

programing. 

 

8.2 Designing for kids: the basics 

The first thing to take into account when designing this product is the target user. As stated 

before, this product is intended to be used by kids and therefore the design process needs to 

take into account several things, since the target of the product is different from the usual 

target. 

 

8.2.1 Design a toy 

It is important to make the difference between a toy and a game. Toys are generally open-

ended, this means that they have no fixed end for the fun; they spark imagination and inspire 

kids to create. On the other hand, games are defined from the beginning; they set a start, an 

end, and a series of achievements that are necessary to get before you get to the end.  

With a toy, the kid needs to be a content producer, not only content consumer and 

nowadays’ toys usually fail in that aspect. Giving the kid a full set of fun goals and achievements 

that give the kid a sense of self-realization is not enough, it needs to give him the opportunity to 

create his own ideas, explore, and play. 

 

8.2.2 Share the time 

Sharing playtime with friends or family is always more fun than spending time on your own. 

For this, it is necessary that the toy allows the kid to use it with more people that just him. The 

toy should encourage conversations and collaborative learning, rather than trying to instruct or 

quiz the child. For this, the toy should support parents with supplementary materials that would 

guide the child, give the few basic hints and teach him how to use the tools he’s given so he can 

start thinking on his own. 

 

8.2.3 Communicate with others 

Enabling kids to share their ideas and creations doesn’t only validate and celebrate their 

creativity but it also gives them the opportunity to keep working on their previous creations 
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based on the feedback received. This sets a critic mind on them, and makes them re-think about 

their works, how to improve them, and how to learn from their mistakes. 

8.2.4 Break it down 

As stated before, toys shouldn’t be all in one experiences but bridges or parts that open a 

new ecosystem that will go further way that just the toy itself. But to make this possible, it is 

necessary to break down the idea of the toy to small pieces; independent tools that can be 

manipulated (not necessarily physically manipulated).  

This brings to an important distinction between kids and adults: kids are not usually capable 

of multitasking like adults since they lack the cognitive ability to multitask or follow multi-step 

sequences. When designing the toy for children it is important to break the complex processes 

and bring them down to their fundaments that are more easily understood and manipulated.  

These fundamentals have two main functions. The first is to make the toy more 

understandable for the kid, so he doesn’t need to struggle to figure out how to make it work. 

The second one is that those fundamentals also work as imagination sparkers. This is very 

important since while adults enjoy having a white canvas with endless possibilities to create 

what they want those endless possibilities may overwhelm the child at first. This is why it is 

necessary to give some starting point to their imagination. 

 

8.3 Interaction design  

Interaction design is a relatively new field in computer science that defines the way a 

person interacts with a computer system. As graphic displays have become more powerful, 

video and audio design has become the focus of many interaction designers. Nowadays their 

job consists on building positive relationships and bridges between people and the 

technological devices that they use. Therefore, the goal is to create a system whereby people 

and technological devices can communicate with each other just as naturally as or even more 

efficiently that people communicate with each other. 

When facing the design of an interactive system there are five basic guidelines that must be 

followed. Moreover, these guidelines are, at the same time, challenges that the designer must 

overcome so that the product will balance the challenges faced both with the ability of human 

users and the limitations of the technology. It is necessary to mesh both human and computer 

language to make it as responsible as possible. 

However, designing interactions for kids is more of a subtle art than might be expected and 

it involves assessing how to merge conventional usability guidelines with child-specific 

guidelines. 

 

8.3.1 Communication 

The fundamental of interaction design is communication between the computer and the 

user. In this aspect, the designer can be seen as a translator that takes the basics of both 
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languages and makes them understandable for both parts. This implies taking into account 

colloquialisms, expressions and variations of human languages from one part of the world to 

another. 

 

8.3.2 Action and Reaction 

All communicative acts involve and action and a reaction. When a party wants to 

communicate something it expects a reaction from the other part. These reactions can be a 

response to the message or a simple indicator that the message has been received. However, if 

no response is given, the communications between both parties can be stopped or slowed in 

next communicative actions. 

 

8.3.3 Condition 

For the communication to be effective, the designer must allow each party to understand 

the current condition of the other one. When people communicate with each other, part of the 

conversation goes around understanding the other’s emotional state, alertness or readiness to 

respond. 

In human-computer communication is especially important that the computer is able to 

effectively communicate this since it is an unusual communication peer for the human. This 

means that, in human to human communications, even if the other party doesn’t say anything, 

other forms of communication like physical communication can give those messages in a way 

that the other party can understand them without saying anything. However, in human-

computer communications, the computer doesn’t have this ability and therefore, needs to 

communicate this clearly. 

Moreover, the machine must be able to predict the humans’ situation and must know how 

to react to it so there is no barrier between both parties. 

 

8.3.4 Flow 

This challenge is mostly directed to the machine. To have a fluid communication, the 

machine has to be able to follow the user’s commands and multitask various operations to 

make the user experience efficient and easy to follow. As the communication goes on, the 

computer must be able of displaying results and preparing to predict next actions and the 

response to them.  

 

8.3.5 Errors 

In all communication there is some sort of miscommunication. When designing an 

interactive system it is necessary to predict these miscommunications and reduce the risk of 

occurring. It is also necessary to give both the machine and the human resources to solve the 

miscommunication on their own if those finally happen. 
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However, the product that is intended to design has to interact with a child, and this implies 

another series of considerations that need to be taken into account: 

 

8.3.6 Exploration 

The machine needs to be prepared for children’s explorative needs. This means that the 

user will do things that the machine is not expecting. The system needs to be stable enough and 

not break or stop working when it receives an unexpected command. 

 

8.3.7 Provide rewards for progress 

The toy needs to give positive feedback when the child is doing things well. Watering the 

plant before it was necessary or taking good care of it should be correctly rewarded by a 

positive message by the machine to encourage and motivate the child. 

8.3.8 Feedback 

The machine needs to provide clear feedback. This is really important since the child is less 

meant to understand hints or subtle message, so they need to be clear enough for him to 

understand. 

 

8.4 Developing the concept 

After doing a research about the key aspects that will define the design it is time to apply 

them to it. As seen before, there are many points that need to be taken into account before 

designing an interaction but it is necessary to take only the ones that affect the product that is 

going to be designed and adapt them to it. 

 

8.4.1 The interaction  

Which interactive or communicative features are the most important ones for this design? 

This is the question that needs to be done before deciding how the toy will interact with the 

child. For example, the pot could greet the user when he is near it, show disappointment when 

the kid hasn’t taken care of it for a long time, have simple conversations with the kid about his 

name, age, favorite color or number etc. These interactions are intended to create a bond 

between the user and the toy so it becomes something more than a simple pot. Moreover, the 

pot could keep in memory the child’s answers and apply them later on in further interaction, 

making connections on its own and knowing when to use them again. 

Another addition to the interaction could be growing. The character displayed could start 

being a little baby and as the plant grows the character would grow too so when it is time to 

harvest the fruits/vegetables the character is already an adult (or a kid of a similar age of the 

child to emphasize their bond). 
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And what would happen if two of these products are put together? Adding interaction 

between toys would open a whole new dimension to the product. They could greet each other, 

have conversations, be happy or sad depending on the plant they grow (they might not be 

friends…). 

However, it is necessary to select the ones that seem more suitable and feasible for the 

prototype, since the ultimate goal is to apply all of them to it. 

Being so, in next paragraphs, the selected interactions will be explained and reasoned. 

 

8.4.2 The shape 

During the concept generation phase many pot shapes where proposed to see which one 

could fit better with the final design. At this point of concept developing it is necessary to see 

which one of them is going to be the final one. 

There were basically two types of pots: the ones with a plain, simple design and the ones 

that included the shape of the boy of the character of the toy. For the purpose of this project, it 

was considered that the best option was to select and develop the ones with the shape of the 

body of the character. 

 

8.4.3 The technology 

It is imperative not to forget what the main reason of being of this product is: growing 

plants. Therefore, it is necessary to decide the technology that will allow plants to grow. 

Since the production of food for consumption is no longer the main purpose if this product, 

it doesn’t have to provide a stable production of food, so the way of growing the plant is not 

totally critic. However, this product is meant for kids and this means that it would be better if 

the plant would be able of growing or providing its fruits/vegetables all year long.  

For this reason one of the best ways of growing the plants inside would be hydroponics. 

Hydroponics provide a stable growth all year long as long as the plant is provided with the 

necessary nutrients, it is cleaner that using soil, it is easier to clean and use. Furthermore, the 

setting up of the product after unboxing would be much easier if the only thing that is needed is 

to add some water to the pot to start working. 

As for the energy to make this work a few options are viable: regular batteries, rechargeable 

batteries, or connecting it to the electric supply. Having to connect it to the electric supply 

would make the pot static (the user wouldn’t be able to move it around) and having to recharge 

the batteries would add a new level of complexity to the toy, because the kid should be able to 

know when the toy is running out of power and it needs to recharge. However, during the 

development of the project it was decided that adding too many reasons why the child needs to 

be aware of the plant might me unlikable, so for this part, the regular batteries seemed to be 

the most suitable option. However, regular batteries also have their own inconveniences: they 

run out of power and the user needs to be constantly changing them.  
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At this point, it is hard to decide which one of the inconveniences affects more the user, 

since it depends on personal preferences. Moreover, at this stage of the project it was not 

possible to calculate the energy consumption that the product would have, so knowing if the 

energy consumption would be too high for the regular batteries was not possible. 

In conclusion, it was decided that this decision should be made in further steps of the 

design process, when the project is developed to be launched to the market. For our purpose of 

building the prototype, connecting it to the power supply is more convenient, so that is the one 

that is going to be used. 

 

8.4.4 The plant 

The main reason of this project is growing plants, so deciding which plants are going to be 

able to grow in this pot is a main question. There are several options to be considered in this 

paragraph. On the one side, the easiest plants to grow in these kind of small pots are herbs, 

then small fruit plants like strawberries, small tomatoes or blueberries and finally vegetables or 

bigger fruit plants. To decide which one would be the best option, a look was taken back to the 

research about interaction and design for kids. 

As stated in the research, a toy must be an imagination sparker, something that motivates 

the kid to create a do more things apart from just using the toy. In this regard, it was considered 

that being able to work with the fruits or vegetables after they are grown would be a great 

option. It would make children be whiling to help at home preparing food and encourage them 

to eat healthy fresh fruits/vegetables since they are the ones who have grown them. 

In conclusion, growing small plants like strawberries or mini tomatoes would be a perfect 

option: they can be grown all year long, the grow fast enough so the kid doesn’t get bored and 

after they are grown the kid can eat them or prepare food with them. 

 

8.4.5 The accessories 

When talking about accessories we refer to all kind of extra material that would be sold 

along with the product. This is a very important point, since as stated in the research; the toy 

has to offer something else to be a real toy. So, what can be included that makes the product 

more complete? 

One of the first ideas that came to mind was recipes. The toy has to be useful apart from 

growing from growing plants, so why not add a recipe book that teach the kid what to do with 

the fruits he has grown? And moreover, it could add some space for him to add his own 

creations and show them to other people. These ideas are based on the points analyzed during 

the Designing for kids research that stated that sharing, communicating a getting feedback are 

key point for a good toy design.  

Being so, the toy becomes a whole  shared experience with family and friends that goes 

from starting to grow the fruits, to harvest them, prepare some entertaining foods with them 

and finally sharing his creations with other people. 
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8.4.6 The graphics  

The graphics or the images that are going to be shown in the screen are one of the most 

important things in this product. During the development of these images a few things were 

taken into account: they had to look friendly, cute and funny; but at the same time should fit 

with any plant that is going to be grown in the pot, so they couldn’t be totally linked to any type 

of plant. This means that since strawberries or tomatoes can be grown inside, the character 

can’t be a cartoonish strawberry, since it wouldn’t fit with a tomato growing in the pot. 
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9. Final design 

 

9.1 Introduction  

In this paragraph, the final design of the product will be explained, as well as the different 

parts, functions, accessories and ways of use of the product. 

 

9.2 Philosophy 

For many years, children have been dedicated to grow vegetables in jars with cotton in 

school to learn the basics of agriculture. However, getting children to become fond of eating 

these foods has always been a difficult task for parents. Through this project, a product that 

allows to introduce children to growing their own food in a fun way has been developed. Play 

and Grow is an interactive toy that interacts with the child and their environment to make him 

understand the phases of plant growth, the needs of the plant and the environment for proper 

growth and responds to stimuli in a fun and friendly way. 

To do this, the toy includes a series of sensors to know the status of the plant and the 

answers that the child has to these problems, and thanks to a LCD display in the front of the 

product, the kid will be able to know if he is doing the things correctly or not. 

In addition, the packaging of the product will include a series of recipes and tricks that can 

be easily understood by the user that will make the experience of using the more complete toy 

tips. 

 

9.3 Outer design 
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9.4 How does it work? 

Once the set-up is done the product will be able to work without any help, and will warn 

when some change is needed. For this, the product will include sensors to measure the level of 

the water, the ambient temperature, a proximity sensor, and a sensor to measure the ambient 

light. All this sensors will be controlled by a PCB that, at the same time will control the LCD 

screen and show the animations, images and emotions that are necessary to show the user the 

state of the plant and the changes that he needs to make. 

The functions that include the product go from the interaction with the user, to control the 

growth conditions of the plant, and tips for plant care. The interactions that will be 

programmed for the product are the following ones: 

- Show emotions depending on the status of the plant: Sad when there is not enough water 

in the reservoir, happy when the water level is optimal, need of a colder environment and need 

of heat, and need of more sunlight for a proper photosynthesis. These emotions will be shown 

with different images through the LCD screen. 

 

 

Too hot environment                                             Too cold environment 

 

Low water/nutrient level                                       Low ambient light level 
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Optimum water/nutrient level 

 

 

 

 

 

 

Moreover, the pot will also interact with the user in different ways depending on how the 

user is taking care of the plant. 

- Activation when the user is near: say hello. 

Every time the user is near the pot, it will sense him with the proximity sensor and it will 

turn on the screen to say hello.  

- Note if the user has ignored the plant for a long time. 

If the user hasn’t taken care of the plant for a long time, the pot will notice it and send a 

playful message so the kid knows that he needs to take better care of it. 

-The character grows with the plant 

The character displayed in the images will start being a little kid and will grow according 

with the growth of the plant. 

As for the re-filling of the reservoir, every time the reservoir empties, it will be necessary to 

prepare the nutrients and water mix before filling it again. For this, the package will include a 

special cup with the exact measure of nutrients needed and will indicate the amount of water 

where it needs to be poured to make this process as easy as possible. 

 

9.5 Set-up 

It is intended that the set- up for this product to be the simplest possible one. In this regard, 

the set-up will consist on taking the product out of the package, connecting it to the power 

supply, mix part of the nutrient bag with water (the exact amounts will be explained in the 

package that it will also include a measuring cup), and pour the mix on the reservoir. Once the 

product feels that the reservoir is full it will turn-on on its own.  
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9.6 Accessories 

The packaging will include, a part from the pot, a bag with nutrients, a spoon to pour the 

right amount of nutrients to the water, basic instructions of use and set up and a series of 

recipe cards. Even though the idea of the recipe cards has not been fully developed, a few 

concepts were sketched to decide whether or not they could be added to the product. The idea, 

behind these recipe cards was to create some visual and easy to follow guides to cook easy and 

fun recipes with the fruits harvested from the toy.  
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This first recipe to cook some strawberry Santas was made in a comic style where the 

actions of washing the fruits, cutting the leaves etc. were changed to make the fruits live 

characters that lived the process. This intended to make the recipe cards more fun the kid since 

reading the recipe could be like reading a comic. However, it was though that this also made the 

recipes harder to understand for the kid, and therefore for next cards the style was changed to 

a more conventional one. 
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The next recipes, and easy fruit brochette and a fruit pizza were made in a more traditional 

way, but keeping the cartoony style of the previous example.  

None of this ways of doing the recipe cards had any further development due to time 

issues, and therefore are not included in this project. 
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10. The prototype  

 

10.1 Introduction 

The prototype built for this project will be a basic functional version of the final product and 

will be developed in Arduino. Other components such as the LCD display, and the sensors will 

be bought pieces, however, some of the sensors, like the water level sensor, will be handmade. 

In this paragraph, the process of building the prototype will be explained. 

 

10.2 Case 

10.2.1 Initial approach 

The first approach taken when designing how to build the case for the product was to print 

it in a 3d printer. The purpose of building the case was to put inside all the electronics of the 

prototype since this would give the opportunity of getting a professional look for the final 

prototype that would look almost like the final product. For this purpose, the 3d model of the 

product was made in CREO, as well as models of all the electronic parts of the product (sensors, 

screen, wiring…), that were placed inside the case. 
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However, it was not possible to print this model at Zhejiang University since the only 3d 

printer there was broken. Moreover, trying to print the model at Tecnun would take 48h so it 

was considered that this wasn’t a convenient method to create the prototype. 

10.2.2 First prototyping 

Knowing that printing the model at Zhejiang University wasn’t possible it was decided to 

take advantage of their laser cutting machine to create a wooden model. The idea behind this 

model was to take the 3d model previously created and slice it in layers so the laser cutting 

machine could cut them and then stick them together and polish the body to get the final 

shape. 

 

The first step was to slice the 3d model in layers 5mm apart from each other, since this was 

the thickness of the wooden planks available at the lab in Hangzhou.  

The next step was to transform this model in something that the laser cutting machine 

could understand. For this, it was necessary to hide all the layers except the one that we 

wanted to cut, copy the top view of the model and paste it in another Rhinoceros file so it could 

be saved as an Adobe Illustrator file (the type of file that the laser cutting machine could read). 
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After copying all the layers we get something like this: 

 

Now it was time to cut all these pieces in the laser cutting machine. 
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This is the final result of the cutting. It is important to notice that all the pieces have a 

different inner shape than in the 3d model. This inner shape allowed inserting a guide stick from 

the top to the bottom of the prototype to be sure that all the pieces were placed in the right 

position. The next step on the process was to build the prototype. 
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After gluing all the parts together it was time to polish the surface to make it a round and 

smooth surface. 
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And this was the final result: 
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The next steps would be to empty the inside of the model to be able to fit the screen, the 

reservoir and the proximity sensor. However, the lab at Zhejiang University didn’t have the 

proper tools to do it and this prototype was left aside unfinished. It was necessary to find a new 

method to build the prototype. 

 

10.2.3 Second prototyping 

The process followed for the second prototype was similar to the first one, but this time 

instead of wood layers, the model would be built with polyurethane layers. The first step for this 

was the same as in the first model, cut the 3d model in layers. This time the thickness of the 

layers was 15mm. 
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After cutting the 3d model, all the curves from the top views of the layers were copied to an 

Illustrator file and printed in paper. These were used to draw the shape of the layers in the 

foam that would be later cut using a hot wire cutting machine. 
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However, as in the previous wooden model it was necessary to empty the body of the 

prototype to fit the reservoir and the screen, so the inside of the layers was also cut. 
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The next step was to glue all the parts together. For this purpose, the glue needed to be 

material friendly, since if it wasn’t, the glue would dissolve the material. After gluing all the 

parts together, some weight was put on top to ensure that all the parts were stuck firmly. This 

was the result of this part of the process: 
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Once again, it was time to polish the surface to make it smooth and round. Firstly the 

surface was roughed down with a heavy grain sand paper to remove all the “steps” from the 

surface and then the surface was smothered with a softer sand paper. 
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Since the finish of the surface wasn’t the desired one due to holes on the foam and a 

quite irregular surface with many bumps etc. it was decided that with a thin layer of clay these 

problems could be solved.  

The clay used was a white color water based clay. Water based clay needs to be wet 

when applied and it dries quite fast, so the process of applying it must be fast to get the desired 

finish on the surface. After the clay dried, this was the result: 
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Now it was time to fit the LCD screen on the prototype and make the top cover. For the 

screen, since having the screen in direct contact with the foam and clay would be a mess (it will 



Unai Villanueva Errazquin         Design of an interactive plant growing device for children      

78 
 

get dirty with the dust both materials generate) a foam core board frame was made. For the top 

cover more foam core board was used. 
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Once the screen was placed this was the final result: 
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10.3 Electronics 

For the electronic part of the prototype an Arduino Uno board has been used, as well as a 

series of sensors that measure the state of the plant. The Arduino board is responsible of 

receiving all the information from the sensors, analyze it, and decide which actions are 

necessary to take depending on the information received. 

 

 The sensors 

- Temperature sensor: LM35 Temperature sensor 

 

- Ambien light sensor 

 

- Proximity sensor 

 

- Water level sensor 
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The water level sensor has been hand made for this project. It consists of two cables 

and a true/false statement that only becomes true when there is electric continuity between 

the two of them. This will happen only when there is water between them, so it is possible to 

know then water reaches a certain level. The scheme followed for it is the following one: 

 

 

 

10.4 Program 

This is the program that has been written for the Arduino board: 

//CODIGO PANTALLA 

#include <SMARTGPU2.h>     //Incluir libreria SMARTGUP2 

SMARTGPU2 lcd;             //crear un object llamado LCD 

/////////////////////////////////////////DEFINICION DE VARIABLES Y PINES////////////////////////////////////////// 

//CONEXIONES PANTALA 

//LED LUZ 

const int led =13; 

//SENSOR TEMPERATURA 

const int sensorTemp = 0; 

//SENSOR INTENSIDAD DE LA LUZ 

const int sensorLuz = 1; 
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//SENSOR NIVEL AGUA 

const int tens_sensor_agua = 8; 

const int sensorAgua=2; 

//SENSOR DE CERCANIA 

const int sensorCerc= 13; 

//VARIABLES DONDE SE GUARDARAN LOS VALORES DE LOS SENSORES 

int sensorTempvalue; 

int temp; 

int sensorLuzvalue; 

int luz; 

int sensorAguavalue; 

int sensorCercvalue; 

//VARIABLES PARA CONDICIONES INICIALES Y DE PROGRAMACION 

int condicionIni=20; 

/////////////////////////////////////////INICIALIZACION VARIABLES Y PINES////////////////////////////////////////// 

void setup() 

{ 

  Serial.begin(9600); 

  pinMode (sensorTemp, INPUT); 

  pinMode (sensorLuz, INPUT); 

  pinMode (led, OUTPUT); 

  pinMode (sensorAgua,INPUT); 

  pinMode (tens_sensor_agua, OUTPUT); 

  pinMode (sensorCerc, INPUT); 

   //Those two functions must always be called for SMARTGPU2 support 

  lcd.init();  //configure the serial and pinout of arduino board for SMARTGPU2 support 

  lcd.start(); //initialize the SMARTGPU2 processor 

} 

 

 

///////////////////////////////////////////////INICIO DEL PROGRAMA////////////////////////////////////////// 



Unai Villanueva Errazquin         Design of an interactive plant growing device for children      

84 
 

void loop() 

{ 

  //FUNCIONES INICIALES 

    if (condicionIni ==20) 

    { 

      //FUNCIONES DE ENCENDIDO 

      //PANTALLA EN NEGRO (3SEC) 

      lcd.imageBMPSD(0,0,"carga_blanco"); 

      delay(3000); 

      //ANIMACION DE CARGA: 4 PASOS 

      lcd.imageBMPSD(0,0,"carga1"); 

      delay(1000); 

      lcd.imageBMPSD(0,0,"carga2"); 

      delay(1500); 

      lcd.imageBMPSD(0,0,"carga3"); 

      delay(2000); 

      lcd.imageBMPSD(0,0,"carga4"); 

      delay(1000); 

      lcd.imageBMPSD(0,0,"carga5"); 

      delay(3000); 

      //PANTALLA EN BLANCO CON PLAY AND GROW (PRIMERO DIBUJO Y LUEGO SE SUPERPONEN LAS LETRAS) 

      lcd.imageBMPSD(0,0,"carga_dibujo"); 

      delay(5000); 

      lcd.imageBMPSD(0,0,"carga_dibujo_letras"); 

      delay(3000); 

      //LUEGO APARECEN LAS CARAS 

    condicionIni= condicionIni + 1; //SE CAMBIA EL VALOR DE LA VARIABLE PARA QUE NO VUELVA A HACER ESTO 

     

    } 

 ///////////////LEER DATOS DEL SENSOR DE POSICION////////////// 

  sensorCercvalue= digitalRead(sensorCerc); 
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    if ( sensorCercvalue==0)                     //CONDICION INICIAL, SI EL SENSOR DE CERCANIA NO DETECTA NADA EL 

PROGRAMA NO EMPIEZA 

    { 

      //LEER DATOS DE LA POSICION DEL AGUA 

    digitalWrite(tens_sensor_agua, HIGH); 

    sensorAguavalue = analogRead (sensorAgua); 

      if(sensorAguavalue >=300) 

       { 

         //LEER DATOS SENSOR DE LUZ Y CONVERTIRLOS 

    sensorLuzvalue= analogRead (sensorLuz); 

        if(sensorLuzvalue <1020) 

        { 

             //LEER DATOS DEL SENSOR DE TEMPERATURA Y CONVERTIRLOS 

               sensorTempvalue = analogRead (sensorTemp); 

               temp= sensorTempvalue*0.48828125; 

                    if ( temp >=15 ) 

                     { 

                          lcd.imageBMPSD(0,0,"cara_contento");      //LA PANTALLA AQUI MOSTRARIA UNA DE LAS 

IMAGENES (TEMP NORMAL) 

                     } 

                   if ( temp<= 15) 

                     { 

                          lcd.imageBMPSD(0,0,"cara_frio"); 

                     } 

         } 

        if (sensorLuzvalue > 1020) 

              { 

                lcd.imageBMPSD(0,0,"cara_neutral"); 

              } 

        } 

       if ( sensorAguavalue <300 ) 

        { 
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           lcd.imageBMPSD(0,0,"cara_triste"); 

        } 

        //SERIAL.PRINTS 

   

  Serial.print ("Temperatura"); 

  Serial.print (temp); 

  Serial.print ( "ºC"); 

   

  Serial.println ("Iluminacion"); 

  Serial.print ( sensorLuzvalue); 

  Serial.println (); 

   

  Serial.print ("Cercania"); 

  Serial.print (sensorCercvalue); 

  Serial.println(); 

   

  Serial.print ("Nivel del agua"); 

  Serial.print (sensorAguavalue); 

  Serial.println (); 

 }  

 else 

 { 

  lcd.erase(); 

 }   

 } 

 

 As a brief explanation, the program has two steps. The first one only happens when the 

user first turns on the product or when the program is reseted. In this first step, the screen will 

show a loading screen to show the user that everything is working and that the program is 

loading. After this brief step, the main functions of the program will start working. In these main 

functions, the sensors will take measurement of the state of the plants and the environment 

every second.  In theory, the sensor should be able of taking the measurements much faster, 

but since the energy consumption would be very high, it was decided that for the prototype, 
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taking measurements every second should be enough. It is important to notice that, the main 

condition for this to happen is that the proximity sensor feels that someone is near the product. 

If this doesn’t happen, none of the measurements will happen.  

The program works with a hierarchy level system, depending on how much each factor 

affects the growth of the plant.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

With this system two problems were solved. The first one is that when the sensors received 

wrong data (for example, both water level and temperature are incorrect) it will only start 

showing the temperature problem when the water level is the correct one. On the other side, 

this also helps the user solving problems one by one instead of giving him all the problems at 

once. Finally, the screen will show the proper emotion depending on what the sensors are 

measuring.  
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11. Future developments 

Since the duration of the development for this project and the resources available were 

limited some of the aspects of the design were left for future developments. These future 

developments include improvements of the design, different variations of the design or new 

functionalities that could be added. 

One of these future developments is to show the user the best placement for the product. 

Like a “hot and cold” game, the product could tell the user the best possible placement for the 

plant is by analyzing the environmental conditions of light, temperature, humidity etc. This 

would help the user during the set-up of the product. 

Another future development is the possibility of monitoring the state of the plant with an 

app for phones or tablets. Since one of the main problems of the device is what to do when the 

user can’t take care of the plant, a distance control feature could be added to give him the 

opportunity to take care of it. This feature could be implemented like the classical Tamagotchi 

toy or the Pou app for phones that consists on an electronic pet that the user needs to take care 

of. Moreover, the user could be able to control the conditions of the plant from the distance 

and add nutrients or water if needed.  

Improvements on the sensor system and energy consumption are also a key factor for the 

future. As it was stated in previous paragraphs, during the development of this project it was 

not possible to measure the energy consumption of the electronics and therefore, decide the 

best way for the product to work (batteries or connecting it to the power supply). In addition, 

optimizations on the sensor system are also a point to take into account.  

Finally, some improvements on the interactions should be made and a further development 

on the whole product marketing adding the recipe cards. Due to time restrictions, the 

interactions programmed for the prototype are basic  but enough to show the aim of the idea, 

but in the future it would be necessary to develop them with more facial expressions, 

animations, sounds etc. to make the product feel more alive, like a real pet.  
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12. Conclusions 

It is curious to analyze how this project and I have evolved during the development of the 

project, from the beginning when it was shown to me like project to develop a plant factory, a 

machine to grow vegetables at home for consumption, to the end where it ended up being 

something totally different. Moreover, I got the possibility of doing it in China, an amazing 

country with a totally different culture and ways of working that sometimes became quite a 

challenge. 

The project started being a task to redesign and improve the plant factory that had been 

previously developed at Zhejiang University, which wasn’t suitable for home use, and to build a 

fully working prototype that could be used to see firsthand how it worked.  In this regard, the 

history of agriculture was analyzed to know more about the basics of agriculture, the key factors 

for growing vegetables and how to apply all this knowledge to our homes. However, as the 

project continued developing, it was seen that building a fully operative home plant factory was 

too ambitious for just one person and the resources that I had available and a new path of 

development was needed. After doing several interviews and surveys the concept a plant 

growing and entertainment device appeared and with this a wide range of new design 

possibilities. Finally, the Play and Grow concept was born and the final design process started. 

This project gave me the opportunity of learning a huge variety of things; from the basics of 

Arduino, something that will be really useful in my future, the basics of agriculture and how to 

grow plants at home, further knowledge on prototyping ways and probably the most important 

one, how to work with people from a totally different culture and to work totally on my own, 

doing what I think is correct and learning all the new knowledge I needed on my own. 

Something that might not seem very difficult but that after experiencing it becomes a life 

changing experience. I have learnt to trust more in my own decisions and ideas and to 

communicate them to other people in a different language, to know how people from a 

different culture think and how to show them ideas so they can understand them and to 

manage time and resources in a way that I haven’t done before. 

But this entire project has been about a lifetime experience of living half a year in a country 

that many people would consider “another world”.  Like if we were Cristobal Colon, we landed 

in the New World knowing nothing about Chinese people or culture and with time we 

discovered its beauty and people that always welcomed us. We learnt a little about their 

language, we discovered Hangzhou, a city that Marco Polo described as the most beautiful city 

in the world, and we met some awesome people that we will never forget. In conclusion, we 

had one of the best experiences we will have in our lives that filled us with knowledge and 

enthusiasm for the future. 

Now, the only thing left is to see where my steps guide me and see what the future awaits 

for me. 
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