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[bookmark: _fq3uuxex3fne]Abstract
This report discusses and analyzes the steps that were taken by the team of engineering students to create a hydroponics system for Growing Futures. The hydroponics system is equipped with water level detection sensors, LEDs with set timer and other subsystems. The purpose of this report is to outline and discuss how the different subsystems were developed to create the full hydroponics system. The report breaks down and discusses how design process is applied in this project with detailed description of the initial designing, development and testing phases of the task. 
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[bookmark: _ynjy3mp1fsty]1) Introduction
In 2015, a local venture, known as Growing Futures, was created. According to Growing Futures, their mission is to,  “create and sell a platform that uses innovative technology to intentionally build connections in the community between groups that would not normally collaborate: children, youth entrepreneurs, educators, politicians, business owners, community health practitioners, restaurateurs and philanthropists.” In order to achieve their mission, Growing Futures partnered with local public schools (Fisher Park PS/Summit Alternative, Connaught PS, etc.) so that kids could produce, market , and sell fresh greens to local businesses. The kids produce these greens using commercially available hydroponics systems. In essence, these systems grow plants by feeding them with a mineral/water solution and by providing them with adequate lighting. So far, Growing Future has been successful in making connections with local businesses and selling their produce to them. However, the commercial hydroponic systems that they are using have a lot of room for improvement and optimization. Some improvements that the client specifically expressed a need for include: an increased plant yield, space efficiency, reservoir size, and portability. They also expressed interest in having a water level detection system in order to monitor the water reservoir when they are not present. Since, Growing Futures is operating on a limited budget, they also needed a system which is cost effective. The hydroponic system that was created using this client information was able to improve upon many of the needs that were previously outlined. The key features that differentiate this hydroponics system from the commercially available systems are the increased reservoir size, the portability/modularity, and the water level detection system.












[bookmark: _bev7m61dv1b6]2) Design Process:
In order to solve the problem effectively and in a professional manner , the team used the design thinking process. It consists of 5 basic steps. These are:
· Empathize
· Define
· Ideate
· Prototype
· Test
. The following sections will contain more informations about these steps and will also contain specific examples. 

[bookmark: _pkvys67pohq8]2.1) Empathize 
The organization that the team worked with on this project was Growing Futures. The organization's main objective is to try and grow fresh produce to sell the community using innovative growing systems. In addition to this they have growing walls inside elementary schools for kids to work on. One of the purposes for having the systems in the schools is to teach kids about fresh produce and financial literacy. The current systems they have like the one made by the team are the: Zip-Grow farm wall, Juice plus, Nutritower, and Project succeed. These systems have many flaws that makes operating them difficult for the kids. They were not designed and built with the thought of having small kids working on them. The team worked very closely with the client so that a very good understanding of the needs of the client. As a result, the team tried to meet with the client as much as possible. In particular, an interview was conducted with the client at school. This platform allowed the team to gather a lot of information from the client. The team also visited the Parkdale Food Centre in order to observe the client using their hydroponics systems. This visit allowed the team to get a better sense of some of the latent needs associated with the system.  Some of the problems that were presented by the team from Growing Futures during the meetings were that the hydroponics systems are not portable, have no water detection system when away on long breaks and are often very big making it hard for the kids to work on them. 


[bookmark: _3bng1sx5i4vp]2.2) Define
This stage of the design process required the team to collect information on what the client needs and create a statement that would be used as a guide during the construction of the system. Prior to this stage of the project, the team has met with the client multiple times. During these meetings information on the needs of the client were collected. The team from Growing Futures indicated the kinds of problems they were facing with the current systems they have. Additionally, they also suggested some ideas that they thought could solve their problems. After collecting all the requirements stated by the client, the team summarized and ranked the problems accordingly as shown in the table below.

Table 1 represents client needs.
[image: ]
The next step was to group these needs based on their similarities as shown in the next table. Following this we were able to create the problem statement using the grouping as a guide. 









Table 2: Client needs grouped according to similarity and order according to importance
[image: ]
Problem Statement: Design a hydroponics system that is both cost effective and portable without sacrificing the growing area of the plants. The system must also include a large water capacity and water level detection system, ample lighting, a large brand presence, and environmental consciousness.

Now that the team has already discussed with the clients and has established a list of design criteria in an ascending order with the most important being at the top, a proper benchmarking has also to be conducted. 

Benchmarking can be explained as the research of existing models on the market so as to understand the standards by which our design must comply with. The team can also take this opportunity to take a look at the existing models of competitors and think of the ameliorations they can bring to them in order to create a superior product. The following table represents the result of an extensive benchmarking by the team members.









Table 3 represents benchmarking effectuated by the team.

	Specifications
	Hydroponics System

	
	Tower Garden Growing System
	ZipGrow Farm Wall

	Cost
	$617.04
	$499.00

	Weight
	150 lb when filled
	22 (lb)

	Dimensions
	2.5*2.5*5.6 or 8.1or 6.9(foot)
	71*19.5*19.5 (inch)

	Material
	Plastic
	Polyethylene

	Additional(secondary) Reservoir
	None
	None

	Indoor/Outdoor
	Both
	Both

	Planter features
	Vertical design, non-disposable plastic
	Drainage holes, Self watering

	Company
	Tower Garden
	Bright Agrotech ZipGrow

	Portability
	Yes
	Yes



Now that a proper benchmarking of existing products has been conducted, the team can properly define their design criteria with well defined metrics.
The following table represents the Engineering Design Specifications(EDS) for the Functional, Non-Functional and Constraints:

EDS for Functional Requirements:

Table 4 showing the EDS for Functional Requirements.
	Design Specifications
	Relation(=,<,>)
	Value
	Units
	Verification Method

	Functional Requirements
	
	
	
	

	Space efficient
	=
	Yes
	N/A
	Test

	Portable
	=
	Yes
	N/A
	Test

	Modular
	=
	Yes
	N/A
	Test

	Maximum separation between the plants pods
	=
	5
	inch
	Test

	Consistent dripping system
	=
	Yes
	N/A
	Test

	Storage capacity of water
	=
	76
	L
	Test





EDS for Non Functional Requirements:

Table 5 showing the EDS for Non Functional Requirements.
	Design specifications
	Relation(=,<,>)
	Value
	Units
	Verification Method

	Non-Functional Requirements
	
	
	
	

	Branding
	=
	yes
	N/A
	Test

	Aesthetics
	=
	yes
	N/A
	Test

	Lifespan of  product(years)
	>
	1
	years
	Test

	LED Lighting
	=
	yes
	N/A
	Test

	Eco friendly
	=
	a little
	N/A
	Test






EDS for Constraints:

Table 6 representing the EDS for Constraints.
	Design Specifications
	Relation(=,<,>)
	Value
	Units
	Verification Method

	Constraints
	
	
	
	

	Cost
	<
	1000
	Cad
	Estimate, FInal check

	Size of the system (L*W*H)
	<
	2.5*5
	feet
	Test

	Weight
	<
	25
	lb
	Analysis

	Efficiency of System (Power consumption)
	=
	Yes
	N/A
	Test



Now that the team has done all the research works and has well defined the design criterias, we can now proceed onto one of the crucial part of the design process, that is ideation.

[bookmark: _yggx7lcxpt9i]2.3) Ideate

In this section, every team member thought of least 3 ideas for every subsystems of the design and sketched them. Once completed, all the sketches were assembled and the team compared them and selected only the best. As a result, based on our selections we designed 3 conceptual designs as shown below. However, the remaining ideas were not discarded. They were kept as alternative solutions in case that during the construction phase, the chosen idea would not work well with the remaining subsystems and modifications would be required.

Concept 1:
[image: ]
Figure 1 showing the sketch for Concept 1.

Concept 1 is designed in the form of a cart with wheels at the bottom so as to ease portability. It will consist of 4 levels; 3 growing space and the top level being the reservoir. The reason for putting the reservoir at the top is to maximise the use of gravity to allow water to flow by itself. Each growing space will consist of growing pods for plants and LED lights. Finally tubes are used to connect the different sections for a continuous flow of water.


	                           Advantages
	                          Disadvantages

	1. It is portable due to presence of wheels
2. Do not require pump since water drips down due to gravity
3. Plants can be easily harvested
4. Large reservoir
	1. Reservoir is too high, May be inaccessible
2. The pods are not portable
3. May lack lightning.







Concept 2:
[image: ]
Figure 2 showing the sketch for Concept 2.


Concept 2 represents a hydroponics system with 4 growing towers threaded on the bottom of the platform so that they screw on it. This has be done so in order to give the tubes extra stability. Thus, they do not require any additional supports. Moreover, the system has 2 LED strip which will provides the necessary lightning to the plants which will be placed in the growing pods lined up on the tubes. Additionally, there are 2 pumps present which will pump water up the tube on a timely basis and water will then drip down to each growing pod by the effect of gravity.


	Advantages
	Disadvantages

	· 360 degrees of growing area
· Even coverage of LED lighting
· Large reservoir
· Easy to harvest
· Portable pods
	· Bases is not very portable
· Not all 360 degree of growing space can be utilized when positioned against a wall










Concept 3:
[image: ]
Figure 3 showing the sketch for Concept 3.


The above diagram is the result of combining various subsystems from the above suggestions. The system will be attached to the wall. Moreover, the reservoir is placed at the bottom of the system for easy accessibility to refill it and also to control the water. The reservoir will be combined with a pump whose main function is to pump water to the top of the system. The system is designed in such a way so as to take advantage of the effect of gravity. Since the rectangular plates are inclined, the water will flow by it own passing through every section and then will be collected back in the reservoir. It will then be pumped upward and hence the cycle continues. LED lightings are also included in the system for the plants to grow. LED plates will be placed at every level so as to maximise light coverage and also such that every growing pod will obtain the required light. The table below summarises the advantages and the disadvantages of the above design.

	                        Advantages
	                  Disadvantages

	1. Space efficient
2. Easy to harvest
3. Reservoir is accessible
4. Takes use of gravity to distribute water.
	1. Lacks portability
2. The upper pods may be too high to access



After that the 3 concepts designs were generated, the team discussed about their advantages and disadvantages. After analysing them, the following table was created in order to choose the final concept  to be used.


	
	Concept #1
	Concept #2
	Concept #3

	LED Lighting
	1
	2
	3

	Growing Area (Spacing/volume)
	1
	3
	1

	Water Distribution
	3
	2
	2

	Total
	5
	7
	6


Table 7 represents the scores of the concepts for selecting the final design


The table displays the displays the attributes of each of the concepts. A number between 1 to 3 (3 being the highest) has been given to each concepts for each criteria and at the end, its sum was calculated.
As illustrated above, concept 2 has got the highest sum. 
Hence, concept 2 was chosen to be the final design for the project and it will be used for future works.
[bookmark: _u1ae2ksyfcjj]2.4) Prototype
After the team had finished the ideation phase and created a conceptual design, the next step was to move into the prototyping phase. This phase consisted of turning the ideas that were imagined, into actual, physical models. The prototyping phase was broken down into three key iterations. The first iteration was a small scale, 3D model of the conceptual design. The second iteration was a working model of the water-level detection system. Finally, the third (and last) iteration was a fully functional prototype which was the culmination of the two previous prototypes.
[bookmark: _ns105lj880f7]Prototype I
The purpose of this first prototype was to turn the conceptual designs, that we have carefully considered, into a physical model. This model was an important tool because it gave us an understanding of the design in ways that our sketches could not. The prototype allowed us to discover and assess issues that were hidden in the design. The first prototype allowed us to convey our ideas to the clients in ways that our sketches could not. 
                         Figure 4 showing the front view of the first prototype.[image: ]
This first iteration of the design was a focused prototype. It was a focused prototype, rather than a comprehensive prototype, because it allowed our team to carefully analyse and perfect this subsystem individually. Contrarily, had we chosen to make a comprehensive prototype in our first iteration, it would have been too hard to perfect all the major subsystems at once, and our final product would we considerably worse in comparison. 
Some of the key objectives of the first prototype were to: test the structural integrity of the design, consider the aesthetics of the model, consider the ease of construction of the structure, consider the relative placement of subsystems in order to maximize output.
The first prototype was constructed purely out of free materials that were recycled from other places. The first prototype was constructed with cardboard, tape, castor wheels, and vinyl tubing. The choice of construction materials was fine for the first prototype since the main goal of this iteration was to get a general sense of feasibility when converting the design into a physical model. 
                           Figure 5 showing the reservoir placed on wheels.[image: ]
The results from this prototype were  required by March 4th. The data collected from theses tests were necessary since the purpose of this first prototype was to assess the feasibility of the design’s structure, as well as the allocation of space for the different subsystems. The results of these tests were crucial for the rest of the project.
[bookmark: _ptasbdeytyoy]Prototype II
The purpose of the second prototype was to see if our water level detection system was feasible. This major subsystem was very critical to the overall performance of our design, so it deserved a lot of careful experimentation and testing. In particular, the water level sensor, the arduino, the wifi module, and the LED strips needed to be addressed in this prototype.
    Figure 6 showing the electronic components of prototype 2[image: ]
There were many ideas that were put forward initially when the design of the water detection system was being considered. Since this was a major part of our design we used this prototype to learn the following things: any flaws in the design of the systems, areas for optimization in the system, and the feasibility of the WLDS.
[image: ]
Figure 7 representing the signal flow of the system.
Prototype II was focused because it dealt solely with the water level detection system. This component of the hydroponics system was extremely vital to the overall function of the project. As a result, a great deal of time needed to be dedicated to ensuring that it functioned correctly. It made more sense to do a focused prototype because a lot of time needed to be spend improving the design. 
Since this was a critical subsystem, a portion of the project budget was allocated to this prototype. The associated expenses are as follows:
Table 8 showing the budget for prototype 2[image: ]
The results were completed by March 13. This was a major part of the final product so, the results from this step were needed in order to proceed with the rest of the project. 

[bookmark: _ng0v0jzc04vj]Prototype III
The purpose of the final prototype was to provide a fully functional hydroponics system to the client. Its purpose was to completely verify that all of the major subsystems successfully carried out their desired functions. Thus, the general objective is to test the reliability of the final product and to measure its limits.
Figure 8 showing the final result of our design.[image: ]
The third prototype was a comprehensive prototype.  It needed to be comprehensive in order to demonstrate all of the critical subsystems to the client. It was also important that the final prototype be comprehensive because it allowed us to test the functionality of all of the critical subsystems at once. 
For this prototype, the whole hydroponic system had to be built. Thus the major work involved: building the base to support the tube, inserting the growing pods in the tube, making the reservoir portable and to facilitate its refilling, and to assemble the sensor to the reservoir.
This prototype required a lot of manual work and once done, the arduino and the sensor had to be connected to the power source to activate the sensor.
Features of prototype 3:
· Consists of a large reservoir placed on wheels for easy portability.
· A minimalist and effective board on the front for branding.
· An ultrasonic sensor which detects the water level in the reservoir and sends an email to the user if the water level is low.
· LED lighting strips which operate on a timely basis (14 hours on and 10 hours off).
· Growing pods inclined at 45 degrees for easy removal and cleaning.
· Every growing pod has their own dripper for  more consistent water distribution.

· The LED strips are placed on swivels for easy rotation and optimized light absorption by the plants.
· They also are energy efficient and do not produce any heat.
· The tubes and growing pods were made modular for easy portability and cleaning.
· A strong base able to take a weight of more than 200 pounds.


Since this was the final prototype, all of our project budget was allocated to this iteration (including the budget allocated to prototype II). The budget breakdown is as follows:
[image: ]
Table 9 showing the overall budget of the process.
[bookmark: _n7ma28dnjewf]2.5) Test
Testing for this prototype was important  because it ensured that the prototype worked.  Since the prototype was not put together entirely until a couple of days before design day it needed to be tested in every aspect so that when put together the entire thing worked.   It also  helped to see any design flaws that existed that were not evident when the prototype was being made.  Even if the prototype worked if it didn’t meet a specific level of efficiency, the testing phase would have exhibited that and made it clear an adjustment would have had to be done. 

There were some main points that were communicated/learned from the prototype.
· Flaws in the design of the systems
· Areas for optimization in the system
· The feasibility of the water level detection system
To find the answers to these points three aspects of the prototype were tested.
· Test the ease of assembly of the water level detection system (WLDS)
· Test the accuracy of the sensors
· Test the ease of use of the user interface
Since the prototype’s components were parallel to each other the tests could be done with the specific components apart from each other.  For example the accuracy of the sensors were tests apart from the test of the assembly.  This made it so that each aspect was tested separately
Accuracy of sensor
· This test was carried out by using a bucket of water.  First the code for the maximum and minimum distance the sensor should detect was written. Then different messages to appear depending on distance between the water and the sensor were set. Once the system was set, then the sensor was placed directly above the water. Then the distance between the water and the sensor was set, manually, and the distance recorded by the sensor was checked on the monitor. The results varied depending on the distance between the water and the sensor.
Ease of use for User
· This was tested using the program that is to be used to record results, in this case the arduino software. Depending on the test completed above (Accuracy of sensor) the results displayed on the serial monitor of the Arduino IDE. The message shown on the arduino tab is the same one sent to the user eventually so one had to make sure the messages were correct depending on the measurement from the previous test.
Ease of assembly of the design
· This is something that was tested by the team based on the amount of time taken to build the whole design and the level of complexity.  Since the design was completely modular, meaning the parts came on and off easily, the assembly process is not complex at all.  
During the testing, two things were measured. 
· Maximum and minimum range of ultrasonic sensor
· Time taken to receive message in email function  

These measurements helped to observe different topics and were recorded in different ways.  For example the time taken to receive the email was taken from the users inbox.  The max/min distance of the sensors was taken from the arduino software and moving the sensors manually and seeing when the sensors failed.  
The most demanding work that was required during the testing phase consisted of to major tasks. The two major tasks that needed to be done were the assembly and the coding. The assembly involved connecting the arduino and the sensor together then to a power source. The coding part is essential to the functionality and was done on the Arduino IDE.    
In the end the entire testing process was successful because the results that came back were satisfactory.  The accuracy of the sensors worked great because the water level went down at a rate such that the sensors would not be affected.  The assembly was quite easy for the team on design day because of its modularity.  The user interface was as easy as getting an email so it all worked.












[bookmark: _hd6t7p2xi57g]3) Conclusions and Recommendations for Future Work

	The hydroponics systems that was created by the team, by request of Growing Futures, was very successful. The design was successful in meeting and improving upon almost all of the needs of the client. For example, the client explicitly expressed a need to increase the plant yield, the reservoir size and the portability of the grow wall. The system that was produced for Design Day was a very promising comprehensive prototype, however it can still be improved upon by refining and introducing new elements to its design. For instance, one client need that can really be improved upon in future iterations is the plant yield. The prototype that was demonstrated at Design Day had room to grow 18 plants. This value is not sufficient, given the client’s expressed needs. The design allowed for 30+ plants to be grown with the system, however due to time constraints, this was not achieved. The next steps that would be taken to improve the system would be to complete the growing column. The column needs to have the remain growing pods drilled and sanded, so that the desired yield can be achieved. Another major redesign that needs to be made concerns the lighting system. A significant effort was made during the design process to improve upon the stability of the lighting system from the commercially available systems. They were very flimsy. Despite the best efforts of the team, the lights were still very flimsy, likely due to poor material choice (flimsy wooden dowel). This flaw can be mitigated by selecting a better building material to hold the LED strip (eg. metal). Beyond that, the only major modifications that would be made to the design would be the improvement of some minor part imperfections. For example, many of the 3D parts did not fit properly. Many of these components need to be reprinted for future iterations. 

The opportunity to work on a lengthy design project offered a lot of lessons to be learned by all of the team members. Firstly,  the team learned the importance of communication. Since the project was spread out of the course of a couple months, constant communication was required so that the deliverables could be finished on time. Many means of communication were used, however, a Facebook group chat was our main mean of communication. This platform allowed us to coordinate our efforts even if we were not together. This mean of communication was critical to the function of our team. The productivity of the team broke down when communication was hindered. Next, the team learned the importance of time management. In general, time management was not a huge issue for the team for the majority of the  project. It only became an issue when the deadlines for the prototypes approached. The prototypes were much more time consuming then the other aspects of the projects, especially given all of the troubleshooting that had to be conducted. As a result, work really accumulated within the last week before Design Day. The majority of the construction and assembly of the electronics were done during the last week. This should have been mitigated by allocating more time to the early prototypes so that they could have been finished before their respective deadlines. This would have reduced the amount of work that had to be completed last minute.
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