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Polina Ovsiannikova



 

1) Background 
 
Growing population demands more food. Traditional farming requires huge areas for growing that 
food. This is problematic especially near cities. It is also inconvenient to transport huge amounts of 
food from farms. So it makes sense to grow food in cities. One solution is to use so-called vertical 
farming. With vertical farming the plants are grown vertically instead of horizontally. This way the 
farming requires a lot less ground area.  
Parameters like moisture on vertical farms are very closely monitored and therefore adjusted. This 
makes plants grow much faster. It also gives a possibility to grow warm-climate plants in cold 
environments. Even though vertical farming is more costly compared to traditional farming (at least 
for now) it may be more common in the future. This project will teach the team members about 
vertical farming and give technical knowledge and skills that are used in automation. Soft skills like 
teamwork and project management will be essential for a successful result. 
 
 

2) Expected output 
 
Expected users 
The objective of this project is to create a vertical farm for leafy greens in which users can modify 
the growing conditions. As the expected users of this project are industrial-scale urban farmers, 
research institutions and educators, the product should provide user-defined environmental 
conditions. Users can give the expected growth parameters as an input. Such parameters include 
temperature, light density, PH, O2 levels in liquid. The user should be able to change the growing 
parameters easily for the plant through the interface, for example, optimal lighting requirements 
vary for every plant species so the user should be able to change the light density for the plant that 
is being grown. 
 
Expected performance 
The main functions of the vertical farm are expected to work automatically and reliably without the 
need for human operators. 

- As it is chosen to use the hydroponics approach with nutrient film technique for the project, 
it is required to automate the pump to make it deliver water and nutrients continuously to the 
plants during the growing phase or alternatively a timer can be used to determine the 
watering cycles. 

- Airstone is used to oxygenate the water and a sensor is used to measure the oxygen in the 
water and drive the air pump. Dissolved oxygen (DO) is needed for better plant growth, 
because it helps to deliver nutrients to the plant. The optimal level of dissolved oxygen is 
10-12 parts per million in the water. It should be considered that better oxygenation can be 
achieved with electrolysis. 

- Lighting is an essential feature for plant growth, to achieve optimal growth, lights are 
automated with a digital addressable lighting interface (DALI). 

- The growing climate will be controlled by measuring the temperature, humidity and CO2 of 
the growing room, and extracting fan will be used with an oscillating fan to keep the 
temperature and humidity down and also to control the CO2 level 
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- When the plants are manually harvested the system will move into sleep mode in which the 
growing lights and water circulation are turned off. 

- The project scope will be focused on automating the growing phase. If there is time left at 
the end of the project, the automation of harvesting will be taken into account. 

3) Phases of project 
This project will be developed through five manageable phases. These phases are mainly executed 
phase per phase but might also be overlapping with each other. 
  

● Planning phase- Weeks 1-8 ( 26.01.2021 - 08.03.2021) 
The purpose of this phase is to study the background and understand the concept of the 
project. A project plan will be created and it will include the expected outcomes of the 
project, its phases, schedules and sharing the responsibilities within the team. Technical 
study of the project will be done and the first draft of the vertical farm will be designed. 
High-level visual software and hardware architectures will be provided as well. Also, the 
necessary parts for the prototype must be ordered. Major milestones are: 

 
M1 - Project plan is accepted and delivered (DL: 11.02.2021) 
M2 - Vertical farm setup design is approved by the instructor  
(DL: 05.03.2021) 
M3 - All necessary parts have been ordered and purchased. (DL: 08.03.2021) 
 

● Conceptualization - Weeks 9-10 (08.03.2021 - 19.03.2021) 
Within this phase, the business model of the product is developed and accepted by the 
instructor. Major milestones are: 
  
M4 - Presentation slides for business aspect seminar (DL: 12.03.2021) 
M5 - Business aspect document is accepted by the instructor and delivered (DL: 19.03.2021) 
 

● Implementation phase - Weeks 9-16 (08.03.2021 - 02.05.2021) 
In this phase, the vertical farm prototype will be built up. All necessary software 
development is done and installed into the hardware as well. During this phase, the 
germination can also be started, if the project scope is not to handle the germination within 
the final product. Technical studies for each component will be also executed in parallel in 
this phase. Major milestones are: 
 
M6 - Germinating of the plants has been started? (DL: 20.04.2021) 
M7 - First prototype of the vertical farm has been built. (DL: 25.04.2021) 
M8 - Software has been developed for the farm. (DL: 02.05.2021) 
 

● Testing phase - Weeks 16-20 (26.04.2021 - 17.05.2021) 
The prototype will be tested in such a way that the whole system is working as it is intended 
to. The bugs will be fixed and the last changes will be done into the software and hardware 
if necessary. First plants will be loaded into the farm. Major milestones are: 
 
M9 - Prototype has been tested  (12.05.2021) 
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M10 - First plants have been planted into the farm and the farm started working 
(17.05.2021) 

 
● Closure - Weeks 19-21 (16.05.2021 - 03.06.2021) 

All necessary documents will be finished and provided. All the material for the final gala 
will be provided and ready.  
  
M11 - Everything is ready for the final gala (DL 25.05.2021) 
M12 - Final documentation has been approved and delivered (DL: 03.06.2021) 

4) Work breakdown structure (WBS) 
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5) Work packages and Tasks of the project and Schedule 
 

5.1) Work packages, tasks, estimated hours and WP leaders 
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Work package Tasks, and milestones Estimated 
man hours 

WP Leader 

1. Project planning  50 Toni 
Pellikka 

 1.2  Background and research 30  

 1.2 Learning new skills, e.g. 
management tool 

5  

 1.3 Project plan documentation 15  

 M1 - Project plan is accepted and 
delivered 

-  

2. Project design  185 Toni 
Pellikka 

 2.1 Technical base studies 45  

 2.2 System design 30  

 2.3 Define interfaces 30  

 2.4 Hardware architecture design 30  

 2.5 Software architecture design 30  

 2.6 User interface design 20  

 M2 - Vertical farm setup is 
designed and approved by the 
instructor  

-  

3. Economics  40 Ville 
Paasovaara 

 3.1 List of required parts and tools 20  

 3.2 Purchasing plan 15  

 3.3 Purchasing parts 5  

 M3 - All necessary parts have been 
ordered and purchased 

-  
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4. Marketing  20 Toni 
Pellikka 

 4.1 Business aspect study research 10  

 4.2 Business aspect documentation 10  

 M4 - Presentation slides for 
business aspect seminar 

M5 - Business aspect document is 
accepted by the instructor and 
delivered 

-  

5. HW Installations & 
building core 

 155 Aarto 
Rongonen 

 5.0 Modifying/Building the core 
frame 

60  

 5.1 Installing hardware 35  

 5.2 Installing sensors 30  

 5.3 Wiring components 20  

 5.4 Electrical drawings 10  

 7 - First prototype of the vertical 
farm has been built.  

-  

6. Software development  200 Ville 
Välikylä 

 6.1 Familiarization with the 
software development tools 

50  

 6.2 Establishing communications 
between components 

20  

 6.3 Coding IEC 61499 40  

 6.4 Coding alternative controller 40  

 6.5 Coding user interface 30  

 6.6 Updating functional descriptions 20  

 M8 - Software has been developed -  
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for the farm 

7. Germination  25 Ville 
Välikylä 

 7.1 Study research 20  

 7.2 Seeding the first plants 5  

 M6 - Germinating of the plants has 
been started. 

-  

8. Testing the system  65 Ville 
Paasovaara 

 8.1 Testing the functionalities 30  

 8.2 Bug fixes  10  

 8.3 Test report/demo 10  

 8.4 Adding germinated plants into 
the system 

5  

 8.5 Factory acceptance test 10  

 M9 - Prototype has been tested and 
working  

M10 - First plants have been loaded 
into the farm 

 

-  

9. Delivery  60 Aarto 
Rongonen 

 9.1 Updating the delivery 
documentation 

20  

 9.2 Preparations for the final gala 20  

 9.3 Final report 20  

 M11 - Everything is ready for the 
final gala. 

M12 - Final documentation has 

-  



 

5.2) Detailed schedule 
A rough detailed schedule of the executions of WPS is shown in the Gantt chart in appendixes. 
 

6) Work resources 

6.1) Personal availability during the project 
Table 1. The number of hours available for the project (excluding lectures and seminars) per week.  
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been approved and delivered  

Total hours: 800  

 Aarto Toni Ville V. Ville P. Explanation 
Week 1 10 2 10 10  
Week 2 10 2 10 10  
Week 3 5 6 5 5  
Week 4 5 14 5 5  
Week 5 10 14 10 10  
Week 6 10 14 10 10  
Week 7 10 10 10 10 Exam week 
Week 8 5 10 5 5  
Week 9 5 10 15 5 Business case 
Week 10 15 10 15 15 Business case 
Week 11 15 10 15 15 Business case 
Week 12 10 10 15 10  
Week 13 10 10 15 10  
Week 14 10 10 0 10 Exam week 
Week 15 10 5 15 10  
Week 16 10 10 10 10  
Week 17 10 13 10 10  
Week 18 10 10 10 10  
Week 19 10 10 5 10  
Week 20 10 10 5 10  
Week 21 10 10 5 10 Exam week 

Total 200 200 200 200  



 

6.2) Personal goals 
Aarto Rongonen: 
Wishes to learn about vertical farming in general and be heavily involved in the hardware side of 
the project. Designing and building the farm is more important than the software side, but still 
wants to learn about every aspect of the project. 
 
Toni Pellikka:  
Vertical farming is an interesting concept and I am looking forward to learning from it. I would like 
to learn project management skills through this project and challenge myself. I am also interested in 
the software design of the project. 
 
Ville Välikylä: 
I want to learn more about automated plant growing and vertical farms. I’m interested in making 
some sort of automated farm of my own after this project. I also want to learn more about doing 
bigger projects such as this. In addition, I hope I can strengthen my skills in coding and building 
hardware. 
 
Ville Paasovaara: 
Vertical farming is an important and interesting topic. I am interested to learn about the economic 
possibilities of the concept in urban areas and possibilities for greater food biodiversity and self 
sufficiency, especially in colder climates. During this project, I would like to learn more about 
programming and user interface design. 
 
 

7) Cost plan and materials 
The planned budget of the project is 5000€, which will include all the parts needed for the project. 
A list of parts will be filled in order to define the exact cost. Materials will be ordered once the list 
is done, there is no expected manufacturing work for the project. Here is a rough estimation of 
required parts and prices: 
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Part Cost  

Water circulation 400€ 

Aeration 400€ 

Climate control 150€ 

Level switch 2pcs 100€ 

PH-sensor 300€ 

Dissolved oxygen sensor 300€ 

flow switch 100€ 



 
 
 

8) Other resources 
Personal laptops 
Everyone will use their personal laptops and/or desktop computers for documentation, planning and 
software development. 
 
Google Drive 
As much work as possible on the project is done remotely due to the Covid-19 situation. We will 
use Google Drive to store and possibly edit the documentation and software of the project. 
 
Aalto Factory of the Future 
Physically the vertical farm will be built at Aalto Factory of the Future facilities. It is located at the 
Computer Science Building (T-talo) in Otaniemi. We will use the tools and equipment available 
there to build the project. 
Access requests can be submitted through idm.aalto.fi. Start a request for a ‘new physical access’ to 
special zones and use search to find “Address Konemiehentie 2 B141a CS-Building process hall for 
staff 24/7” and send the request. When asked for a reason for the access, write that the access is 
needed for the project on course ELEC-E8004 - Project work. 
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Temperature transmitter 200€ 

CO2 sensor 200€ 

Humidity sensor 300€ 

Electrical Conductivity sensor 200€ 

Photoresistor 2pcs 5€ 

Growing medium 50€ 

Plant containers 50€ 

PVC-pipe 50€ 

Frame accessories  50€ 

Miscellaneous 50€ 

Total 3135€ 



9) Project management 
 
● A project manager (Toni Pellikka) is the leader and spokesperson of the group. He is the 

main connection between the group and the client/instructor. He organizes meetings and 
usually leads the meetings. He is responsible for the overall picture of the project and he 
makes sure that deadlines are met. The project manager can make rudimentary decisions 
about the project. 

● An instructor (Polina Ovsiannikova) is the expert and the guide of the project. She has the 
knowledge to start the project and provide information for the group. Information can be 
project-related about the course itself. The instructor is also the customer of the project so 
she will have a rough idea of the output of the project. Even though a team can make wishes 
about the project, the instructor has a final say when it comes to decisions. Resources for the 
project are spent through the instructor. 

● Work package leaders are responsible for a part of the project that is assigned to them. They 
make sure that the work package is completed before the deadline and that the requirements 
are met. The work package leader (WPL) is responsible for the work package but it doesn't 
mean that WPL will do it on their own.  

 

10) Project Meetings 
The project team has a Zoom meeting with the instructor every week. The default time for this 
meeting is on Friday at 13:00. Additional meetings will be organized if needed.  
Default meeting agenda: 

- Appoint the person who writes the memo of the meeting; 
- Go through the progress/results since the last meeting; 
- Check the progress against the planned schedule; 
- Decide what each person is going to do by the next meeting; 
- Decide when the next meeting is going to be. 

Team members have an internal meeting every Monday at 9:00. In this meeting, the team members 
discuss their progress with the ongoing tasks and any possible problems that may have occurred. 
In addition, the team members may have short informal “stand-up” meetings where the project tasks 
are discussed more. 
The project manager prepares the agenda for every meeting and stores the agenda in Google Drive 
for everyone to see. A short memo is written about every meeting. This memo will include any 
decisions made. Meeting documents are stored in the project Google Drive folder. 
 

11) Communication plan 
● Internally: 

Internal communication at a superficial level is done in Telegram messaging app, where 
announcements and project-related questions can be asked. Meetings are mostly done in 
zoom video conferencing applications. Internal project planning and task managing are done 
in clickup. Project files are kept in a shared google docs folder 

● With the instructor 
Communication with the instructor is done via telegram app and email and weekly meetings 
are held in zoom. 
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12) Risk management 
 

 

13) Quality  
Work package leaders are responsible for the quality of their WPs. 
The project manager follows the overall quality of the project with the project management tool 
ClickUp and using other suitable means if needed. 
 

14) Changes to the project plan 
Any group member can call for a change in this plan if they think that there is a need for it at any 
time during the project. Changes must be approved in a meeting by the team members. If there is no 
consensus on whether the change should be made, then the project manager decides the final 
outcome. On major changes, the approval of the instructor is also needed.  
If any change is made, it will be documented in the memo of the meeting where the decision was 
made. 

Page 13 of 15 
 

Risk Severity  Probability Action plan 

Broken or 
unavailable 
equipment 

low high If a part can't be fixed or its arrival is 
delayed, a new part will be purchased 
from a different source. 

Unavailable team 
member 

mediocre  mediocre If a team member is unavailable for 
sickness or other reasons the other team 
members will share the missing team 
member’s responsibilities. 

Delayed schedule mediocre mediocre If the schedule is a little delayed then team 
members will use more time to catch the 
schedule. 
If the schedule is impossible to catch up 
then some project parts are taken away or 
requirements are decreased. 

Exceeded budget high low If the equipment is not possible to replace 
with a cheaper option some project parts 
of the project are taken away or 
requirements are decreased. 

Coronavirus mediocre high If Coronavirus regulations are tightened so 
that team members can't be physically 
meet then physical parts are done 
individually. 
If there are other kinds of restrictions 
appropriate actions will be taken. 



15) Measures for successful project  
 
For the team, a successful project means that we have an automated vertical farming unit that grows 
plants autonomously. It should detect changes, for example, in the atmosphere and react to them so 
that plants have optimal growing conditions. Plants that are already in the growing phase will be 
planted and they should grow without any human interference. The vertical farm will be left 
uninterrupted for a considerable amount of time and success will be measured by the growth and 
condition of the plants. 
A secondary goal for the projects is to learn about Vertical Farming, teamwork and the technical 
aspects of the project. During the project team members will be working on the parts that they are 
most interested to learn about. Learning will be measured by comparing the knowledge and 
know-how before and after the project.  
The whole project and its work packages will be documented on ClickUp. After the project, the 
deadlines and the quality of the work packages can be assessed. Based on this final report can be 
written. The final report will compare the initial idea of the project and the final product.  
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16) Appendixes 
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