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1 Introduction

1.1 Purpose of this document

The purpose of this documentation is to represent a detailed description of our
system (Smart Planting) requirements. Smart Planting system mainly monitor
and control the plant under the effect of LED lights to increase the plants’
growth rate, also detecting some certain diseases. This documentation will
present a fully description about our system’s web application and back-end
using Python, Arduino and sensors. We also provide a fulfilled illustration
about each stage inputs and outputs.

1.2 Scope of this document

Smart Planting system scope is to help Farmers and land owners increase their
plants production using the LED lights; The system is not only working for
increasing the growth rate but it also do protect the plants from two types
of diseases (Early Blight and Late Blight). This system is a composite of a
green house monitored with cameras and sensors; and LED lights which is the
main source of the plants’ growth, associated with a website, for farmers and
landowner to communicate with the system.

1.3 Overview

In Smart Planting system, in order to monitor the way of growth and the needs
of any plant they should be monitored by a video camera and sensors (DHT22
for measuring temperature and humidity, soil moisture for measuring the water
content in soil and LDR for measuring the light intensity, they are placed inside
the green house.
In the data input stage, the system extracts 7 frames of the greenhouse every 5
minutes, then these frames and sensors reading will be saved on the database.
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Moving to the processing stage, starting with extracting features from the frames
in order to detect if there is any green colored fruit/vegetable is found or any
diseases effecting the plant. Then using masking with Hue-Saturation-Value
(HSV) is used to detect the desired green range of the plant and the desired
color range of the fruit/vegetable. The results will help us classifying the plant
stage to generate the suitable LED light needed to be turned on.
These stages are:

1. Seeding stage, which seeds are being added to the ground but still no green
leave had appeared.

2. Growing stage, which some green leaves are being produced.

3. Flowering stage, which the plant starts to blossom.

4. Harvesting stage and that where the plants fruit is ready to be collected.

Ending with notifying the user if there is any diseases or saving the outputs in
our database, if there is no diseases being detected.
Finally in the final output stage, the system starts doing it’s job in providing
the plant it’s suitable environment to grow.
According to the readings from the sensors, if the temperature is high then the
fans start to work automatically. otherwise the fans will be turned off.
The output coming from the classification, as mentioned above it helped in
detecting the plant stage, if the plant is still in the Seeding or Growing stages
then the Blue and Green LED lights are turned on, and if the current stage
were the flowering stage then the Red LED light will be turned on, moving to
the last plant stage which is the harvesting stage, the system goes to notify the
user that the crops are ready to be harvested.

Figure 1: System Overview
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Figure 2: Block diagram

1.4 Business Context

There are some plants that do leave a negative impact on the economy of the
country; as plants do take their time in order to get ready to be harvested, and
some of the plants do die before being harvested which made a huge effect on the
market. Our system is striking to increase the amount of plants and protecting
plants by giving them their suitable environment. Meanwhile, it provides a less
cost equipment for producing more plants while land owners and farmers having
double of their normal income, with less percentage of plants loss during their
growth.

2 General Description

2.1 Product Functions

The system aims to increase the plants’ growth rate. The main idea of the
system is to automate the greenhouse with video cameras, sensors, LED lights
and fans for assisting the plant to grow faster than the effect of the sunlight on it.
The system will increase the plants production in a shorter time, so the economy
of the country will increase. The user can monitor/track the parameters and
the plant’s growth inside the greenhouse using a website.

2.2 Similar System Information

Drakulić and Mujčić [1] proposed a system with a greenhouse of size 120 60
cm. They used the optimum conditions that is the same needed in the real
greenhouse. They applied their experiment on two types of flowers, strawberry
and pepper. Their objective is to control all the optimum needed parameters
in the greenhouse in respect of minimum energy consumption rate. They used
TFT LCD touch display to control the used parameters so the users can review
and monitor the work done in the greenhouse. They saved the parameters data
in the cloud.
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Wei Choon et. al. [2] presented an experiment that want to make an envi-
ronment which is controlled by Artificial lights and also the user can control the
other attributes that can affect the plant.The project depends on different sen-
sors such as DHT11 and ultrasonic then all the calculations are done by python
by retrieving these data from My-SQL database. The experiment is done on
Apple mints using LED lights and using sun lights ,the comparison is held on
height , area of the leaf, the green color of the leaves and finally the number
of the leaves . By doing this experiment the LED lights show higher record in
all of the points except for the height.As a conclusion the Experiment proved
that LED lights is more efficient by using a friendly use program to monitor the
selected environment.
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Vimal and Shivaprakasha [3] proposed a system that controls and monitors
the main environmental factors for the plant growth in the greenhouse using
SMS service. They used Arduino micro-controller which can receive readings
from the needed sensors, also it can control used motors and the artificial lights.
The used sensors are DHT11 to measure the temperature and humidity, LDR
for the light intensity, Soil moisture measures the water amount in the soil and
pH sensor. Also cooling fan, exhaust fan, water pump, artificial light and motor
pump are connected to the Arduino. A GSM modem and Ethernet are used
to send SMS to an android phone whether offline or online so it eliminates the
SMS cost and it’s stored in a database. When temperature exceeds a certain
level, the user receives an SMS from the system so he/she switch the cooling fan
on by sending another SMS to the system, Similar for the other conditions.This
paper showed the importance of the LED lights, temperature, humidity and soil
moisture in the plant to grow strong in the greenhouse.
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Limprasitwong and Thongchaisuratkrul [4] presented an experiment that in-
tended to an efficient way of light for plant growth. There are different types
of light which are natural, grow light and LED. The experiment was made in a
greenhouse under specific conditions. The system was controlled by some dif-
ferent sensors.The greenhouse was divided into two rooms for natural light and
LED testing. The system was tested on a specific time to watering the plant and
switch lights on the plant. The result shows that the environment under LED
and grow light was controlled but under the natural light was not controlled due
to the temperature and humidity. At the end the experiment admitted that the
plant grows faster under artificial lights.
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2.3 User Characteristics

There are 2 types of users that interact with the system: Admins and Landown-
ers. Both types of users have different use of the system so each of them has his
own requirements.
1. Admin:
- Must have domain knowledge.
- Must be able to interact with the UI.
- Must be able to manage and monitor the database.
- Must be able to insure the security of the data.
2. Landowner:
- Must be able to monitor the greenhouse.
- Must be able to interact with the UI to receive notifications, view some statis-
tics and send requests to add, edit or delete land.

2.4 User Problem Statement

The agricultural sector in Egypt faces major challenges. Farmers and landown-
ers wait the land too much time to be harvested. The high humidity caused
by the sunlight can damage and cause some diseases to the plants. The market
currently lacks a system which automatically detects these diseases with high
accuracy and makes an artificial environment to the plants to grow faster and
healthier to save time, money and effort.
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2.5 User Objectives

1- Automated system to accurately detect plant diseases.
2- Automated greenhouse with video cameras, LED lights and fans for speeding
up the plant growth and increasing the production.
3- Notifying the landowner when the greenhouse is ready to be harvested.
4- Notifying the landowner when their is a strange behavior or disease appeared
on the plants.

2.6 General Constraints

One of the main constraints of the system it the variant light conditions that
the camera could face, as the video cameras should capture each stage of the
plant’s growth so if there is a low lightening, the main features that we want
won’t be detected clearly.

3 Functional Requirements
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4 Interface Requirements

4.1 User Interfaces

Our system’s user interface is easy to use and very usable. There are two main
user-types who can login in our system, an admin or a landowner. The system
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shows the user duties in the navigation menu according to the user-type logged
in.

4.1.1 GUI
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4.1.2 API

1. OpenCV
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2. Serial

3. Scipy

4. Numpy

5. sklearn

6. Tkinter

4.2 Hardware Interfaces

Figure 3: Laptop

Figure 4: Arduino
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Figure 5: Camera

5 Performance Requirements

For monitoring the greenhouse, the system shall be able to process at least 7
frames every 5 minutes. The system also must be able to handle large training
dataset.

6 Design Constraints

6.1 Standards Compliance

64-bit operating system, x64 based processor.

6.2 Hardware Limitations

1. Arduino mustn’t be nano.
2. Camera mustn’t be less than 8 megapixel

7 Other non-functional attributes

7.1 Security

The password of the user is encrypted before being saved in the database.
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7.2 Reliability

The system needs electricity all the time, so if there is a power cut the generators
will work automatically.

7.3 Maintainability

The code is implemented by using MVC, SingleTon and observer design patterns
so the system could be improved by different developers easily.

7.4 Portability

It is a web-based system so it can be deployed on any device.

7.5 Usability

The system functionalities doesn’t need time to be learned by the user.

8 Preliminary Object-Oriented Domain Analy-
sis

Figure 6: Database Schema
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Figure 7: Class Diagram

8.1 Class descriptions
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9 Operational Scenarios

Figure 8: Use Case Diagram
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10 Preliminary Schedule Adjusted

Figure 9: Project Timeline

11 Preliminary Budget Adjusted

The initial Budget is for our needed materials was 2170EGP:
1. Wooden box of the greenhouse = 600EGP
2. Agricultural perlite, peatmoss, vermiculite and tomato seedlings = 850EGP
3. Arduino Mega 2560 = 350EGP
4. Transparent plastic cover = 90EGP
5. RGB LED strip 7 meter = 280EGP
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