
National Conference on Communication and Image Processing 
ISSN (Online): 2348-4098 
ISSN (Print): 2395-4752 

 

International Journal of Science,
Engineering and Technology

An Open Access Journal

© NCCIP 2019 This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly credited. 

An IoT-Based Traceability System for Greenhouse 
Seedling Crops 
NETHRA NAGESH 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

The project presents some novel aspects employed 
in traceability systems to ensure agricultural quality 
and safety. For fresh, edible agricultural products, 
the traceability line is long, but carried out quickly 
because unprocessed products are prone to 
accelerated decomposition. For this reason, 
traceability of agricultural produce from the 
growing plant (seedling) to the final product is very 
important. A number of agricultural products, such 
as fruits, have a low shelf life postharvest - several 
days or a couple of weeks according to the product. 
Internal traceability may now be able to estimate 
the shelf life of products postharvest according to 
the behaviour shown by the seedlings; the process 
of tracing seedlings ensures the best features of 
agricultural products regarding quality and yield.  

Tracking registers the seedling in the production 
line, looking to standardize the process of good 

agricultural practice and the effective use of land in 
agriculture, supported by technology. In the 
process of agricultural practice in this study , no 
pesticides or other chemical products were used. 
The greenhouse was thus isolated from the outdoor 
environment and the indoor environment then 
simulated using technological control. Fertilizers 
and nutrients were administered only by the 
irrigation system.  

The variables to be controlled were measured with 
different sensors, case by case, according to the 
objective of the analysis. For instance, soil moisture, 
air humidity and environmental temperature of the 
seedling were measured, as well as the luminosity 
inside the greenhouse. The sensors are related to 
actuators that control the limit of each variable. 
These are the heating and cooling systems, 
including micro-sprinklers, drip irrigation, and 
ventilation fans. This control thus provides a model 
for a smart greenhouse that makes use of an IoT 
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platform. Meanwhile, the collected data are 
uploaded to the platform web service and 
subsequently shared with consumers and supply-
chain actors. These features make food traceability 
systems a platform that ensures safe, quality 
products. Finally, this model can go on to become a 
framework for e-commerce as well as a modern 
system for recording and tracing foodstuffs around 
the world. The design and modeling of the IoT-
based internal traceability system for agricultural 
products is therefore an example of 1) innovation in 
the application of electronic instrumentation to 
promote good agricultural practice and an 
effectiveuseofland;2)the application of the IoT 
paradigm to orchestrate a solution that enhances 
the essential elements of good practice in 
agriculture and the technologically adapted 
greenhouse system.  

PROPOSED SYSTEM 

SYSTEM OPERATING PRINCIPLE 

The system composed of the embedded Raspberry 
Pi 3 computer communicates via Wi-Fi with an 
access point. The information point contained in 
the system interfaced with the electronic 
instrumentation of sensors and actuators forms the 
micro-net. This connection obeys the logic system 
for control of the greenhouse environment. The IoT 
system includes the record of controlled variables 
such as luminosity, soil and air humidity, 
temperature control (cold and hot),and water 
management(consumption)via the irrigation 
systems (micro-sprinklers and drip). A diagram of 
the system architecture is shown in Figure1. This 
could be analyzed from the two stages it contains. 
The first stage is the internal traceability process; 
this stage contains the variables that are tracked by 
means of the sensors and subsequently controlled 
through actuators in an adapted environment.  

FIGURE 1. Architecture of IoT traceability system. 
The actuators of the system are as follows: in 
luminosity, the actuator is a LED panel; in irrigation, 
the motor-pump of each system is implemented for 
both the micro-sprinkler and the drip irrigation. In 

the case of temperature control, the actuators are 
air inflow, extractor fans and the heating system. 
Soil and air humidity are controlled by switching on 
and cutting off the water supply (motor-pump) and 
the heating system. The first stage is based on the 
information gathered about the seedlings. 
Information from monitoring and recording is 
processed and stored for the action of the 
controllers. This information is then shared on the 
web platform. The internal traceability platform 
contains a network of sensors and actuators, in 
which the variables measured by the controllers are 
linked with the web platform through Wi-Fi. The 
web platform design contains three blocks destined 
toward access to information for all actors in the 
agricultural value chain. The user interface enables 
the quality of the products to be assessed, along 
with the safety of the greenhouse planting.  

In the second stage, the TRACE and CLOUD blocks 
manage the information to access the resources. 
This work used a web server to provide a data 
management interface to help farmers gain access 
to the database. The Express web server was used 
to provide user queries to the web pages, such as 
static and dynamic queries in the agricultural 
information process.    

 

FIGURE 1: Architecture of IoT traceability system. 

B.GREENHOUSE MODEL : 

The greenhouse model design has several features 
worth highlighting. Figure 2 shows the greenhouse 
system equipped with specific electronic 
instrumentation. The system is conceived as a 
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whole, where the sensors and actuators together 
for the IoT system.  

FIGURE 2. Traceability system within greenhouse 
structure. The system is composed mainly of a 
development board from where all the variables of 
the indoor environment of the greenhouse are 
controlled, thus facilitating the process of 
communication with an external subject. The 
platform is flexible and supports a variety of 
programming language, but in this work Raspbian 
programming executes the code according to the 
block diagram shown in Figure 3, in which the red 
box contains the primary process of data and 
control systems handled in the IoT platform. This 
control process is described in Figure 4. The 
decision stages along the control process-recording 
the data set,  tracking and communication follow 
the flow and allocate work blocks for each stage of 
the process. This order obeys the system logic of 
platform design. The relationship between the 
block of variables and the block of actions of 
control is direct. For instance, for each variable 
measure, one or more actions of control exist that 
follow the requirements of the environment. These 
blocks are mediated by the processing and control 
execution block (red).  

 

FIGURE 2. Traceability system within greenhouse 
structure. 

 

FIGURE 3. System block diagram organization. 

 

 

FIGURE 4. Programming and control flows. 

HARDWARE DESCRIPTION 

A. SENSING UNIT  

1) Sensors: the physical variables of 
measurement are captured through sensors 
characterized according to the environmental 
parameters of a planting area. The digital model of 
inputs and outputs from the embedded computer 
builds the data from the control and information 
unit.   

2) Soil humidity and air humidity sensors: 
these sensors influence the type of control of the 
variables. The soil humidity sensor for example is 
composed of two conductive elements embedded 
into the ground with terminals for transmitting and 
receiving electric charges. These charges are of 
higher or lower conductivity according to the level 
of humidity of the soil. This measure allows soil 
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humidity control by drip irrigation. Using the 
measurement from the air.  

humidity sensor (DTH11), three control actions can 
be applied: the heating system (dehumidification),  
the irrigation system (micro-sprinklers) and the fans 
system. The quantity of water vapour in the air is 
characterized as a measure of air humidity. The 
device allows the relation of these variables, since 
as the temperature inside the greenhouse changes, 
humidity likewise changes. For this reason, this 
sensor is critical to the development of the 
platform.  

3) Temperature sensor: this sensor is a device 
that is fully integrated with the air humidity sensor 
described above. The DTH11 temperature sensor 
plays a role in the mode of crop irrigation and the 
action of the heating system. This sensor and the 
actuators will make it possible to lower the 
temperature and increase or lower relative 
humidity, as well as raising the temperature, 
depending on the type of crop.  

4) Luminosity sensor: the LDR sensor uses 
variation in resistance as a function of the amount 
of light that affects the environment. The voltage 
the measurement causes increases or decreases in 
the same proportions.  

IMPLEMENTATION 

The model was implemented according to the 
design described above. This model follows all IoT 
platform considerations required for the internal 
trace ability system in the greenhouse containing 
seedlings. The structure was built with devices 
commonly used in precision agriculture, for 
example the irrigation system (drip and micro-
sprinkler), while the other systems implemented are 
widely used in agricultural nurseries (LED-light and 
heating system). Figure 5 shows the 
implementation of the platform in which we 
develop the model for the dynamic control of our 
experimental greenhouse. This is a multi-variable 
control model. The environment inside must ensure 
the correct features for plant growth and 

development. The greenhouse platform can be 
used using applications (apps) across the whole 
agricultural value chain. The seedlings can also be 
used as extensive production in the nursery, thanks 
to the flexibility of the system as regards change of 
cultivation parameters. The system allows change in 
the ranges and time of control as well as percent 
temperature and humidity for any plant. The 
developed greenhouse was built with the following 
dimensions: length=1.2m; width=1.2m; and height 
2.0m, with installation in Tunja, Colombia. The test 
of simulation and control of the system was carried 
out in this prototype greenhouse using a cherry 
tomato crop (Lycopersiconesculentum). The heating 
system functions as a dehumidifier, to manage 
greenhouse humidity. This solution is cheap and 
useful because the low energy consumption 
procedure is located on the floor of the greenhouse 
and changes the humidity at a rate of 10% in 5 
minutes. This system also influences the 
temperature of the environment according to the 
requirements of the seedlings. Fertilizers are 
supplied via the water and by means of the drip 
irrigation system. In our case study, no chemical 
controls were used on the plants. The main feature 
of the system is control of the indoor environment 
to encourage the growth and development of 
plants, as well as ensuring quality, safety and the 
phyto sanitary standards in the seedling stage. The 
IoT system is responsible for the management and 
control of the flow of information related to the 
environment tracking system. The agricultural 
information collected from the greenhouse is saved 
on the server platform to share with the structure of 
the web system and stream to the users. B. WEB 
APPLICATION:  

 The WEB system designed for this work can be 
described in two phases. The first is the server 
platform and the second is the cloud platform (user 
interface). The server platform was built in the 
Express framework in a local server with MongoDB 
database, incorporated in the NodeJs and Phyton 
programming languages with access to the 
resources to save information. The user web 
application is designed in HTML5, CS3 and 
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JavaScript programming languages. The local 
interface of the greenhouse is designed from the 
Raspberry Pi 3 board with graphic resource 
programming stacks. Figure 6 shows the Web 
structure implemented. The main feature of the 
platform is real-time multitasking. The system can 
achieve data acquisition and output, data pre 
processing , processing and execution of 
algorithms, graphical display and administrator-
user interactive diagrams, real-time data storage, 
retrieval management, and real-time 
communication via the Internet.  

RESULT 

Climatic conditions in the sector where the 
greenhouse was implemented have the particular 
conditions of cold and an altitude of 2800 meters 
above sea level, so that it is continuously cloudy. 
During periods of sunshine, the heat is intense and 
the effects of solar radiation must be controlled 
using the irrigation (micro-sprinkler) and fan 
systems that enrich the crop in CO2. For this 
feature, the luminosity and heating systems were 
used. Control of humidity and temperature is 
central to the development of the work.Figures7 
and 8 show the behavior of humidity and 
temperature with respect to the time of activity in 
the plant metabolism in 45 days. The amount of soil 
and the organic fertilizers placed in the germination 
trays is 2Kg: 1Kg for each tray. This soil can 
consume up to 1 liter of water, reaching 90% 
humidity. Monitoring of water consumption and 
soil humidity reveals the percent humidity required 
for cherry tomato seedlings during the first 45days 
of germination.This parameter is between 60% and 
70% of air humidity. The dotted trend line is taken 
from the daily consumption rate. The optimal 
temperature for tomato growth and development is 
between 20 ◦C and 25 ◦C by day and between 15 ◦C 
and 18 ◦C by night. The tomato is a plant that needs 
a 6-7 ◦C variation in temperature between day and 
night. Levels of relative humidity higher than 80% 
produce a favourable environment for attack by 
pathogens (fungi and bacteria), while levels lower 
than 60% produce water stress and a low rate of 

photosynthesis. As a result, control of humidity and 
temperature is critical.  

CONCLUSION 

The paradigm of Internet of Things, applied to the 
traceability system in the agricultural process, 
promotes good agriculture practice, effective land 
use, and quality and safety in agriculture produce. 
The stage of internal traceability across the whole 
agricultural value chain ensures support for 
seedlings to be used in large-scale crops. The 
system is designed to improve the mode of 
agricultural production and develop high standards 
of quality and a high commercial value. This latter 
aspect makes the trade of agricultural products 
more dynamic and competitive. The technological 
features of the greenhouse make it possible to 
influence both harvest schedule and yield. 
Furthermore, the designed system can produce 
extensively as a nursery crop. In this work, research 
and design led to achieving the control and 
monitoring of an indoor environment system of a 
greenhouse. Through the designed Web system, 
users (farmers) can access information about 
seedlings or the harvest of the products in the 
greenhouse. Design of the controller for the 
greenhouse model is carried out using fuzzy type 
PID. Following the analysis and evaluations of the 
controllers for the temperature and humidity 
system, the best option was implemented. The 
selection criteria were fastest response time and 
stability in the process. The proposed system 
reduces the consumption of water and energy in 
the whole agricultural process. This information is 
recorded in the datasheet for the product. The 
greenhouse uses the IoT framework to improve the 
process of communication with actors in the 
agricultural value chain.  
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