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Abstract - This Aquaculture (fish) and hydroponics (plants) are the two farming techniques used in aquaponics. Monitoring 
systems for aquaponics farming make sure the conditions for the plants and fish are optimal. This paper aims to model and 
simulate a monitoring system for an aquaponics farm. This paper uses Petri nets for modeling and the GPenSIM tool to implement 
the model for the simulation of the monitoring system. The simulations reveal parameters’ values to be monitored and the number 
of actuators firing. Also, the Support vector regression (SVR) technique was used to predict the air and water temperature values 
against humidity. Hence, this paper proposes a methodology consisting of theory and practice that can be successfully used in 
aquaculture and hydroponics farm. 
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I. INTRODUCTION 
 
Aquaponics is a technique of two different farming 

techniques: hydroponics and aquaculture; see fig.3. 
Aquaponics uses about 90% less water than traditional 
farming, provides more crop yield per unit area and does not 
require the use of poisonous herbicides and pesticides. 
Hence, the produce from aquaponics is organic. Moreover, 
since the technique can be applied with different systems, it 
is possible to monitor and control it, making automation 
possible. Therefore, this solution can provide organic 
products grown with optimum conditions. For monitoring 
the system, pH, electrical conductivity (EC), and water 
temperature are the main variables from the water body that 
need to be checked. Based on these monitored variables, it is 
possible to evaluate which crops can be grown. Furthermore, 
the light intensity, air temperature, and air humidity are also 
measured in addition to these variables [1]. 

In this paper: Sections II presents some details about 
aquaponics farming. The problem of simulating the 
monitoring system for aquaponics farming is presented in 
section III. Section IV presents the methodological approach 
for developing a Petri Net model from the system diagram. 
Section V presents formal definitions for Petri Nets, and 
section VI presents the Petri Net model of an aquaponics 
farm. Finally, sections VII and VIII present some 
implementation details and the simulation results. 

 
II. AQUAPONICS FARM 

 
Aquaponics is an ecologically applied horticultural 

production technique that combines aquaculture and 
hydroponics (see fig.3). Hydroponics is a soilless farming 
technique where water is the medium for plant growth. 
Aquaponics is rapidly emerging as a biofiltration technique 

used with commercial recirculating aquaculture systems. 
This farming technique provides two types of yield, plants 
(e.g., fruits and vegetables) and fish [2]. 

Aquaponics needs to host colonies of microorganisms, 
most common of which are Nitrosomonas and Nitrobacter. 
Since fish food is converted into ammonia, this process is 
known as ammonification. Bacteria convert ammonia into 
nitrites and nitrites into nitrates, and this process is known 
as nitrification. The plants then use the nitrates, and clean 
water is returned to the aquaculture. However, even in this 
synergetic interaction between aquaculture and hydroponics, 
there is always a compromise between the type of plants and 
fish due to the differences in optimal conditions for both of 
these species. 

 
TABLE I. UNITS FOR THE DIFFERENT SENSOR MESH VARIBALES 

Variables Unit 

pH (unit less) 

EC µs/cm (microsiemens/centimeter) 

Water Temperature ◦C 

Air Temperature ◦C 

Light Intensity LUX 

Humidity % 

 
Table-I shows the units for the different variables 

measured with the monitoring system. The parameters most 
critical for determining the water quality are pH and 
dissolved oxygen. Keeping the system in the open air and 
keeping it at a lower fish stocking density helps solve the 
problem of dissolved oxygen. This paper aims to simulate 
various pH buffer solutions to control water pH by 
measuring the EC of water. Apart from these parameters, it 
is also necessary to measure and control other parameters 
such as water/air temperature, humidity levels in the air, and 
light intensity [3]. 
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III. PROBLEM DEFINTION 

 
The monitoring system is used to measure the system’s 

parameters so the farmers can track if the system is out of 
balance. The central server acts as a control unit, which 
triggers actuators to control the parameters to keep them in 
the desired range so that the plants and fish can grow in 
optimum conditions. The central server receives the data 
from the microcontroller unit (MCU), which is responsible 
for collecting data from the sensor meshes. This paper will 
simulate how an aquaponics farm can be monitored using the 
General-purpose Petri Net Simulator (GPenSIM) toolbox; 
GPenSIM is developed by the third author of this paper [4] 
[5]. The monitoring of the system is modeled using Petri 
nets. 

The implementation of this project is inspired by the 
project report by Usama [1]. Usama [1] considers an 
aquaponics project in Pakistan in which a Raspberry Pi is 
used to monitor a different set of variables of the system. 
This paper aims to further improve the monitoring of an 
aquaponics system by using a Petri Net model, to be 
implemented and simulated with GPenSIM. 

 
A. Relevant works 

 
There are several studies on the monitoring of aquaponics 

farming, but there are no studies that use Petri Net models 
for simulation. Kyaw and Ng [6] use a Raspberry Pi, a web 
application, and a mobile application to monitor aquaponics 
farms. Effendi et al. [7] use an Arduino and Internet of 
Things (IoT) to monitor an aquaponics farm. Dutta et al. [8] 
and Berry et al. [9] use IoT to monitor an aquaponics farm. 
There are many more studies than these, but evidently, most 
studies for monitoring an aquaponics farm use IoT systems 
to do so. Therefore, this paper is the only one that uses a 
Petri Net model for the simulation of a monitoring system 
for an aquaponics farm. 

 
IV. MEDTHODS AND DESIGN  

 
Fig.4 shows the simplified diagram for the monitoring 

system. In fig.4, the sensor mesh works by triggering every 
single sensor one by one; this can be achieved practically by 
having a MCU control the select lines of a multiplexer. 
Another alternative could be to use the MCU directly to 
control the power of sensors, but the latter is avoided to save 
the General-Purpose Inputs and Outputs (GPIOs) of the 
MCU for more important tasks; the former technique 
involving the multiplexer is more practical. 

Since the MCU still controls the power of sensors 
(although through the multiplexer), it should be programmed 
to perform the command sequence required to read the data 
of the enabled sensor. After reading the values from all six 
sensors or sensor meshes, it should combine them into a 

single string with some indicators attached to the respective 
values, i.e., pH7, EC2.0, etc. 

After the data is formatted in a specific way, it is then 
sent to the main server, which also acknowledges the receipt 
of this data. The MCU never sends the data again before 
receiving this acknowledgment from the main server. After 
receiving the data, the central server reformats it and uses it 
to control the actuators by controlling the motor drivers of 
the actuators. The actuators are activated upon receiving a 
deranged value from the respective sensor. The purpose of 
activating these actuators is to put these physical parameters 
back in the desired range. 

The aquaponics process defines the desired range of these 
parameters. For example, upon receiving a value of pH = 3.5 
from the sensor mesh, it is essential to bring it back in the 
range of 6.5 to 8.5 because most plants and fish survive in 
this range. Once this data reaches the central server, it 
activates the motor driver of the pump, which allows the 
flow of the pH buffer solution into the system to fix the pH 
of the water. This process needs to be repeated until the pH 
value comes inside the desired range. 

 
TABLE II. UPPER AND LOWER LIMITS OF VARIABLES FOR 

SIMULATION 
Variable  Lower  limit  Upper  limit

pH  3.0  11.0 

EC  0.5  4.0 

Water Temperature  10.0  35.0 

Air Temperature  10.0  40.0 

Light  Intensity  1000  90000 

Humidity  40  90 

 
Table-II shows the lower and upper limits of the 

variables for the simulation. In the model that is to be 
developed, random numbers between these limits will be 
used for the parameters. And the model should warn when a 
variable is outside this range. 

 
TABLE III. UPPER AND LOWER LIMITS OF ACTUATORS IN CASE 

OF CHEERY TOMATOES 

Variable  Lower  limit  Upper  limit

pH  5.8  6.3 

EC  2.0  3.5 

Water Temperature  15.0  25.0 

Air Temperature  18.3  29.4 

Light  Intensity  25000  50000 

Humidity  65  75 

 
Table-III shows the lower and upper limits for the 

actuators for a test case of cherry tomatoes. Cherry tomatoes 
were used as a test case to see how the simulation would 
handle a real-life case like this [10] [11]. 
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V. PETRI NETS  
 
The targeted mathematical model of the aquaponics farm 

is Petri Nets. Hence, this section presents a brief introduction 
to Petri Nets. First, this section presents a formal definition 
of P/T Petri nets. And then, on Modular Petri Nets. 

 
A. P/T Petri Nets 

 
Petri net formalism consists of many classes of Petri nets. 

The simplest and original one is the P/T (Place-Transition). 
Fig.5 presents the formal definition of P/T Petri Nets. 

 
B. Modular Petri Nets 

 
Petri nets. Fig.5 presents the formal definition of P/T 

Petri Nets. 
Modular Petri Nets supports the development of models 

of large discrete systems by allowing independent 
development of modules and putting these modules together 
to make the overall model. Refs. [13] and [14] propose the 
newest modular Petri Nets. The modular Petri nets proposed 
in these two works are implemented in the General-purpose 
Petri Net Simulator (GPenSIM) [4], [5]. Hence, real-life 
systems can be modeled, simulated, and analyzed with 
GPenSIM as modular Petri Net models. 

Due to space limitations, the formal definitions of 
Modular Petri Nets, Petri Modules, and Inter-Modular 
Connector are not shown in this paper. The interested reader 
is referred to [13] and [14]. 

 
VI. PETRI NET MODEL OF AN AQUAPONIC FARM 

 
The system diagram (fig.4) is modeled as a Petri net 

model shown in fig.6. The Petri Net model only functions by 
using a colored Petri net to distinguish between the different 
parameters such as pH, EC, and water temperature. This 
model has four modules (subsystems): sensor mesh, MCU, 
central server, and actuator box. These modules are 
explained in subsections in this section. 

The functions of the Petri Net model: 
 

 The connector module defines the communication be- 
tween the MCU and the sensor mesh. It models a part of 
the collection buffer of the MCU (tAccumulator), which 
stores data inside the place pmCUBuffer. 

 Elements tEnableMesh, pControl, t Gen, and pBUFF 
represent the activation of the sensor mesh by the MCU 
and the multiplexer. 

 In the sensor mesh module, each sensor transition (t- pH, 
t-EC, etc.) is triggered only once, and they are triggered 
one by one. 

 Upon receiving the colored token at pmCUBuffer (its 
color contains the information from sensors), this token is 
used to enable the transition, which leads to enabling of 
the sensor mesh. 

 The MCU sends the data to the central server, and while 
sending, it enables the flag used for enabling sensor 
mesh; this is done so that the buffer inside the MCU does 
not overflow (A constraint in the real world, not of this 
simulation). 

 Once the central server receives the data, it acknowledges 
the receipt by firing the transition, t-echoack in 
Connector 2. This connector serves as an interface 
between the MCU and the central server. The MCU waits 
for this receipt before sending the data again. 

 The central server controls the actuators. The interface 
between the central server and the actuator drivers is 
called Connector3. Before sending the message to the 
Actuator Box, the central server reformats the data so that 
the actuator drivers can easily understand it. 

 If the values are out of range of the predefined limits, the 
actuator is activated to bring the values inside the range. 
 

A. Module: Sensor Mesh 
 
The sensor mesh module receives input from the MCU 

via an inter-modular connector (IMC) called Connector 
(fig.6). The transition t-Gen generates tokens for the buffer 
to be placed into the different variables (pH, EC, water 
temperature, humidity, light intensity, and air temperature) 
using colors. These variables are needed to control the state 
of the aquaponics system as they measure essential factors 
for the fish and plants to live together in optimal conditions. 

 
B. Module: MCU 

 
The MCU module is connected to the sensor mesh 

module via the inter-modular connector (Connector) and the 
central server module via Connector2. The MCU sends a 
signal to the central server when it has received the colored 
tokens from the sensor mesh. Further, it gets an 
acknowledgment from the central server when it has 
received the information. P-Ack (and pEnabler) contains an 
initial token. The place p mcuqueue models an internal 
buffer of the MCU. It sends a token to p-send via the 
transition, t-send. This sequence is the buffer of the 
communication protocol between the MCU and the central 
server. Initially, t-send places a token in p send for the first 
time, and then after every acknowledgment from the central 
server, the MCU sends the data. Connector2 does this 
acknowledgment in the form of token placement at p-Ack. 

 
C. Module: Central Server  

 
The central server module is connected to the MCU 

module via Connector2 and the actuator box via Connector3. 
The central server receives the information from the MCU, 
reformats it, sends an acknowledgment back to the MCU, 
and sends the information to the actuator box. 
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D. Module: Actuator 
 
The actuator box module is connected to the central 

server via Connector3. The actuator shows the information 
of the model after it has gone through the sensor mesh, the 
MCU, and the central server. The information that is 
received by the actuator is what range the values are in and 
the number of times they were used. The actuator is activated 
to bring the values inside the specified range if they are out 
of range. 

 
VII. MODEL IMPLEMENTATION 

 
Now that the Petri net model is in place (fig.6), it is time 

to start implementing the models for computer simulation 
using the GPenSIM tool. This paper is not giving 
implementation details due to space limitations. The 
interested reader is encouraged to check ref.[15] for 
implementation details. Some basic information on 
implementation is given below. 

Petri net model implementation Using GPenSIM results 
usually in four M-files[4]: 

 
 Petri net Definition File (PDF). 
 Common Pre-processor File (COMMON-PRE). 
 Common Post-processor File (COMMON-POST). 
 Main Simulation File (MSF). 

 
However, since the model comprises seven modules, 

seven Petri Net Definition files (PDFs) are created, one for 
each module. COMMON-PRE checks the conditions of the 
transitions before they start firing. However, additional pre- 
processor (specific-pre) files are also made to deal with real- 
time actuator signals. Similarly, in addition to the 
COMMON-POST (which checks the conditions of the 
transitions after they have fired), some post-processor 
(specific-post) files are also created for the actuators. 

 
VIII. SIMULATION RESULTS 

 
This section presents the simulation results. 
 

A. Data used for testing 
 
The data used for testing in this project includes looking 

at the optimal conditions for cherry tomatoes to grow [10] 
[16]. This data was used as a test case to ensure the 
simulation gave reasonable results. The simulation creates 
random numbers for the parameters as this simulates how the 
parameters will change during a typical day. The parameters 
that are measured are the six variables from Table-I. These 
are essential variables to measure since they measure the 
optimal conditions for the plants and fish to grow together. 
Although these variables are generated by a uniform random 
distribution for this simulation, their boundaries are defined 
for the given case of cherry tomatoes. 

B. Sample Run 
 

A sample run simulates how a monitoring system for an 
aquaponics farm might function. The simulation runs for 
100 Time Units (TUs). The simulation generates random 
numbers for the variables and displays them when they are 
out of range. It also shows the percentage of time an actuator 
was fired. A test case for cherry tomatoes was used to see 
how the simulation would handle parameters. 
 

 

 
 

Figure 1. Out of range values. 

 
Fig.1 shows some of the sensor values are out of range. 

This information is important as when the sensor meshes are 
not within optimal conditions, these values are to be adjusted 
accordingly. 

 

 
 

Figure 2. Actuator firings. 

 
Fig.2 shows the percentage of time the respective 

actuators were fired. Fig.2 shows that the pH actuator fired 
the most during this simulation run, and the EC and water 
temperature actuators fired the least number of times. As 
these values are generated randomly, a new simulation run 
will produce different results 

 
C. SVR and Optimization 

 
Support Vector Machines (SVM) is a discriminative 

classifier [17]. SVM classifies using a hyperplane and 
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projects the feature space into a higher space, as shown in 
fig.7. 

Support vector regression (SVR) is a bit different from 
SVM. SVR is a regression technique and not a classification 
technique [18]. SVR is also different from simple regression; 
in simple regression, the main task is to minimize the error 
rate, while in SVR, the main task is to try to fit the error 
within a certain threshold. 

The monitoring system for a specific yield (i.e., one yield 
of cherry tomatoes) can be analyzed using various regression 
methodologies. The key to success in this analysis lies in 
identifying the interdependence of multiple parameters so 
that the target variable can be estimated if the sensing 
mechanism is no longer available. For example, humidity 
depends on temperature; hence, humidity is assigned as the 
target variable and air and water temperatures as predictors 
[19]. 

Fig.8 shows the result of the SVR model optimization. 
Since the generated data is random over a uniform 
distribution and the limits of these parameters are user-
defined, this adds little value to the simulation. Furthermore, 
from the plot, it is evident that the estimated minimum 
objective falls below the minimum observed objective, 
which is almost impossible for practical cases. This analysis 
aims to highlight that in a practical setting (using real data), 
such machine learning models can serve as a digital twin to 
the existing system. And these machine learning models can 
be used to get a rough estimate of those parameters whose 
sensors are temporarily unavailable. 

 
IX. DISCUSSION AND CONCLUSION 

 
This paper investigates how a Petri Net model can 

simulate a monitoring system for an aquaponics farm. Petri 
Net model of the monitoring system was configured into 
different modules by applying a modular approach. The final 
model contains four modules: sensor mesh, MCU, main 
server, and actuator box. The simulations show that the 
model can make a concrete attempt at simulating a 
monitoring system for an aquaponics farm. The model can 
also show when the different sensor values are out of range 
and the percentage of times a specific actuator was fired. It is 
possible to change the parameters for the test case. The 
initial test case is for cherry tomatoes, but other plants could 
also be used. 

Limitations of this work: Currently, the model uses 
random numbers to simulate a monitoring system for an 
aquaponics farm. It would be more realistic to measure the 
parameters of an actual aquaponics farm and see if the model 
can monitor them and adjust the parameters to be within their 

given ranges. In addition, the model only simulates six 
variables for an aquaponics farm. The simulation would be 
more realistic if it measured the levels of ammonia, nitrite, 
nitrate, and other relevant variables to keep them within their 
desired ranges. 
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Figure 3. Aquaponics farming technique, where plants and fish grow together [1]. 

 

 
Figure 4. The simplified system diagram. 
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Figure 5. The simplified system diagram. 
 
 

 
 

Figure 6. The simplified system diagram. 
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Figure 7. Feature space of hyperplane into higher spaces. 
 

 
 

Figure 8. SVR model optimization results for 100 TUs. 
 


