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Design of the control system for a thermal waste plant

Diseño del sistema de control de una planta de residuos térmicos
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This article deals with the development of the design of a temperature control system for a
vegetable waste treatment plant, specifically the Verilog hardware description language is used
on a PSoC CY8-CKIT-059. The system has three stages of information handling, in the first
instance the conversion of a decimal voltage value represented by a pulse to bits is performed,
then a component in charge of the transformation entered in bits to a new bit sentence that will
feed the terminals of different seven-segment displays that make up the graphical interface of
the system will be added.
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Este artículo trata sobre el desarrollo del diseño de un sistema de control de temperatura
para una planta de tratamiento de desechos vegetales, específicamente se usa el lenguaje de
descripción por hardware Verilog sobre un PSoC CY8-CKIT-059. El sistema cuenta con tres
etapas de manejo de información, en primera instancia se realiza la conversión de un valor de
tensión decimal representado por un pulso a bits, luego de ello se agregara un componente
encargado de la transformación ingresada en bits a una sentencia de bits nueva que alimentara
los terminales de distintos displays de siete segmentos que componen la interfaz gráfica del
sistema.
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Introduction

Most physical and chemical reactions in nature are
temperature sensitive, so temperature control is highly
relevant in industrial processes (Calderón et al., 2017).
Temperature controllers that are based on digital circuits
have several advantages, such as a high level of accuracy,
a high level of programmability, and adaptability (Mondal
& Pal, 2013). The decisions that result from the analysis of
the temperature in a system can determine whether a process
is running correctly or not. Such a level of importance
demands that the measurement process meets standards of
high accuracy, high resolution, and the lowest possible
uncertainty, hence the need for control technologies such as
microcontrollers.

To analyze and digitize the information received from
the outside, sensors must be used (Galvis & Madrid, 2016;
Reyes & Gerena, 2018). The sensors perform the function of
discretizing the information and translating it into a language
that can be highly codified by a machine or programming
software (Córdoba & Plazas, 2015; Moreno & Páez, 2017).
After that, the encoded information must be retransmitted
again into a language that can be easily understood. This
creates the need to make use of a graphical interface.

The design principle of temperature sensors is based on
the components or materials used for their construction. This
type of component must have an appreciable response to
temperature changes in different media, it must be taken into
account that some materials lose their physical properties
with constant temperature changes (López, 2014).

Some of the main needs to be met by the sensors are:

• Compatibility with digital language.

• Occupy the smallest possible area.

• Low power consumption.

• Cover a wide temperature range.

• Easy calibration.

• Digital output.

• High precision (Álvarez & Gómez, 2019).

In addition to temperature measurement, the measurement
of periods is also vital in industrial processes (Riaño et
al., 2012). Because temperature changes in defined time
intervals; often allow obtaining highly elaborated products,
or simply to achieve that the properties of the element to
which the temperature change is applied change in favor of a
pre-established purpose.

This complex level of real-time information capture has
triggered a commercial race for the production of highly
reliable devices, which use the technologies corresponding

to their time. In general, the first devices used
analog technology during the capture and manipulation of
information; with the digital revolution of the last part of
the last century, digital design has gradually replaced this
technology (Vásquez & Martínez, 2011).

One of the advantages of this accelerated change in
technology is that digital language, in most cases binary,
can be easily encoded by machines or digital devices. The
information acquired in the digital medium can get to have
a correct interpretation in the communication system used
by humans. This interaction of information is made possible
because coding languages, such as binary language, allow
the manipulation of data using Boolean algebra. This
process leads to the construction of logic circuits in hardware
description languages, the development of which is the
foundation of the devices mentioned above (Olarte et al.,
2007).

More particularly, the hardware description language
is commonly used to model electronic systems. This
description language supports the design of systems such as
temperature control to be implemented. They also can make
a mix between analog and digital technology, which is useful
since as mentioned above most sensors are a digital response
to temperature changes.

Next, and taking into account the previous considerations,
we will design a control system in a hardware description
language, to control the temperature in a plant that processes
vegetable waste, it is required, and as we mentioned before
that the physical properties of the waste change at the
convenience of the process which will be a carbonization
process. Likewise, it is of vital importance to enhance the
design of the control of the exposure time of the material
to different temperatures. The design of the system will
be carried out in stages and sequential order. At the end
of the process, there must be a digital display in which the
information and the status of the system can be visualized
according to the stage of the process.

The process mentioned above refers to the thermal
treatment of biomass for the generation of activated carbon.
Since it is indispensable to have control over the temperature
of the furnace where the organic elements will be calcined,
the design and temperature control system will be created to
reach the desired temperature at each stage of the process.

Problem statement

How to design an autonomous system through hardware
description language for the control of a plant that processes
vegetable waste?

Control systems are fundamental in the operation of
processes since they allow the manipulation of the different
variables intrinsic to the process. The correct control of these
variables increases the probability of improving parameters
such as effectiveness and efficiency in execution. Similarly,

38



Tekhnê
January - June 2020, Vol. 17, No. 1, pp. 37 – 50

© Universidad Distrital Francisco José de Caldas
ISSN 1692-8407

there are manufacturing and material handling processes
where it is essential to have indirect and automatic control
systems because sometimes the human being is not suitable
to run the control process.

In a more particular way there are processes whose result
depends primarily on the application of heat energy at high
temperatures, ie the control of the temperature variable,
such example: Metallurgical foundry, glass manufacturing,
cooking food, etc. That is, from the simplest to the
most complex processes, it is important to have the highest
possible accuracy in the control of temperature changes to
avoid undesired results.

As an example, one of the processes for which
temperature control is important is the carbonization of
vegetable waste in thermal treatment plants. There, the
temperature of the furnace varies in different scales and the
different time intervals necessary for the treatment of the
waste must be controlled; according to the above and as
the human being does not resist the temperature levels to
which the waste is exposed, besides that it induces error in
the control of periods during the process. It is necessary
to design indirect control systems that provide reliable
information in real-time inducing the minimum possible
error, safeguarding the safety of operators and the quality of
the final product.

The systems that offer this level of reliability are
mostly digital systems, which operate based on a general
programming language. For this reason, to satisfy the need
to exercise control over processes where the human being is
highly inefficient, it is essential to create a control system
from languages such as hardware description, which can be
widely used in the design of automatic systems.

Design requirements

An autonomous system is to be designed in Verilog for the
control of a plant that thermally processes vegetable waste.
The processing includes the heating of the vegetable in an
oven for a certain time (residence time). The following
are the characteristics of the plant and the system to be
implemented.

1. The plant has a kiln. The oven operates with a natural
gas burner. When the start button is pressed, the
system must light the burner and keep it on until
the maximum temperature sensor (STMAX) indicates
with a logical one that 700 degrees Celsius has been
reached. The rotation motor should also be turned
on. At this point, the residence time starts counting.
If the temperature drops below 500 degrees Celsius
(which is indicated by a logic one from the minimum
temperature sensor STMIN) the burner should be
restarted. The material in the oven should be held
between the maximum and minimum temperatures for
four hours.

Figure 1

Process diagram.

2. At the end of the four hours, turn off the burner,
turn on the yellow alarm (sound and light, OAA),
and wait for the safety temperature sensor (STSEG),
which sends a signal when the temperature is below
100 degrees Celsius. At this time the rotation motor
should be turned off, and when the rotation sensor S
M R indicates that the oven has stopped, the green
alarm (sound and light OAV) should be turned on. This
indicates the end of the process.

3. An emergency stop pushbutton should be
implemented, which shuts down the burner and
the rotation motor.

4. All pushbuttons must-have software implemented an
anti-rebound system.

5. A display must be implemented to visualize the
information and status of the system.

Fig. 1 shows the process diagram.
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Figure 2

PSoC CY8CKIT-059.

Methods

To build the control system according to the required
specifications, we took into account three fundamental
design stages.

Control system

For the design of the temperature control system, we
will use the VEerilog hardware description language, a
widely understood language compatible with the PSoC
CY8CKIT-059, a controller easily available on the market
and highly versatile for the design of digital systems (Fig. 2).

The working software to be used will be PSoC Creator,
a free and easy to download online software, the only
requirement for its acquisition is to register on the Cypress
platform. First of all, the software is started and the version
of the device that is available is selected. Then proceed to
the creation of the component, it should be noted that the
hand must run a real hardware parameter as shown below
(Fig. 3). The selection of the Hardware true parameter allows
the physical connections on the device (Fig. 4).

Figure 3

Parameter creation.

Subsequently, the component is created. The component
must take into account the relationship of inputs and outputs
that make up the system. As we can see in Fig. 5, on the
left side are the inputs that generate state variations within
the component, while on the right side are the outputs of
the system that control the stages of the burn cycle. These
outputs are directly affected by the internal configuration of
the hardware description system.

Below you can see how to generate the work interface to
design the language in Verilog (Fig. 6). To manipulate the
digital information produced by the inputs and outputs, these
must be identified in the Verilog code. It is also necessary
to select the type of variable that corresponds to the inputs
and outputs. In this case, the inputs are of type WIRE, i.e.
hardware connection, and the outputs are of type REG, i.e.
information storage.

The functional blocks of the code built in the Verilog
language are shown below (Figs. 8 to 10).

At this point in the process, the first stage is finished
(Fig. 10). The container has reached the maximum allowable
temperature. When the maximum temperature sensor is
activated, the burner is de-energized, initiating the cooling
process or second stage (Fig. 11).

The temperature starts to drop, then the maximum
temperature sensor is deactivated and the intermediate
temperature sensor is activated, which generates a condition
to activate the minimum temperature sensor allowed for the
heating process, 500 degrees Celsius (Fig. 12).

When the temperature decreases to 500 degrees, a
temperature pilot light of this sensor also lights up, indicating
the temperature range of the process. The material inside
the furnace will remain in a residence state between the
minimum and maximum temperatures for four hours. This
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Figure 4

Hardware parameter selection.

Figure 5

Component creation.

CLOCK signal is simulated for ease of use by a simple
switch (Fig. 13).

To make the timer control interrupt the heating process
and stop the burner at any stage, a condition must be
generated for each possible position of the temperature
sensors, then we will show the CLOCK interruption system
to reach the third stage (Figs. 14 and 15).

At this point in the process, the residence time has
stopped, i.e. the material is ready to continue its
transformation process. When the pre-set time is stopped,
the burner and all the previous sensors are switched off and a
yellow indicator LED lights up (Fig. 16).

Figure 6

Verilog code generation.

The temperature can now be lower than 500 degrees
Celsius, a safety sensor of 100 degrees Celsius is ready
to act and when the temperature reaches this value, its
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Figure 7

Definition of inputs and outputs.

Figure 8

Absolute zero condition in the circuit.

characteristic pilot light comes on and the engine stops
(Fig. 17).

When the motor stops and reaches the minimum safe
temperature, the pilot light, and an alarm light up, a signal
designed to warn operators that the cycle is over (Fig. 18).

Similarly, there must be an emergency stop system; in
general, when this push button is pressed, the process must
be completely stopped. An effective interruption of the
circuit must be generated. This is achieved with a conditional
in which all the outputs are taken into account (Fig. 19).

Figure 9

Burner ignition process.

Figure 10

Maximum temperature, clock start, burner shutdown.

Analog-to-digital conversion

The graphical interface of the system is responsible for
warning the operators of the state in which the process is,
specifically for this case the graphical interface must show
in different displays type seven segments the temperature
value at which the process is. To achieve this task
within the control device must be a tool that is capable of
digitizing information from environmental variables such as
temperature to digital information of a reliable character and
with the least possible error.

Accordingly, the device must contain within itself a
transducer element in charge of translating the temperature
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Figure 11

Intermediate temperature sensor application.

Figure 12

ST MIN500 range, burner resetting.

value into another physical variable. For this specific case,
we will select a thermocouple in charge of translating the
thermal sensation into an appreciable potential difference
between two terminals.

For this reason, it is important to highlight the
functionality of these digital devices (López, 2014). The
principle of operation of thermocouples can be described in
that they consist of two wires of different metals joined at
a measuring junction. As soon as the wires cross a region
where the temperature changes, an electromotive force or
e.m.f., also known as thermo-voltage, is generated in them.
This phenomenon is called the Seebeck effect which has a
typical magnitude of about 10 to 40 µV/C depending on the

Figure 13

Completion of residence time.

Figure 14

Interruption at 700 degrees and interval.

coefficients of the thermocouple wires and the temperature
difference across the thermocouple wires and the temperature
difference along their total length.

Thermocouple selection

For this particular type of project, the K-type
thermocouple is more than satisfactory in terms of the
temperature range. The type K thermocouple, made of
Nickel-Chromium (chrome)/Nickel-Aluminum (constantan),
is recommended for working temperatures from -200 degrees
Celsius to +1270 degrees Celsius. Its response has a linear
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Figure 15

Interruption at 500 degrees.

Figure 16

Safety sensor.

behavior with a sensitivity of 41 µV/C (López, 2014)
(Fig. 20).

Analog/digital conversion module

In a more simplified way, it can be stated that a
digital-analog conversion module is a converter of a
continuous signal (voltage) which is translated into a binary
number of n number of bits (discrete voltage values) to be
easily manipulated by a digital device. In our case, using
the hardware description language Verilog we apply to the
PSoC.

Figure 17

Safety sensor activation - motor off.

Figure 18

Motor stop end of cycle.

The development of the temperature control system
that we exemplify throughout this report will perform the
design of an ADC conversion model, After selecting the
thermocouple, through the sensitivity parameter of the same
perform a rule of three that allows us to know how much
voltage is equivalent to the working temperatures of the
sensors (Fig. 21).

In Fig. 21 we can see the block converter of the voltage
value to four-bit outputs. For this converter, the process
of designing the code in the hardware description language
must be followed as shown below (Figs. 22 and 23).
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Figure 19

Operation of the emergency pushbutton process stop.

Figure 20

General characteristic curve termoupla type K (Msa,
2020).

Figure 21

ADC component.

Figure 22

Definition of inputs and outputs.

Figure 23

First conditional inputs on low outputs on low.

Graphical interface

After translating the voltage values into digital
information, we proceed to build the graphical interface. In
this case, we build a component configured with the case
command (Figs. 24 to 28).

When creating the component, it should be made clear
that the input is a four-bit value produced at the output of
the ADC designed earlier (Fig. 29).

In the configuration of the module in Verilog, it must be
clarified that both inputs and outputs will be represented in
groups of bits, therefore their definition is made as shown in
Figs. 29 and 30.
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Figure 24

Bit output protection temperature in binary.

Figure 25

Bit output minimum temperature in binary.

The Fig. 30 shows the code designed with the case
statement allows to enter a decimal value and then breaks
it into four bits, then generate an output code statement on
the PSoC pins. From there the inputs of the seven-segment
display are fed. This configuration must be repeated
three times to graphically display the temperature value in
hundreds and tens units.

Results

To verify the result of the complete system design, we
verified the outputs of the system component by component.

Figure 26

Bit output maximum temperature in binary.

Figure 27

System overheat status bit output.

Verification of the control system

The verification of the control system was done using
hardware, the signals given by the sensors and entered into
the system were simulated through simple switches and the
subsequent outputs, which are the burner, the motor, and the
different pilots, were simulated simply with light-emitting
diodes (LEDs). The assembly representing the inputs and
outputs is shown in Fig. 31.

Fig. 31 shows the switches simulating the inputs located
from left to right.

• The first switch is the Power switch.
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Figure 28

Creation of the component.

Figure 29

Definition of input and output lists.

Figure 30

Construction of the case command code.

• The second switch is the maximum temperature sensor
ST-70O.

• The third is the intermediate temperature sensor
ST-699-501.

• The fourth switch is the minimum temperature sensor
ST-500.

• The fifth switch is the stopwatch switch.

• The sixth switch is the safe temperature safety sensor
ST-100.

• The seventh switch represents the motor stop.

In the following (Fig. 32), we will indicate the pin
assignment that was used in the system to be implemented
in the device.

Since the operation of the temperature control system
depends on different previous states, we couldn’t perform the
simulation using the Testbench tool of EDA Playground.

Analog-to-digital conversion module verification

The input and output elements of these blocks are
characterized by receiving bit signals of different lengths.
In this case, it is possible to perform the different possible
combinations to verify the output in tools such as TestBench.

Verification of the graphical interface module

The input and output elements of these blocks are
characterized by receiving bit signals of different lengths.
In this case, it is possible to perform the different possible
combinations to verify the output in tools such as TestBench
(Figs. 36 to 38).

Conclusion

The creation of control systems using devices such as
PSoC board proves to be a very functional option since
such devices are easy to acquire in the market and low cost
compared to other types of controllers that come to have a
cost two or three times higher.

The hardware description language Verilog, the language
used throughout this article is a language of great application
in various fields of industrial control since its characteristics
allow the design of relatively simple sequential circuits
through programming code commonly used.

To carry out the construction of the control system, it
was essential to define stages and conditionals. The main
characteristic of the sequential circuits is mostly deepened in
the subject digital circuits of the engineering courses.

It is recommended to solve any design in VHDL using
a top-down approach, that is, starting with the global
description of the device and then dividing it into smaller
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Figure 31

Hardware assembly.

Figure 32

Pin layout in PSoC Creator.

devices (blocks) that are then interconnected to perform the
desired task. This is to be able to detect possible faults more
easily and make the development process faster by designing
reusable code.

Tools such as TestBench allow us to test code and its
performance digitally at no cost and with great reliability.
This allows us to get an approximate view of the performance
of our system without having to perform the hardware
verification directly, which speeds up the design process and
completion of the project.

Figure 33

Definition of TestBench entries.
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