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Abstract

RISC-V processors are an open source ISA (Instruction
Set Architecture), which means that anyone can design
and modify them to meet the specific objectives of any
development. Thanks to the flexibility it brings with it, it
is possible to add a debugging and programming logic unit
to this processor to get a real sense of how the processor
works, a unit that will be key to identifying errors during
the design of the processor, as well as errors that may
occur during the manufacturing process. This article
presents the methodology used to incorporate hardware
that allows the processor to be debugged, using the IEEE
1149.1 standard as a reference.

JTAG, IEEE 1149.1, RISC-V, Boundary Scan Chain,
Processor, Register, Debugging, FTDI, FPGA,
Hardware, RTL, Methodology, Driver, Development,
Verification, Flexibility, Technology and Innovation,
Incorporate, Modify

Resumen

Los procesadores RISC-V son una ISA (Instruction Set
Architecture) de cddigo abierto, lo que significa que
cualquiera puede disefiarlos, asi como modificarlo para
cumplir con los objetivos particulares de cualquier
desarrollo. Gracias a la flexibilidad que trae consigo es
posible sumar a este procesador una unidad ldgica de
depuracién y programacion que permita tener una nocién
real del funcionamiento del procesador, unidad que sera
clave para la identificacion de fallas durante el disefio del
procesador, asi como defectos que puedan surgir en el
proceso de fabricacion. En el presente articulo es
presentada la metodologia empleada para la insercién de
hardware que permita la depuracion del procesador
usando como referencia el estdndar IEEE 1149.1.

JTAG, IEEE 1149.1, RISC-V, Cadena de exploracion
de limites, Procesador, Registro, Depuracion, FTDI,
FPGA, Hardware, RTL, Metodologia, Driver,
Desarrollo, Verificacion, Flexibilidad, Tecnologia e
Innovacién, Incorporar, Modificar
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Introduction

Integrated circuits, present in countless devices
that are now part of everyday life, are an area of
development where there is much to be done.
Beyond the fact that they are already
everywhere, innovation and the creation of
different solutions make this a niche of constant
change.

A few years ago, technological
development was reserved for powers with
technology and knowledge so hermetic that it
could only be accessed by being part of the
industry. Today there are open source initiatives
that make these development possibilities more
accessible.

Thanks to the latter, technology design is
possible, with well-established development
processes that allow to go from requirements
gathering to having the hardware assembled in
an FPGA or as a finished ASIC.

Within the design and manufacturing
flow of any technology it is important to keep in
mind that identifying errors in early stages will
represent less waste of any kind of resources.
Hence the importance of having a debug and
programming unit that allows greater control
over the hardware at the simulation level during
the functional tests that are performed at the
design stage or physical tests that help to detect
any defect in later stages of manufacturing
where it is possible to identify in the silicon dice
any physical defect, this helps to generate a
certain level of certainty that the user will
receive a complete product.

Standards such as JTAG are used to test
the correct functioning of any circuit; thanks to
the insertion of boundary scan chains, a TAP
controller, as well as instruction registers,
bypass registers, etc., it is possible to monitor the
behaviour of a circuit with the help of different
instructions such as SAMPLE, PRELOAD,
EXTEST or BYPASS, etc., which makes it
possible to identify faults or divergences from
the initial functional objective of the design.
This without the strict need to have access to the
primary inputs and outputs of the circuit, which
contributes to the intervention methodology
being a more generic process.

ISSN-2531-2952
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Literature Review

Circuit design is an area with a lot of work to do,
thanks to the presence of circuits in practically
any electronic device, the contribution of new
methodologies or solutions is constant. Some of
the references related to this research and that
contribute to the knowledge for its development
are presented below. The reference (Shan Gao et
al 2021.) proposes a fast on-chip debug design
using the JTAG interface applied to a RISC-V
processor. The novelty of this paper is the
integration of a debug bus to reduce data input
by switching data from serial to parallel. This is
aimed at reducing the amount of input data. This
makes it a less exhaustive operation.

In the article (Shan Gao et al 2022.) a
debugging method adopting JTAG interface is
presented to perform debugging functions for a
RISC-V processor with 10T applications. This
method was verified at RTL level by simulations
and synthesised at gate level in 180nm libraries.
The most important contribution of this
methodology is that the most common
debugging operations were simplified into
instructions, which avoids a large data input
through the shift register chain.

In this paper, an RTL-level verification
methodology is proposed using the ARM debug
interface (Ke, H. et al 2012.) where the
ARMT7TDMI SoC is taken as an example. An
RTL simulation method using the ARM JTAG
interface is proposed. Through EDA software
(Synopsys VCS) the JTAG is tested to complete
the code testing stage. To achieve this
development, use is made of the ARM core, the
EmbeddedICE logic controller circuit and the
JTAG control circuit, which is composed of the
TAP controller and scan chains.

Finally, a RED (Reused Embedded
Debugger) design is presented where the JTAG
interface is used. This model also has an
additional hardware module (EICEM Embedded
ICE Module) for more critical real-time
debugging. The debugger proposed in the paper
(Jung, D. et al 2003.) works as a stand-alone
system through a PC interface, requiring no
extra equipment cost which decreases the cost
and time of testing the chip. The RED
architecture is composed of three blocks; the
boundary scan architecture, the boundary scan
registers and EICEM.

RICO-GARCIA, Paulina, YANEZ-VARGAS, Juan Isragl, PARRA-
MICHEL, Ramén and CONDE-ALMADA, Ernesto. Debugging and
programming a RISC-V processor, using the IEEE 1149.1 standard.
Journal Applied Computing. 2023
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Methodology It is essential to verify that their

For the development of this research, a recursive
methodology is proposed, working on three
development blocks as shown in Figure 1; the
starting block is the description of the hardware
that will be added to the design to integrate the
IEEE 1149.1 standard (IEEE Std 1149.1-2013)
to the processor, in this sense, the requirements
that the latter indicates as mandatory are
contemplated as a minimum, in addition, certain
elements developed specifically for the purpose
of this research will be integrated. For example,
dedicated registers, to monitor internal design
registers that are of interest for analysis or
debugging.

( "
! Hardware ! 1 Functional i | OnChip
' Description \ 1 Verification ' i Debugger
_— ‘ : HE
o . mn
oy 1 —_—————
- : Software :E
\ J

Figure 1 Methodology of research development
Source: Own work [Draw-LibreOffice]

Once the additional hardware is
described, the correct functioning of the
generated design will be verified. For this
purpose, a test bed is developed to stress the
design by sending different test vectors that, in
addition to stimulating the design as such
(without contemplating the JTAG hardware),
stimulate the JTAG ports that allow verifying
that this debugging mechanism complies with
the requirements of the standard; in this
development can be executed at least the
instructions that the standard defines as
mandatory that may or may not affect the
operation of the design according to the
instruction, as well as the instructions added for
very specific purposes that were developed
specifically to meet the objectives of this project.

All this to verify that at simulation level
the design behaves as planned and with certainty
to continue with the next stage of the proposed
methodology. It is worth mentioning that we
talk about recursion between the blocks of the
methodology because the development is not a
linear process (one stage is completely finished
and the next one continues), because as certain
modules and/or hardware components are
described.

ISSN-2531-2952
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operation is correct, since waiting to verify the
final module could lead to many more
connection problems or logical failures in the
design. This would result in a more complex
process to detect and solve them, which would
increase the development time, as well as the
consumption of other resources such as effort,
money, etc.

For the simulations, a wide coverage is
sought; where the design is stressed with typical
scenarios and others that are not so typical so
that this helps us to give certainty that under any
circumstance the design will work as required or,
failing that, to identify operating errors where
the design does not comply with what is
requested and thus make the relevant changes to
solve the failure.

For the development of the third block of
the methodology, once the design meets the
requirements at simulation level, it is loaded into
an FPGA card (as this is the most practical way
to physically test a design before taking it to a
silicon die or if this as such will not be
implemented on a chip); once the FPGA is
programmed with the design and this is stored in
the memory of the latter is intended to
communicate with it through the JTAG interface
of an FTDI module.

Establishing this communication
between devices allows data vectors to be
inserted through the ports of the JTAG added to
the design, so that it can be corroborated that the
design works in the same way as it did with the
simulation. This last phase, as well as serving as
a functional verification, will be the
communication methodology that will be used at
the FPGA level for debugging and programming
the processor, as sending and receiving data
through the FTDI interface will finally allow the
integration of the debugging and programming
module in a practical way.

The proposed communication (FTDI-
FPGA) was given by the characteristics of the
board used (Figure 2).

The specifications of the devices
mentioned are given below:

RICO-GARCIA, Paulina, YANEZ-VARGAS, Juan Isragl, PARRA-
MICHEL, Ramén and CONDE-ALMADA, Ernesto. Debugging and
programming a RISC-V processor, using the IEEE 1149.1 standard.
Journal Applied Computing. 2023
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FPGA — FPGA Lattice LFE5U-85

FTDI — FT2232H

Figure 2 Card used for development
Source: Own work

Hardware Description
"JTAG insertion”

To add the JTAG interface to the core, we
initially described and integrated the base
hardware of the standard that encapsulates the
processor as shown in Figure 3. Among the
added elements are the boundary scan chain
(cherry boxes), the state machine or TAP
Controller, which is the core of JTAG operation,
instruction decoder, instruction, bypass and
device identification registers, as well as some
multiplexers that allow the choice of the output
according to the given instruction.

Core Logic -

Device Inputs
Device Outputs

Device ID Register
Bypass Register

=

Instruction Decoder

L
——t i
TDI TMS TCK TSRT* TDO

Figure 3 Base elements of JTAG
Source: Own work [Draw-LibreOffice]

ISSN-2531-2952
ECORFAN ® All rights reserved.

December, 2023 VVol.7 No.21 1-9

Once we had this initial architecture and
based on the requirements, we continued with
the development of a second design stage, where
the objective was to add the necessary logic to
be able to scan the internal registers of the
processor.

Based on the registers of interest, it was
decided to take the elements of the different
modules separately and generate an instruction
for each one of them; with the aim of having as
a result a serial output that concatenates the
values of all the registers contained in each
module, which allows us to have outputs that are
not as long as if we did it with a single
instruction for all the registers (which
complicates the identification of any particular
register) and also allows us to execute specific
instructions that would avoid the use of the
added hardware in sections that are not of
interest at the moment. The architecture with
these new registers and interconnections made to
obtain the internal information of the processor
is shown in Figure 4.

Core Logic -

Device Inputs
Device Outputs

Design Specific Module deb_cu

Design Specific Module deb_b

Device ID Register

P Bypass Register
N ) |
%

\ &

Instruction Decoder
Instruction Register Emm—
]

TDI TMS TCK TSRT* TDO

Figure 4 JTAG architecture added
Source: Own work [Draw-LibreOffice]

The red box shows the added registers,
plus there are some interconnect changes that
allow the results of the JTAG state machine to
be taken to the processor to interact with the
internal registers.

RICO-GARCIA, Paulina, YANEZ-VARGAS, Juan Isragl, PARRA-
MICHEL, Ramén and CONDE-ALMADA, Ernesto. Debugging and
programming a RISC-V processor, using the IEEE 1149.1 standard.
Journal Applied Computing. 2023
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Functional Verification

In the functional verification phase, the aim is to
create a simulation that stresses the design with
stimuli that allow us to see how it behaves. In
this sense, we worked with a base simulation
where the processor is stimulated, with the
objective that it is working or that it has
information in the registers. Once the core has
zeros and ones being processed, the internal
registers are intervened to collect the
information that is stored in each one of them at
that moment.

This is for the aggregated instructions
(red box - Figure 4). Similarly, instructions were
tested where data is sent to the primary inputs
through the boundary scan chain and relayed to
the Logic Core for it to work with this
information, or generic instructions such as
bypass, for example.

On-Chip Debugger

For the communication between the Host
computer and the design hosted in the FPGA,
first the design is synthesised, routed and loaded
to the FPGA, for this the tools indicated in
Figure 5 were used.

Synthesis Place & Route Bitstream Program FPGA
(Yosys) (nextpnr) (ecppack) (ecpprog)

Figure 5 FPGA programming tools
Source: Own work [Draw-LibreOffice]

Once the design is loaded the objective is
to establish communication between the
computer and the latter, to stimulate it and
monitor the results, the flow foreseen to
establish this data exchange channel is as shown
in Figure 6.

Described Adapter
Hardware

TTAG ITAG
i Palirg
Logic debugger J— Signals
1

Host Computer
(Linux/winMac)

Debugger

Figure 6 Information flow between computer and design
Source: Own work [Draw-LibreOffice]

The middle block in this diagram
represents (Debug Adapter) the FTDI chip
which has an integrated JTAG interface through
which data will be sent to the interface integrated
in the design, the connection made between
these two devices is shown in Figure 7.

ISSN-2531-2952
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DI/TDO |e——— TDO

ET2232H DO/TDI | TD| FPGA
CD/TMS  |r——! TMS Lattice
SK/TCK [—— TCK

Figure 7 FTDI-FPGA interconnection
Source: Own work [Draw-LibreOffice]

The FTD2XX (D2XX FTDI) library and
drivers from FTDI were used to complete the
data transfer.

Tests and results

During the development of the hardware
description, several simulations were carried out
to corroborate that the functioning of the
integrated elements was correct. For example,
Figure 8 shows the scan execution of the
registers of interest of one of the modules that
are part of the processor.

Figure 8 BSCAN instruction simulation
Source: Own work [ModelSim]

RICO-GARCIA, Paulina, YANEZ-VARGAS, Juan Isragl, PARRA-
MICHEL, Ramén and CONDE-ALMADA, Ernesto. Debugging and
programming a RISC-V processor, using the IEEE 1149.1 standard.
Journal Applied Computing. 2023
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In the simulation we can see the registers
of interest for the deb_b module in the group
"CAP_REG deb b", the content of these is
concatenated and sent through "tdr_cap™ to the
TDO port of JTAG, in the image we can see how
these bits are being displaced each time one of
these is sent as output.

Figure 9 shows the same simulation time,
but with a much more open view where we can
see the output of TDO; which coincides with the
bits that were captured and are being shifted to
this port.

Figure 9 Simulation BSCAN instruction output data via
TDO port
Source: Own work [ModelSim]

L FUqurT Uy

(JTAG TOP)
B Ly B N Sy B B N g N N N N NN N NN N N NNy NN SNy E RS
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Other instructions such as INTEST or
SAMPLE have so far not been tested on this
processor as such, however, in previous stages
of development this JTAG architecture was
integrated into a RAM memory where these
instructions were already tested.

NOTE: These instructions have not been
tested on the processor because some
modifications to the core RTL are still pending.

To test these instructions with the RAM
memory, the following data vector was sent:

ram_datalnput_i[31]
ram_datalnput_i[30]
ram_datalnput_i[29]
ram_datalnput_i[28]
ram_datalnput_i[27]
ram_datalnput_i[26]
ram_datalnput_i[25]
ram_datalnput_i[24]
ram_datalnput_i[23]
ram_datalnput_i[22]
ram_datalnput_i[21]
ram_datalnput_i[20]
ram_datalnput_i[19]
ram_datalnput_i[18]
ram_datalnput_i[17]
ram_datalnput_i[16]
ram_datalnput_i[15]
ram_datalnput_i[14]
ram_datalnput_i[13]
ram_datalnput_i[12]
ram_datalnput_i[11]
ram_datalnput_i[10]
ram_datalnput_i[9]
ram_datalnput_i[8]
ram_datalnput_i[7]
ram_datalnput_i[6]
ram_datalnput_i[5]
ram_datalnput_i[4]
ram_datalnput_i[3]
ram_datalnput_i[2]
ram_datalnput_i[1]
ram_datalnput_i[0]
ram_writeAddress_i[2]
ram_writeAddress_i[1]
ram_writeAddress_i[0]
ram_readAddress_i[2]
ram_readAddress_i[1]
ram_readAddress_i[0]
ram_writeEnable_i
ram_writeClock i
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RICO-GARCIA, Paulina, YANEZ-VARGAS, Juan Isragl, PARRA-
MICHEL, Ramén and CONDE-ALMADA, Ernesto. Debugging and
programming a RISC-V processor, using the IEEE 1149.1 standard.
Journal Applied Computing. 2023



Article

7
Journal Applied Computing

This vector is reflected in the design
inputs (RAM for evidence of these results) at
1840ps time in the simulation shown in Figure
10.
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Figure 10 SAMPLE/PRELOAD simulation - INTEST
Source: Own work [ModelSim]

These simulations prove that the JTAG
interface is working properly; it remains to test
all the instructions with the processor, which, as
mentioned, is awaiting some adjustments.

Talking about the physical part, tests
were made by loading the design and sending
data through the JTAG interface integrated in the
FTDI chip. Where the main objective is to verify
that the data is being sent to the FPGA and the
design loaded on the board actually operates
with these and gives us as output the expected
result.
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For these tests we again make use of the
memory with the integrated JTAG, as an initial
test only the BYPASS instruction was sent, since
the objective up to this point is to verify that the
communication between components is carried
out.

In the simulation of Figure 11, the
information vectors sent to each input pin are
shown in a simple way, as well as the expected
output in the TDO port of the standard.

Figure 11 BYPASS simulation
Source: Own work [ModelSim]

To send the information, a C script was
generated which, when compiled and sent to the
FTDI chip, sends the data through its own ports
(TDI, TMS, TCK) to the FPGA pins assigned to
the similar ones described in the design.

RICO-GARCIA, Paulina, YANEZ-VARGAS, Juan Isragl, PARRA-
MICHEL, Ramén and CONDE-ALMADA, Ernesto. Debugging and
programming a RISC-V processor, using the IEEE 1149.1 standard.
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With the help of an oscilloscope we
could observe that the data are being sent
correctly and also the output data expected by
the TDO port are correct, in Figure 12 you can
see the output that TDO (blue signal) has around
300ps which is the expected output of the
BYPASS instruction, in addition to the data that
are sent to the TDI port, which also match with
what was presented in the simulation.

Figure 12 Physical results of BYPASS training
Source: Own work

Conclusions

The JTAG interface complies well with the
IEEE 1149. 1 standard, as the instructions used
to debug the design work as it indicates, and the
added instructions fulfil the specific purpose of
this project, which is the monitoring of the
processor's internal registers.

With work to be done, but with a well
established base and even put under test (with
the RAM memory) that has given good results
so far, it remains as future work to work in detail
with each instruction using the processor as a
Logic Unit within the JTAG encapsulation, to
ensure that as already happened with the test
design everything works correctly both in
simulation and physical once the processor is
loaded into the FPGA.
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The present development where the
JTAG interface is integrated to a processor gives
us the awareness that this standard is a very
flexible tool that is of great help for the
performance testing of any design, because
being able to stimulate it completely without
having to do it necessarily through the primary
inputs allows this activity to be less complex and
less extra resources are needed to meet the
objective.

In addition, hardware designers can
seamlessly integrate new instructions that
provide specific functions for a particular design
without affecting the basis of the standard,
which allows the integration of these devices
with any other device that has the standard and
can work together seamlessly using JTAG as the
communication interface between them.

References

Gao, S., Xiao, W., Yang, Z., Wu, D., & Gao, W.
(2021). A fast on-chip debugging design for
RISC-V  processor. Journal of Physics:
Conference  Series, Vol 1976. DOI:
https://doi.org/10.1088/1742-
6596/1976/1/012056

Gao, S., Wu, D., Xiao, W., Wang, Z., Yang, Z.,
& Gao, W. (2022). A novel method for on-chip
debugging based on RISC-V processor. MATEC
Web of Conferences, 355. DOl:
https://doi.org/10.1051/matecconf/2022355030

55

Ke, H., Zhongliang, D., & Siyuan, L. (2012).
RTL Verification of ARM SoC by JTAG.
International Journal of Digital Content
Technology and Its Applications, 6, 77-84. URL.:
https://www.researchgate.net/publication/26978
6095 RTL_verification_of ARM_SoC_by JT
AG

Jung, D. S., Kwak, S., & Lee, M. H. (2003).
Reusable embedded debugger for 32 bit RISC
processor using the JTAG boundary scan
architecture. IEEE Asia-Pacific Conference on
ASIC. DOl:
https://doi.org/10.1109/apasic.2002.1031569

RICO-GARCIA, Paulina, YANEZ-VARGAS, Juan Isragl, PARRA-
MICHEL, Ramén and CONDE-ALMADA, Ernesto. Debugging and
programming a RISC-V processor, using the IEEE 1149.1 standard.
Journal Applied Computing. 2023



Article

9
Journal Applied Computing

"IEEE Standard for Test Access Port and
Boundary-Scan Architecture,” in IEEE Std
1149.1-2013 (Revision of IEEE Std 1149.1-
2001), vol., no., pp.1-444, 13 May 2013, DOI:
10.1109/IEEESTD.2013.6515989.

D2XX Programmer's. Guide Future Technology
Devices International Limited (FTDI) URL:
https://ftdichip.com/wp-
content/uploads/2023/09/D2XX_Programmers_
Guide.pdf

ISSN-2531-2952
ECORFAN ® All rights reserved.

December, 2023 VVol.7 No.21 1-9

RICO-GARCIA, Paulina, YANEZ-VARGAS, Juan Isragl, PARRA-
MICHEL, Ramén and CONDE-ALMADA, Ernesto. Debugging and
programming a RISC-V processor, using the IEEE 1149.1 standard.
Journal Applied Computing. 2023



10

Article Journal Applied Computing
December, 2023 VVol.7 No.21 10-16

loT-based monitoring system of climatological variables in the cultivation of
Capsicum chinense Var. Mayapan

Sistema de monitorizacion de variables climatoldgicas en el cultivo de Capsicum
chinense Var. Mayapan

CHAN-PECH, Victor Alfonsot*, MANRIQUE-EK, Josué Abraham, COB-CALAN, Nubia Noemi and
CARDOZO-AGUILAR, Guadalupe

Instituto Tecnoldgico Superior de Calkini En El Estado De Campeche, Avenida AH-Canul, Sin Nimero, San Felipe, 24900
Calkini, Campeche

ID 1%t Author: Victor Alfonso, Chan-Pech / ORC ID: 0009-0009-9274-4704, Researcher ID Thomson: JNT-1825- 2023

ID 1% Co-author: Josué Abraham, Manrique-Ek / ORC ID: 0000-0002-1369-35269727, Researcher ID Thomson: 1-5873-
2018, arXiv Author ID: EFYDCI-9MW4UV

ID 2" Co-author: Nubia Noemi, Cob-Calan / ORC ID: 0000-0002-9340-8325, Researcher ID Thomson: JNT-2124- 2023

ID 3" Co-author: Guadalupe, Cardozo-Aguilar / ORC ID: 0000-0001-80332280, Researcher 1D Thomson: 1-5874- 2018,

arXiv Author ID: TLTSYW-VLXBVS

DOI: 10.35429/JCA.2023.21.7.10.16

Received September 15, 2023; Accepted December 30, 2023

Abstract

Currently, monitoring in agricultural crops represents
relevance, because there are various applications of the use
of software and hardware based on the construction and
adaptation of sensors for automation, based on processes
of isolation and control of climatological variables that
seek to minimize risks. This project contributes to the
improvement of agricultural productivity by offering
functionality and flexibility in the scenario of precision
agriculture in the cultivation of C. chinense var. Mayapan
through the implementation of loT. To carry out this
project, an electronic system was designed that consists of
coupling sensors to measure relative humidity,
temperature and precipitation, to an ESP32 module and
subsequently programming it in the Arduino IDE and
sending it through the internet to a graphical interface in
the Ubidots platform with the purpose of showing
information to the user in real time. For the system to
achieve interaction with the sensors, a Wi-Fi wireless
connection was used through the MQTT protocol.

ESP32, 10T, Ubidots

Resumen

Actualmente el monitoreo en cultivos agricolas representa
relevancia, debido a que existen diversas aplicaciones del
uso de software y hardware basados en la construccion y
adaptacion de sensores para su automatizacién, basado en
procesos de aislamiento y control de variables
climatologicas que buscan minimizar riesgos. Este
proyecto contribuye al mejoramiento de la productividad
agricola ofreciendo funcionalidad y flexibilidad en el
escenario de la agricultura de precision en el cultivo de C.
chinense Var. Mayapan mediante la implementacién del
IoT. Para llevar a cabo este proyecto se disefié un sistema
electrénico que consiste en el acoplamiento de sensores
para medir la humedad relativa, temperatura y
precipitaciones, a un moédulo ESP32 y posteriormente
programarlo en el IDE Arduino y enviarlo mediante el
internet hacia un interfaz gréfico en la plataforma Ubidots
con la finalidad de mostrar la informacion al usuario en
tiempo real. Para que el sistema logre la interaccion con
los sensores, se us6 conexion inaldmbrica Wi-Fi por medio
del protocolo MQTT.

ESP32, 10T, Ubidots
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Introduction

The development of agriculture is one of the
main economic activities of the State of
Campeche, it is carried out since ages, however,
during its work, different parameters have been
underestimated that currently serve for the
improvement of techniques and systems applied
in the agricultural sector to optimise processes
and improve production.

This paper seeks to propose an
alternative solution to achieve better production
with higher crop yields, by optimising resources,
reducing costs and increasing profitability, in
order to implement a suitable monitoring system
with 10T knowledge ensuring precision
agriculture.

The importance of having a monitoring
system in the cultivation of C. chinense Var.
Mayapéan is a tool that will allow controlling,
monitoring and acquiring data in real time
guaranteeing decision making.

The Internet is a great information tool,
currently having one of its phases corresponding
to the Internet of Things (Internet of Things,
10T). loT plays a great role, its application in the
agricultural sector is of importance where ICT
tools can be developed and used to ensure
precision agriculture for better crop management
and monitoring of variables in order to improve
production yields, feasibility and environmental
quality.

Theoretical framework

Traditional agriculture is deficient in yield and
quality, because it is partially dependent on
various external factors directly related to
weather conditions. Currently, there is a large
amount of information, precision and
immediacy of data that allow decisions to be
made at a certain time of cultivation to achieve
productivity and profitability with the
implementation of technology (Nufiez-Agurto et
al., 2020). Technified agriculture has the
advantage over traditional agriculture, which
seeks to maximise productivity, product quality
and is based on the control of variables such as:
soil, water, humidity, light, wind, temperature,
among others (Aldape et al., 2022).
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Internet of Things (10T)

The 10T is an infrastructure with the ability to
link connections between physical objects,
processes, internet and people, offering data
capture and storage, facilitating the sharing of
information in specific databases in order to
have control and access to this information from
any point or location where a person with
internet access is located (Cortes et al., 2020).
loT is driven by the combination of processes
and methods that employ different sensors, a
network and an encoding device, which are
intended to provide an end user with a reliable,
readable and visual representation of data
(Montoya et al., 2017).

Precision agriculture

Precision agriculture provides favourable
solutions that facilitate decision making in the
improvement of agricultural  crops, its
implementation allows to achieve: efficiency,
rational use of costs and financial resources,
higher productivity and yield (Rambauth Ibarra,
2022). Decision-making based on the use of ICT
is achieved through monitoring systems with the
use of digital platforms where loT presents
feasible, modern and safe processes (Chanchi-
Golondrino et al., 2022).

Technological progress or modernisation
nowadays allows obtaining data of interest using
technified instruments that during this time has
allowed applications in various areas from the
development of pest monitoring systems,
disease diagnosis, management systems, to the
control and monitoring of climatological
variables (Bastos Stephens et al., 2022).

MQ Telemetry Transport Network Protocol
(MQTT)

It stands for Message Queue Telemetry
Transport. MQTT was created by Dr. Andy
Stanford-Clark of IBM and Arlen Nipper of
Arcom in 1999. It functions as a
publish/subscribe messaging transport where its
characteristics are: bandwidth efficient, data
independent, and continuous  session
acknowledgement because it uses a TCP/IP
stack as the basis for communication; it is an
open source protocol whose development is
based on optimising constrained processes and
low bandwidth, high latency or unreliable
networks (Burbano-Robles, 2022).
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ESP32 microcontroller

The ESP32 microcontroller was fundamental for
its application in this project, which allows
sending and receiving information from the
Internet, reading analogue sensors and actuators
used in the C. chinense Var. Mayapan.

Figure 1 ESP32 module used in the project
Source: (MOUSER ELECTRONICS, 2023)

The ESP32 is a System-on-Chip
designed by Espressif Company and
manufactured by TSMC. It integrates on a single
chip a dual-core 32-bit Tensilica Xtensa
processor at 160 Mhz (with the possibility of up
to 240 Mhz), WiFi and Bluetooth connectivity.
In addition, it adds many functions and
improvements, such as more power, Bluetooth
4.0, hardware encryption, temperature sensor,
hall sensor, touch sensor, real time clock (RTC),
more ports, more buses.

Sensors used
DHT?22 sensor

The DHT22 sensor measures temperature and
relative humidity. Among its components it is
based on a thermistor for temperature
measurement and has an internal capacitive
sensor for humidity, thus being efficient in
reading simultaneously.

Model DTH22

Operating Voltage 3.3V-6V

Operating current 25 mA

Output signal Digital-por Bus de datos

Sampling rate 0.5 Hz

RH measuring range 0%RH-100%RH
Operating temperature -40°C-125°C
Humidity measurement accuracy | 2%-5%
Temperature measurement range | -40°C-80°C
Accuracy +0.5°C-x1°C

Table 1 Technical specifications of DTH22
Source: (MechatronicStore, 2023)
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Sensor PCF-FST-200-201

The wind sensor is easy to mount on different
measuring instruments, where it can indicate
values from small wind movements. The
protection of this sensor ranges from a metal
alloy to avoid oxidation and the most sensitive
part is sealed against water and small particles.

Figure 2 Wind sensor
Source: (PCE INSTRUMENTS, 2023)

ARD-355 Steren sensor

This sensor has the ability to send its output
signal digitally or analogically, depending on the
connection pin used and is adjustable for
sensitivity. It is compact in size for optimum and
convenient use.

Figure 3 Precipitation (rain) sensor
Source: (Steren, 2023)

Targets
General:

To evaluate the measurement of climatological
variables on a permanent basis using 10T
technology in the cultivation of C. chinense Var.
Mayapén.
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Specific:

- Obtain the programming of
microcontrollers for reading
climatological variables in the Arduino
IDE.

- Link the servers with the hardware for
the monitoring system.

- Read the sensors connected to the ESP32
module through the Ubidots platform.

Methodology to be developed

Implementation of the monitoring and
control system

The sensors are an essential part of the
monitoring system, so the most accurate sensors
were chosen for reading the variables connected
to the ESP32 microcontroller.

- Temperature and relative humidity:
DHT22

- Precipitation: Model ARD-355

- Wind: PCF-FTS-200-201

Diagram of the connections of the ESP32
microcontroller and the sensors.

The following diagram of the general
architecture of the IoT monitoring system was
developed to schematise the different sensors
that will be linked to the ESP32 microcontroller
for subsequent constant monitoring through
devices connected to the Internet.

Chile habwinery
(Capsicunt Chinense 1X9057)

c ‘} Médulo ESP32

ity

Temprratora y bumedad refativa

Dispmitivon de accemn

Figure 4 IoT architecture in cultivation of C. chinense
Var. Mayapan
Source: Own Elaboration
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Schematic diagram

The diagram of the connection of the different
sensors with the ESP32 microcontroller was
made, because the board has different pins with
multiple functions assigned by default to define
the properties in the software.

ESP32 DEVKIT V1 - DOIT

Figure 5 Schematic diagram of sensors with connection to
the ESP32 microcontroller
Source: Own Elaboration

Construction of the prototype

The assembly was carried out by connecting the
sensors to ground and the signal was connected
directly to the analogue inputs of the ESP32
microcontroller to read each one.

ESP32 board configuration

To carry out the configuration within the
Arduino IDE, we accessed the File > Preferences
option. It was necessary to locate the section
URL's Manager > Additional Card and there the
following link was pasted:
https://dl.espressif.com/dl/package_esp32.index
.json proceeded to save and give Ok.

Next, go to the Tools tab and click on
Board > Card Manager. Next, type ESP32 and
choose the option called Espressif Systems,
proceed to install and close the window.

Go back to Tools > Board and select
ESP32 Arduino and select ESP32 Dev Module
and click on it.

Finally, the Arduino IDE is now
configured to start working with the ESP32.

Creating an Ubidots account

First, we entered the official Ubidots platform
and went to the Sing up option.
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Once we got to this point, we had to
choose the version of the account we were going
to work with by selecting For Educational or
Personal use and correctly selecting "Take me to
Ubidots stem™.

Then the window for registration
appeared, where it was necessary to add a user
name, email address and a password, selecting at
the end the section "My loT project is for
personal, non-commercial use".

After logging in with the creation of the
personal account it is necessary to go to Devices
> Devices. Here you select to add a blank device.
It was named under the name "esp.32-cul. -de-
chile".

After having added the device it was
necessary to start adding the different variables
to be monitored: temperature, relative humidity,
wind and precipitation by selecting the option
Raw and added one after the other.

i3 ubidots

Figure 6 Ubidots platform
Source: Ubidots

Once the variables had been added, the
user went to the Data > Demonstration panel
section and then selected add widget.

The widget for each variable to be
measured was added and configured as required
for the best visualisation of each one, where
finally the completed Dashboard (user interface)
is shown for the control and monitoring of the
variables.

isiubidols

® o

Figure 7 Dashboard
Source: Ubidots
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Link IDE Arduino and Ubidots

The program made in Arduino IDE is divided
into four files: the main program, configuration
program, variables definition and the last one the
configuration pins to be used in the ESP32
microcontroller.

Defwnicion de

variahles Pines de

Programa de Tcontguracicn

contiguracién

Programa
principal

Figure 8 Interfacing the ESP32 board file commands to
the Arduino
Source: Arduino

First, in the pins file (pinout.h) the
configuration was made where the GPIO pins
corresponding to the sensors and actuators were
added.

Next, the variables definition file
(credentials.h) was used to configure the
variables and the names of the variables
previously defined in Ubidots were added, as
well as the Ubidots URL, the Ubidots token, the
Ubidots Client ID, the name of the WI-Fi
network and the password of the modem to be
used.

The following file "clientmqtt" contains
the code that allows the MQTT client to function
correctly.

Figure 9 Ubidots interface configured with token and IDE
Client
Source: Ubidots
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We go to the Ubidots platform in the
Devices section we access the ESP32
microcontroller and enter variables in order to
copy and paste the name of the variables in the
variables configuration file found in the Arduino
IDE where the program was compiled and
downloaded to the ESP32 card, at that time the
card already has the program that when turned
on is capturing the information from the sensors.
The information is sent by WiFi to the modem,
which looks for the Ubidots page that was
previously configured the token and the IDE
Client of the platform.

Immediately we proceeded to open the
Ubidots platform with our username and
password registration, we access the Data
section followed by Dashboard where you can
finally have access graphically and allows easy
way to monitor the variables in a friendly way.

Results

In order to carry out the corresponding
operational tests, the sensors were connected to
the ESP32 module for the visualisation of the
operation, as well as the communication link
between the client and the server.

Figure 10 Client communication with the MQTT server
Source: Ubidots

It was possible to determine the results
thanks to the communication of the ESP32
module with the client for the observation of the
readings of the values indicated by the different
sensors used in the monitoring system working
correctly and in the best way suitable for the
visualisation in the graphic interface with the
widgets of each climatological variable for its
monitoring in the Ubidots platform in real time.
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Figure 11 Logging of sensor readings from the monitoring
system on the Ubidots platform
Source: Own Elaboration

Finally, the server allows and facilitates
the registration of the readings during the period
of time estimated by the user within the platform
in a precise manner, establishing the day, time
and value of the variables being measured.
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Conclusions

The development of the prototype worked
correctly by achieving the communication of the
ESP32 module with the Ubidots platform using
a client with MQTT protocol to create a graphic
interface for the real-time visualisation of the
reading of the different sensors for the
monitoring system of climatological variables in
the cultivation of C. chinense Var. Mayapan.
The system presented great relevance after
achieving the ability to carry out remote
monitoring from anywhere with a device with
Internet access.
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It is concluded that the transition of the
Internet, reaching the 4.0 phase corresponding to
loT, seeks to consolidate as a tool in different
areas such as informatics, agricultural
innovation, biochemistry and mechatronics. The
growing interest and need to understand how the
effects of climate change impact agricultural
crops in the physiological development of plants
and morphological characteristics that occur
leads us to make the implementation of advances
in technology with various solution platforms
applied to engineering for the creation of visual
interfaces to establish communication with
devices with Internet access.
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Abstract

Traffic accidents involving pedestrians have increased in
recent years, causing a large number of deaths worldwide,
some of the main causes being: distracted drivers or
pedestrians, car blind spots, adverse environmental
conditions among others. With the advent of autonomous
driving systems at different levels, the development of
pedestrian detection systems has become a priority task. In
this work, an economical and easy-to-install pedestrian
detection system for automobiles is proposed, which uses
the Raspberry Pi 4 card, webcam and an LCD screen as
hardware. In the software part, a computer vision system
with artificial intelligence is implemented using the
TensorFlow Lite library for the classification of people in
real time, Python and Open CV as programming language
and computer vision library. The aim is for the system to
visually alert the driver about the presence of pedestrians
on both sides of the road or that get in the way of driving
in order to avoid possible accidents.

Pedestrian detection, TensorFlow, Raspberry Pi

Resumen

Los accidentes de transito que involucran peatones, se han
incrementado en los Gltimos afios, causando un gran
namero de muertes a nivel mundial, siendo algunas de las
principales causas: conductores o peatones distraidos,
puntos ciegos en el automdvil, condiciones ambientales
adversas, entre otras. Con el advenimiento de los sistemas
de conduccion auténoma en sus diferentes niveles, el
desarrollo de sistemas para la deteccion de peatones se ha
vuelto una tarea prioritaria. En este trabajo se propone un
sistema de deteccién de peatones para automovil
econdmico y de facil instalacién, el cual utiliza como
hardware la tarjeta Raspberry Pi 4, cdAmara web y una
pantalla LCD. En la parte del software se implementa un
sistema de vision por computadora con inteligencia
artificial utilizando la libreria TensorFlow Lite para la
clasificacion de personas en tiempo real, Python y Open
CV como lenguaje de programacion y libreria de Vision
por computadora. Se busca que el sistema alerte al
conductor de forma visual sobre la presencia de peatones
a ambos lados del camino o que se interpongan en la
trayectoria de conduccion con el objetivo de evitar
posibles accidentes.
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Introduction

According to the World Health Organization
(World Health Organization, 2022), globally 1.3
million pedestrians die each year as a result of
road traffic crashes and between 20 and 50
million more suffer non-fatal injuries, which in
a significant percentage of cases result in
permanent disability. There are several factors
that contribute to these accidents, including
driving errors, vehicle malfunctions,
environmental factors such as poor signage, lack
of pavements or poor lighting conditions. In
addition, the pedestrian is also a major
contributor (Hasan and Hasan, 2022), due to the
increase of distractors such as the use of portable
0T devices on the road such as smartphones,
headphones, among others.

Although the statistics are alarming, with
the advent of driver assistance technologies such
as Autonomous Emergency Breaking (AEB) and
pedestrian detection systems, a 25%-27%
reduction in pedestrian hit-and-run risk is
achieved (Cicchino, 2017).

Different  technologies have been
implemented in automobiles for pedestrian
detection including:  ultrasonic  sensors,
piezoelectric sensors, microwave radar, Laser
Imaging Detection and Ranging (LIDAR),
Infrared IR sensors and Computer Vision (Chan
and Bu, 2006).

Of these technologies, computer vision
has taken a leading role in pedestrian detection,
due to the emergence of new and increasingly
efficient artificial intelligence algorithms,
embedded systems with sufficient computing
power to process such algorithms in real time,
and the economy of conventional digital camera
sensing. In addition, computer vision systems
emulate the functioning of the human eye-brain
vision system, which has proven to be extremely
efficient.

Computer vision methods for pedestrian
detection have undergone two stages of
evolution (Han et al., 2021), the first of which
covers the period 2001 to 2013, corresponding
to detection using classical pattern recognition
algorithms.
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In this stage, the procedure consisted of
processing the images obtained by the digital
camera one Dby one, first implementing
algorithms to improve the quality of the image,
then applying algorithms for feature extraction
such as Haar or Histogram of Oriented Gradients
and then using pattern recognition algorithms
such as Support Vector Machine or Decision
Tree for the prediction of the object, in this case
the pedestrian. The disadvantage of such an
approach is the requirement of considerable
computational power and poor classification
performance.

The second stage consists of the period
from 2014 to the present, which is highlighted
by the implementation of Convolutional Neural
Networks (CNN) in computer vision and
pedestrian detection systems. This brought a
considerable improvement, because CNNs are
computationally efficient, automatically
optimise model parameters, automatically
extract features and above all, are highly
accurate in classifying objects in images.

Nowadays, due to the increased
processing power of single-board computers and
the efficiency of CNN-based computer vision
systems, it is possible to implement pedestrian
detection systems for driving assistance, which
are not only distinctive of high-end cars, but can
be installed in any car at a competitive cost and
with high performance.

The proposed system is in line with this
approach, employing as sensor an inexpensive
webcam with a resolution of 1.3 Mega pixels and
data transmission via USB 3.0. For video
processing the Raspberry Pi 4 embedded system
is used, a single board computer the size of a
bank card which has the following features: a
quad-core processor at 1.8 GHz and 64 bits, 4GB
LPDDR4 ram memory, two USB 3.0 ports, two
USB 2.0, HDMI, WiFi, Bluethooth, 40 GPIO
input and output pins, among others.

On the software side, a model pre-trained
by Google for object detection based on CNN
and implemented using the TensorFlow library
is used, as well as the Python 3 programming
language, the OpenCV computer vision library
and the Raspberry OS operating system, giving
preponderance to the use of free software.
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Hardware development

The following is a list of the equipment used for
the realisation of this project:

- Logitech C920 webcam.

- Raspberry Pi 4 with 4GB of RAM.
- 10.1 inch LCD monitor.

- 120 W power invertir.

- Wireless keyboard and mouse.

A Logitech C920 3 megapixel Full HD
1080p 30 fps webcam was used, which is
responsible for capturing the video signal in the
pedestrian detection system. The camera was
selected for its sensor quality, its ability to adjust
luminance for different light conditions, auto
focus and 78° viewing angle.

The camera was installed on the sunroof of
the car pointing forward in order to capture the
video feed from the road, similar to what the
driver would see. Figure 1 shows the camera and
its installation position in the car.

Figure 1 Logitech C920 webcam and its installation on
the sunroof of the car to capture the video signal, a) front
view and b) side view
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A Raspberry Pi 4 single board computer
was installed inside the car cabin, which is
powered by a 120 W inverter connected to the
battery. In turn, the computer was remotely
controlled by a wireless keyboard and mouse.
Figure 2 shows the Raspberry Pi board, the
inverter and its installation inside the car.

0
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Figure 2 Raspberry Pi 4 board mounted inside the cabin
of the car and powered by an inverter connected to the
battery

The Raspberry Pi 4 board was in charge
of running the pedestrian detection system
implemented through Artificial Intelligence,
remembering that this is a complete computer
controlled by the Raspberry Pi OS operating
system, which manages the execution of the
detection model.

Next, a 10.1-inch colour LCD monitor
connected to the Raspberry Pi was used to
provide real-time feedback on the detection of
pedestrians on the road and the possible alerts
derived from it. It was placed inside the cockpit,
on the dashboard and facing the driver (Figure
3).

SERRANO-RAMIREZ, Tomas, SAMANO-FLORES, Yosafat
Jetsemani, GUTIERREZ-LEON, Diana  Guadalupe and
BARRIENTOS-GARCIA, Alejandro. Pedestrian detection system for
automobiles using computer vision and artificial intelligence using
Raspberry Pi 4 and webcam. Journal Applied Computing. 2023



Article

20
Journal Applied Computing

Figure 3 In-dash colour LCD screen, which displays real-
time pedestrian detection on the road and corresponding
alerts

Software development

For the development of the pedestrian detection
system, the implementation of its components
was contemplated using free software, with the
advantages that this entails, so the use of open
source libraries and programmes is a priority.
Below is a list of the programs used for the
implementation of this project:

- Raspberry Pi OS
- Python 3
- Open CV
- TensorFlow Lite

The first step consisted of installing the
Raspberry Pi OS operating system on the
Raspberry Pi 4 board. As this is a small board
computer, the OS is necessary for the
management of all processes and programs. The
second step involved the installation of the
Python 3 interpreter, in which the pedestrian
detection system will be programmed. Python is
a modern high-level programming language,
used for the creation of free software, which
does not require compilation, thus reducing
testing and debugging time.

The third step consisted of installing Open
CV, a computer vision library whose function is
to capture and process the video signal,
providing a set of basic functions for
mathematical image processing, colour space
shifting and pixel manipulation.
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The fourth step involved the installation of
TensorFlow Lite, an open source library
developed by Google to implement deep
learning models on resource-constrained edge
devices. TensorFlow Lite models have a faster
inference time and require less processing
power, so they can be used for faster
performance in real-time applications.

Once the necessary software components
have been installed, the pedestrian detection
system is developed, using as a basis the model
trained by Google and developed using the
TensorFlow Lite library for object recognition;
this model is based on deep neural networks.

As soon as the model receives the video
stream, the system classifies the objects for
which it was trained and provides the position in
the image. Among the objects it can classify (73
different types of objects) are people, cars, vans,
motorbikes, chairs, tables, among others. Figure
4 shows a field test of the basic system mounted
on the car.
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Figure 4 Field test of the basic car-mounted detection
system, showing the detection of people and cars

Once the basic detection system has been
implemented, it is configured for pedestrian
detection and alert signalling. If the system
detects people in front of the vehicle, standing in
the way, the system displays a red "stop person
in front" message. In case the pedestrian(s) is/are
approaching from the right or left, but not
obstructing the road, a corresponding yellow
message "“caution person on the right" or
"caution person on the left" is displayed. In case
of pedestrians approaching from both sides, but
without obstructing the road, the yellow message
"be careful pedestrians on both sides” is
displayed”.
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Figure 5 Test of the pedestrian detection system in the
laboratory

Results

Once the pedestrian detection system was fully
developed and tested in the laboratory, the
hardware was mounted on a 2017 Ford Fiesta
Sedan, which was then driven outside,
encountering pedestrians and vehicles in
different situations. The number of objects to be
detected simultaneously, the lighting conditions
and the speed at which the stimuli occur can be
a challenge to overcome. Some images of the
field tests are shown in Figure 6.
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Figure 6 Test of the pedestrian detection system mounted
in a car and in a real driving situation

Conclusions

The proposed pedestrian detection system shows
promising results, working correctly for each of
the vehicle-pedestrian situations that were
considered. However, there are issues to
improve, such as the number of frames per
second that the Raspberry Pi 4 is able to process
with the detection system, achieving a maximum
of 4, which limits it to low-speed driving
situations. On the other hand, false positives and
false negatives are present, leading to cases
where a pedestrian is mistaken for other objects
or simply not detected at all. Although the
number of error cases is lower, the occurrence of
errors can lead to a serious accident, so
improving classification performance is still an
area of opportunity.
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Abstract

The irrigation system in greenhouses is a fundamental
aspect in crop production since it is responsible for
suplaying water to the plants. The San Sebastidn
greenhouse is irrigated by drip irrigation, the main
characteristic of which is to provide the necessary amount
of water and nutrients for the crops. The technological
development has impacted irrigation systems in protected
agriculture, allowing greenhouses to implement irrigation
systems to automatically start and finish the irrigation
process. This article describes the project based on a web-
based system and a desktop application backed from real-
time interface module through automated humidity and
temperature sensors, with the objective of improving
irrigation productivity and product quality. With the
development of the Project, the irrigation automation
process, the modules of the web system and the results
produced by the system are exhibit. For this project, the
Prototypes model was used using the PHP programming
language.

Web system, Greenhouse, Automatic irrigation

Resumen

El sistema de riego en los invernaderos es un aspecto
fundamental en la produccién de cultivos ya que se
encarga de llevar el agua a las plantas. El riego con el que
cuenta el invernadero San Sebastidn es por goteo cuya
caracteristica principal es aportar la cantidad de agua
necesaria y nutrientes para los cultivos. El desarrollo
tecnoldgico ha impactado en los sistemas de riego en la
agricultura protegida, permitiendo que en los invernaderos
se puedan implementar sistemas de riego de forma
automatica para el inicio y fin del proceso de riego. El
presente articulo describe el proyecto basado de un
sistema web y una aplicacion de escritorio que se apoya
del médulo de Adquisicion de datos utilizando valores en
tiempo real de los sensores de humedad y temperatura para
el riego de forma automatica, esto, con el objetivo del
aumento en la productividad y calidad de los productos.
Con el desarrollo del proyecto se muestra el proceso de
automatizacion de riego, los médulos del sistema web y
los resultados del sistema. Para este proyecto se utiliz6 el
modelo en Prototipos utilizando el lenguaje de
programacion PHP.

Sistema web, Invernadero, Riego automatico
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Introduction

Irrigation  automation  systems play a
fundamental role in greenhouses for irrigating
crops, one of the key factors in crop production
IS water, a basic resource for irrigation, which
through the irrigation system provides the
supply of water and the necessary nutrients, as
well as the amount of water for the plants. The
incorporation of automatic irrigation systems
has also transformed the form and manner of
irrigation in greenhouses, the way of production
in agriculture has changed, currently agriculture
automates its manual processes which makes
production efficient and improves quality of the
greenhouse product, an important element of the
production system in protected agriculture,
because the productive capacity largely depends
on it (Fernandez, 2012).

Protected agriculture is the production
system carried out under various structures and
covers, among which greenhouses stand out,
whose basic characteristic is protection against
the risks inherent in the production of crops in
free exposure, their main function is to recreate
the optimal and appropriate conditions of
radiation, temperature, humidity and carbon
dioxide, to generate the reproduction,
development and growth of plants, increasing
production in quantity, quality and commercial
opportunity (Castafieda et al., 2007; Bastida,
2008; Moreno et al., 2011)

The project called “Web System for
automatic irrigation in a Greenhouse” was
developed with the objective of maintaining
optimal irrigation in the plants, controlling the
amount of water, reducing time and saving
efforts, taking into account the characteristics of
the drip irrigation system that It has the “San
Sebastian” greenhouse. The results of the project
are the web system, the desktop application and
the data acquisition module.

For the purposes of this work, only the
Data Acquisition module and the desktop
application will be briefly mentioned; the
detailed operation and design will be presented
in another future work. This article contains the
problem statement, the data acquisition module,
the web system modules, the development
methodology, the description of the phases, the
results, the acknowledgments and finally the
conclusions and bibliographic references.
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Problem statement

Crop production under protected agriculture is a
modern technique currently used in agricultural
production. Irrigation is an essential component
of  sustained agricultural  development.
According to Demin (2014), crops need to
absorb water from the soil in order to grow and
develop. When the moisture content is low,
absorption is difficult, which is why it is
necessary to water to replenish it and make it
available for the crop.

Over the course of eight years, different
crops have been planted in the San Sebastian
greenhouse and watered using a drip system,
which operates up to eight times a day, providing
a constant supply of water for the sixteen beds in
the greenhouse, where each bed has a valve that
is connected to a master valve that allows the
flow of water, the process that is followed is
manual by opening each valve to later measure
the time, either based on your experience or with
a predefined measurement (You can be by
counting drops or clockwise). Which generates
loss of time since the farmer spends time
opening and closing valves, counting the drops
that fall from the hose per bed, checking the
clock and keeping an eye on whether the crops
are being watered bed by bed. Another problem
is the excess or lack of humidity since the farmer
must put his hand into the soil to feel the
humidity of the earth and thus determine if more
water is required or if he should close the valve
according to his experience, putting the harvest
in danger, without taking Keep in mind that the
needs of crops require a different amount of
water, nutrients and depend on the phase in
which it is found, whether germination, seedling,
plant or in production, therefore the product
often does not have quality and economic losses
occur.

Data acquisition module

The data acquisition module aims to obtain or
generate information on the values of the
humidity and ambient temperature variables
through electronic devices such as sensors and
the Arduino for the operation of the Web system.

VALDEZ-APARICIO, Maria Magdalena, SANDOVAL-
HERNANDEZ, Marco Antonio CRUZ-GOMEZ, Angela and
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Through an interface it is linked to the
web system that shows the values and the results
it generates, which means that when requests are
received from the server, it is linked in real time
to the data acquisition module to start or close
the irrigation open or close the valves connected
to the master valve automatically.

Development methodology

For the functionality of the web system, the
software development model based on
Prototypes was used, which aims at the direct
participation of the client in the construction of
the required software, helping to improve the
understanding of what is going to be developed
when the requirements are not met or clear and
serves as a mechanism to identify and define the
software requirements, in addition the prototype
evolves through an iterative process (Pressman,
2010, p. 37).

Figure 1  shows the  phases:
communication, rapid plan, rapid modeling and

design, prototype construction, deployment,
delivery and feedback.

e b |

- Modeling
Communication ; .
Quick Design

Development

‘ Prototype
Delivery construction
and Feedback

Figure 1. Adapted prototype model
Source: (Pressman, 2010, p. 37)
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The phases are described below:

- Communication Phase, in this first stage
interviews were carried out with the
farmer to find out what the real needs were
and the problems presented, for example:
identifying manual  processes, the
irrigation system, manual preparation of
fertilizer, fertilization, sowing periods ,
harvesting, cutting, weather conditions in
terms of humidity and temperature, type of
crops planted, quantity of crops,
information that served to define the
requirements, the definition of both
general and specific objectives of the
software, as well as types of users who will
interact with the system.

For the functionality of the web system,
three types of users were identified with
different roles and privileges for access to the
system:

The Administrator user is the user who has
full access to each of the modules, and is
responsible for adding information to the
system: User data, new crops and new
irrigations, greenhouse data, beds and
notifications.

- The Farmer user adds data on crops,
irrigation period, number of irrigation
times, greenhouses, beds and notifications.

- The worker user can only see information
about crops, greenhouses and
notifications.

- The Quick Plan phase is carried out when
the results of the project from the previous
stage are accepted, then a representation of
the requirements is developed. For this
system, the user story technique was used
to model the user requirements. Table 1
shows an example of a user story to add
the Farmer user type.
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Number: 1 User: Administrator

Story Name: Add User

Priority: High Risk: Low

Estimated points: 2 Assigned prototype: 1
Responsible: Oscar Daniel Garcia Cervantes
Description: As an administrator | want to add a new
farmer to the system

Validation: The administrator can add a new farmer as
long as they are logged in within the system

Table 1 User story: administrator user

In the Rapid Design Modeling stage,
different tasks were carried out such as the
design of use cases, graphical user
interfaces, two databases were created, the
local database and the remote one using
MySQL, which is a data management
system. Most popular open source
relational database based on SQL
(Structured Query Language) Structured
query language, capable of storing large
amounts of data that also uses the client-
server model. The server is where the data
really resides and to have access, requests
are made, this is where the client comes in,
that is, requests are sent to the database
server to obtain the data that the client
requires. The remote database serves as a
backup for the local database, if a problem
occurs with it, it can be recovered through
the backup, in addition the remote
database is updated every time there is an
internet connection adding the newer data.

In the case of use case models, according
to Jacobson (2013) he mentions that “expresses
all the ways of using a system to achieve a goal
particular for a user. As an example, a use case
model is shown to Log in to the system, first you
have to Validate data using a username and
password. See figure 2.

Login

Figure 2 Login use case
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- Prototype construction stage, in this stage
the user, crop and greenhouse modules
were developed for coding, the PHP
(Hypertext Pre-Processor) programming
language was used, that is, Hypertext Pre-
Processor. It is an open source, general-
purpose programming language for web
development that runs on the server side.

- In relation to the operation of the web
system, it is linked to the Data Acquisition
module through the Water button to obtain
temperature and humidity measurements.

- The last phase of deployment, delivery and
feedback of the system, the functionality
of the web system was reviewed through
different types of tests, reviews were
carried out by the farmer and they were
adapted to the requested requirements.

Results

Next the results of the modules: users, crops and
greenhouses are described below:

- Access to the system, to enter the system a
username and password are required. See
Figure 3.

Invernadero
San Sebastian

Usuario

Invss

Contrasefia

Figure 3 System access screen

- Main Screen, this screen shows the main
view of the web system, the options menu,
the current system data obtained from the
data acquisition module with the humidity
value using the water button, see figure 4.
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Sistema Automatizado de Riego y Polinizacién con RN.A 1

Invernadero
Bienvenido: Invss

Datos Actuales del Sistema

o8° 0% 171%

:{Qué Desea Hacer?

Figure 4 Main menu

One of the main functions of the web
system is irrigation, and this is where the
farmer makes the request for the valves to
be activated automatically and start
irrigation. The main screen shows the
water button, pressing the button links to
the Data Acquisition module to obtain
humidity, this is displayed in real time in
the system, the duration of irrigation will
depend on the times assigned in the system
by the farmer depending on the type of
crop that is planted at that time, the web
system is configured to send and receive
notifications for the start or closure of
irrigation based on the humidity sensor
value. See figure 5.

Bienvenido: Invss

Datos Actuales del Sistema

08° 0% 171%

Temperatura Humedad Humedad del Suelo

{Qué Desea Hacer?

Opciones:

Figure 5 Water button

- When you press the water button, the
server displays a screen where it shows the
question to the Farmer, do you want to
start irrigation? The decision-making by
the farmer is essential, whether or not the
start of irrigation in the greenhouse will
depend on him. See figure 6.

evarafael.com dice

;Desea activar el riego?

Figure 6 Accept button to start irrigation
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Clicking on the Accept button starts the
irrigation process, see figure 7.

Figure 7 Water button

User module

This screen shows the users registered in
the system using a board. You can also search
for a user by name by typing one letter or more
and clicking the Search button. See figure 8.

Usuarios
Agregar Usuario
Datos de los Usuarios
Usu Accione

@
&
3
]

Figure 8 Registered users of the user module

- User registration below is the form for user
registration, with the following fields: Full
name, username, password, confirm
password, user position and email, there
are mandatory fields that are marked with
an asterisk. See figure 9.
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Registrar Usuario

*Campos Obligatorios
*MNombre Completo

Ingrese el Mombre Completo :I

*Usuario

N

Inwss |
f,-'
- -

*Contrasefia
Debe tener 8 caracteres y al menos: {Una Mayiscula - Una Mindsoula
- Un Mdmero- Un Simbolo (#21@S5% &) )

1
C.l....oo. ]
J

- -

@&
*Confirmar Contrasefia

Confirme la Contrasefia |

&
*FPuesto del usuario

[ Seleccione: ~
S /'

Correo Electronico

GIS.IIE‘;.-‘: el Correo Electrénico |

Regresar a Usuarios

Registrar Usuario

Figure 9 User registration

- Crop module

Figure 10 shows the crop module screen
with the corresponding information for each of
them. You can search for the crop name by
writing one letter or more and clicking on the
Search button.

Cultivos
ST -
Agregar Cultivo
@
3
=
a

Figure 10 Crop module

- Crop registration

This screen shows the fields to register a
crop to the system. There are mandatory fields
that are marked with an asterisk, once the fields
are filled out, press the Register Crop button to
save the new crop. See figure 11.
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Registrar Cultivo

*Campos Obligatorios
*MNombre del cultivo '_Ilpc: de Familia i

]| Seleccione: v

*Tiempo de Vida *Tiempo de Riego

[Meses) [Minutos)
(-'.-; rese Tpo. de Vida | (-'.-; rese Tpo. de Riego |
*BH Minima (0-14) *PH Maximo (0-14)

*Temperatura Minima  “Temperatura Mdxima  *Temperatura ldeal

[Celsius) [Celsius) [Celsius)
(-'.-;ue-'.—'. Temp. Min | (-'.-;ue-'.—'. Temp. Max | (-'..;ue-'.—'. Temp. Ideal |
*Humedad Minima *Humedad Maxima
*H dad |deal (Habs)
(Habs) {Habs) tmedad Ideal (Fabs)

Regresar a Cultivos

Figure 11 Crop record

Greenhouse module

In figure 12 you can see the bed data, the
number of beds and the crop found in each bed
or group of beds in the greenhouse. It also has
two options that allow you to edit the bed data
and eliminate the number of beds. beds as
required by the farmer, you can also search for a
crop by name by writing one letter or more and
clicking on the Search button.

Invernadero
<=
Datos de | am

[ST— "
=
e 3
=
&

Figure 12 Greenhouse module

- Add beds

The Add button allows you to add a new
bed record to the greenhouse module. In the
form there are mandatory fields marked with an
asterisk. Once the fields are filled out, press the
Register Bed button to save the new record. See
figure 13.
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Article
Registrar Camas
*Campos Obligatorios
*Nimero de Camas
( )
*Cultivo
-'/
| Seleccione: v
\ y,

Regresar a Invernaders

Registrar Cama

Figure 13 Register beds
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Conclusions

The web system for automatic irrigation in a
Greenhouse was developed with the objective of
maintaining optimal irrigation in the plants,
controlling the amount of water, reducing time
and saving efforts as a low-cost alternative for
farmers, crops and harvests under Greenhouses.
Irrigation in greenhouses is a fundamental part
for the development of the plant, the “San
Sebastian” greenhouse has a drip irrigation
system for the distribution and irrigation of
crops, the main characteristic of which is that it
provides the necessary amount of water and
nutrients to the crops.
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The system allows irrigation to be
programmed, records the number of irrigation
times, validates the times assigned to each
irrigation, sends notifications of the start and
closure of irrigation, relying on the Data
Acquisition module to obtain the sensor value in
real time, in addition to the modules that the web
system has for proper functioning.

This project secures the foundations so
that new functionalities can be added such as
data analysis and the application of artificial
intelligence in the future.
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