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Abstract 

 

Wireless sensor networks (WSN) are increasingly present 

in applications of daily life, such as health care, 

agriculture, and environmental monitoring. According to 

the definition of a smart city, it requires connectivity to 

exchange information based on various technologies such 

as the WSN for the Internet of Things. Therefore, a 

6LoWPAN is a type of hybrid network connected to the 

Internet through devices with limited resources using 

IPv6. For that reason, a 6LoWPAN becomes key in the 

implementation of a WSN. Due to the situation derived 

from COVID-19, the sanitary measures established indoor 

will allow the development of applications such as the one 

presented in this work, which establishes temperature 

monitoring in a university laboratory. The focus of this 

project is based on analyze of data transmission in a 

6LoWPAN implemented through the IEEE 802.15.4 

standard. The devices used correspond to the Texas 

Instruments CC2650stk and a CC2531 packet sniffer. The 

monitored data is stored in a database for graphical 

presentation. 

 

 

 

 
Temperature Monitoring, 6LoWPAN, 802.15.4 

Resumen 

 

Las redes inalámbricas de sensores, WSN (Wireless 

Sensor Network) se encuentran cada vez más presentes en 

aplicaciones de la vida diaria como el cuidado de la salud, 

agricultura y monitoreo ambiental. De acuerdo con la 

definición de una ciudad inteligente, requiere de la 

conectividad para intercambiar información basada en 

varias tecnologías como la WSN para el Internet de las 

Cosas. Por lo anterior, una red 6LoWPAN, es un tipo de 

red híbrida conectada a Internet por medio de dispositivos 

con recursos limitados utilizando IPv6. Es por ello, que 

una red 6LoWPAN llega a ser una clave en la 

implementación de una WSN. Debido a la situación 

derivada del COVID-19, las medidas sanitarias 

establecidas en espacios cerrados, permitirá el desarrollo 

de aplicaciones como la que presenta en este trabajo, el 

cual establece el monitoreo de la temperatura en un 

laboratorio universitario. El enfoque de este proyecto se 

basa en el análisis de la transmisión de datos en una red 

6LoWPAN implementada a través del estándar IEEE 

802.15.4. Los dispositivos utilizados corresponden al 

CC2650stk de Texas Instruments y un sniffer de paquetes 

CC2531. Los datos monitoreados son almacenados en una 

base de datos para su presentación en gráfica. 

 

Monitoreo de temperatura, 6LoWPAN, 802.15.4
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Introduction 

 

The speed with which the world comes to 

connect has risen day by day. Smart 

environments have gained popularity with the 

help of recent research, and these types of 

environments define the characteristics of a 

smart city [1]. Temperature is a commonly 

implemented parameter for monitoring in indoor 

environments [2]. The temperature in urban 

areas is relatively higher than in rural areas due 

to the lack of vegetation and open spaces in an 

urban environment [3]. In accordance with this, 

one of the preventive protection measures 

against COVID-19 is to regulate the temperature 

in the work laboratories, and thus avoid the 

concentration of people. Traditionally the 

temperature in an interior space is considered in 

21 or 22 degrees. Therefore, there is a need in the 

monitoring and control of this parameter to 

prevent disease. In addition, in measurement and 

instrumentation laboratories it is required to 

maintain a stable temperature to be able to 

perform precision measurements. 

  

Wireless sensor networks (WSN) [4, 5] 

are defined as the core of applications for the 

services offered by a smart city. In this type of 

networks, the sensors are limited devices, so the 

IETF proposes a low power network like 

6LoWPAN to adapt IPv6 to the WSN 

environment [6]. 

 

There are works that address the idea of 

environmental monitoring to provide various 

applications to a smart city, such is the case of J. 

Vcelák et al. [7], showing examples of smart 

structures for environmental monitoring 

applications. In this work it is emphasized that 

the human spends 90% of his life in interior 

spaces, so it is important to focus on the quality 

of an interior environment. T. Adiono et al. [2], 

designed, developed and demonstrated the 

performance of a portable sensor system for 

indoor environments. This system is capable of 

monitoring humidity and temperature through 

ZigBee technology and displaying 

measurements to the user on the smartphone. M. 

A. Pradhan et al. [8], developed a smart city 

system that detects different characteristics 

including climate monitoring in order to improve 

the way of life. B. Chang and X. Zhang [9] 

designed a temperature and humidity monitoring 

system based on fuzzy PID control technology, 

considering as core the CC2430 for the 

development of the nodes.  

Finally, Y. Park et al. [6], propose a 

gateway system to support multiple monitoring 

system functions in a 6LoWPAN network. In 

this work they trace the data through the network 

protocol stack. 

 

The works presented above undoubtedly 

show an innovative technology applied to 

environmental monitoring. However, they do 

not present the way in which the information is 

transmitted through the wireless network that 

they use to send the data. That is why, in the 

present work, the way to analyze a frame through 

the wireless medium and to be able to detect 

transmission failures is highlighted. In addition 

to understanding the structure of the frame, you 

can observe the times and extract parameters 

such as the received signal strength indicator 

RSSI (Received Signal Strength Indicator), 

which allows you to measure the power level of 

the received signals . Therefore, this work will 

provide the analysis of data transmission in a 

6LoWPAN network implemented by CC2650stk 

devices for environmental monitoring, 

considering a multipoint-to-point network. In 

addition, the scope and limitations of the 

modules for the transmission of data in real time 

are defined. The information collected from this 

low-power network will be stored in a server 

database configured in ContikiOS on a laptop. 

 

6LoWPAN network architecture 

 

The demand for a larger IP address space has 

focused on the use of the IPv6 network protocol 

with 128 bits, allowing an approximate 3.4x10 ^ 

38 addresses available [10]. The IPv6 network 

through the Low Power Wireless Personal Area 

Network (6LoWPAN), standardized by the 

IETF, is based on IPv6 packets over the IEEE 

802.15.4 standard in the PHY and MAC layers 

[11], as shown in Figure 1. This type of network 

consists of low-power devices equipped with 

sensors for applications in smart cities that 

require wireless connectivity with very low 

transmission rates [11]. This demand for new 

applications in sensor networks characterized by 

low power, low cost, distributed and self-

organized, make the connection directly to the 

Internet through the IPv6 protocol. 
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Figure 1 6LoWPAN protocol stack 

 

In the 6LoWPAN model, the CSMA 

standard is used in the MAC layer and, in order 

to achieve energy saving, the Radio Duty Cycle 

Layer, RDC [10] is specified. The transport layer 

does not provide TCP connection, instead it uses 

UDP as the transport medium. The adaptation 

layer in the 6LoWPAN network receives this 

name because the IPv6 packets are adapted to the 

frame of the IEEE 802.15.4 standard through 

encapsulation and header compression 

mechanisms [10]. The RPL distance vector 

protocol [12] is considered the de facto routing 

protocol for the IoT. RPL creates a topology in 

the form of a destination-oriented acyclic graph 

(DODAG). The topology is created and 

maintained by ICMPv6-based control packets 

published by each node: DIO (DODAG 

information objects), DAO (Destination 

Advertisement Object) and DIS (DODAG 

Information Solicitation) [13].   

 

Network hardware and software 

 

CC2650stk SimpleLinkTM or IoT SensorTag 

has a CC2650 ultra low power wireless MCU 

that provides multiple 2.4 GHz SimpleLink 

standards; Bluetooth Low Energy (BLE), as well 

as ZigBee and 6LoWPAN. This module 

developed by Texas Instruments Inc. is used in 

low-power sensor network applications, its tasks 

being the measurement of physical parameters, 

processing and analysis of readings, and wireless 

communication. This device has integrated 

sensors, the antenna and the microcontroller [14, 

15]. For the development of this work, the 

HDC1000 temperature sensor was considered. 

The HDC1000 sensor is a factory-calibrated 

digital humidity sensor with an integrated 

temperature sensor that provides accurate 

measurements at very low power. In the case of 

temperature, it works within the range of -40 °C 

to 125 °C [16]. 

 

 

 

The CC2531 USB dongle in the 

CC2531EMK kit is programmed with the packet 

sniffer firmware and can be used for packet 

detection immediately [16]. For this work, the 

Wireshark version 3.0.5 network protocol 

analyzer was used to visualize the packets 

exchanged during communication between the 

motes of this project. 

 

Methodology for the design of the 6LoWPAN 

network 

 

This paper presents a 6LoWPAN network based 

on CC2650stk SimpleLinkTM transceiver 

devices with end-to-end IPv6 connectivity at the 

sensor nodes. Figure 2 shows the sensor node, 

which was configured through ContikiOS. This 

open operating system supports the routing 

protocol for low-power networks RPL (Routing 

Protocol for Low-Power and Lossy Networks) 

and 6LoWPAN. 

 

 
 

Figure 2 Transceptor CC2650stk SimpleLinkTM 

Source: Multi-Standard CC2650 SensorTag Design 

Guide. Instrumentos Texas. 2015 

 

To perform the data transmission 

analysis, the network was implemented with 

three devices configured as end nodes, which 

carried out the temperature sensing. In addition, 

one more device was considered, configured as 

the network server to receive the temperature 

data. The list of nodes with their respective Link-

local addresses is shown in Table 1. 

 
Node ID Link-Local Address 

Server fe80::212:4b00:129a:aa80 

1 fe80::212:4b00:1205:d71 

2 fe80::212:4b00:1204:fe77 

3 fe80::212:4b00:1204:fef6 

 

Table 1 Assignment of IDs and addresses on nodes 
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Link-local addresses establish 

communication with other devices that belong to 

the same local link. They are limited to a single 

link so they cannot be routed beyond this link. 

Every interface has it. The range of these 

addresses is FE80:: / 10 to FEBF :: / 10. 

 

Figure 3 shows the distribution of the 

nodes in the implemented network to be able to 

bring the information obtained to the end user. 

 

 
 

Figure 3 Node distribution for temperature monitoring in 

a closed space 

 

Results and analysis of system tests 

 

The implemented network was based on a 

multipoint-to-point communication and the tests 

were carried out in the Laboratory for 

Characterization of Microwave-Based Systems 

FCE-BUAP, this laboratory has a dimension of 

8x9m, where the nodes were placed as shown in 

Figure 3 Each one of the end nodes collects the 

data and internally transmits it to the wireless 

communication module. Subsequently, the data 

is transmitted to the server node through the 2.4 

GHz antenna. Finally, the server node connected 

to the PC with ContikiOS, transmits the data 

through the USB serial port. Figure 4 shows the 

flow chart for the communication of this work. 

 

 
 

Figure 4 Flow diagram for processing the plot in 

ContikiOS 

 

The end node will activate the radio 

periodically to sense the medium. This duty 

cycle was programmed with an active time of 15 

s and a waiting time of 20 s, in order that the data 

received at the server could be processed 

properly. 

 

The server process establishes the node as 

the root of the topology, therefore, it sends the 

RPL control messages. Furthermore, this 

process creates the UDP connection to receive 

the data sensed by the end nodes. Figure 5 

represents the above, where node 3 sends 

ICMPv6 control messages via a multicast 

address FF02 :: 1a. In this case, the DODAG 

Information Solicitation indicates that node 3 

requests to join the network [17]. 

 

 
 

Figure 5 ICMPv6-based control packages published by 

node 3 in Wireshark 

 

Because the temperature data collected 

by each end node is only sent to the serving node, 

the traffic is unicast. In this way, a confirmation 

message defined as ACK is handled to verify 

that the information arrived correctly at the 

server. This is shown in Figure 6. The figure 

shows the modified capture in Wireshark to 

indicate that node 3 sends the sensed 

temperature of 26.89 ° C to the server and, the 

latter confirms it with an ACK, all through the 

standard IEEE 802.15.4.  
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Figure 6 Obtaining Temperature Data in Wireshark 

 

An important characteristic in the 

development of this project is that the 

information was evaluated in real time. Figure 7 

shows the obtaining of the data in the server 

configured in ContikiOS. Each one of the nodes 

identified by their ID reports the temperature 

that each one detects. In this case, the 

temperature was modified manually by applying 

heat sources to show different variations. 

 

 
 

Figure 7 Obtaining temperature data in ContikiOS 

 

The tests were carried out in a closed 

indoor environment where there was presence of 

other devices working in the same 2.4 GHz band 

as a modem in IEEE 802.11n which caused the 

packets to be delayed. A determining factor in 

the data reception process was the work cycle, 

since the motes were not synchronized and each 

one carried out its period of inactivity, which 

caused that at that time there was no report on 

this. For the development of this work, the 

analysis of the frame received in the server node 

was fundamental, because with the 

decapsulation of each frame received, the 

temperature data was obtained. In this way the 

data were arranged in a database in the 

corresponding column for later analysis. Finally, 

Figure 8 shows the graph corresponding to the 

monitoring of the changing temperature of the 

three nodes at different points of time for a better 

user visualization. 

 

 

 
 

Figure 8 Graph of temperature measurement with motes 

CC2650stk 

 

Conclusions 

 

In this work, a prototype was presented for 

monitoring the temperature inside a closed space 

based on a 6LoWPAN network. The 

development of this work served to analyze the 

transmission of information in this type of 

wireless networks. In addition, the use of low-

power devices is highlighted for the use of 

applications in smart cities, which when 

configured were applicable only for projects that 

do not require a large use of resources for real 

time, for this, dedicated servers can be used  

storage.  

 

The application of this type of system 

will allow services to be even more beneficial in 

a smart city, both in the field of health and in the 

use of a low-power infrastructure. 
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Abstract 

 

This article explains the development of the Uitsiton 

system, capable of detecting obstacles to alert visually 

impaired users, increasing their mobility and confidence 

when moving. Uitsiton is made up of a portable electronic 

device (wearable) and a mobile application (App) that 

operates under the Android platform. The wearable is 

integrated into a vest-like garment. It is used to compute 

the approximate distance between the visually impaired 

user and the obstacles that they can find in their path. The 

wearable covers a range of 180 degrees vertically and 

horizontally with respect to the center of the torso, and 

reaches a maximum distance of 120 cm. The App works 

synchronously with the wearable, it receives a series of 

data corresponding to the measurements of the distance 

between the user and the obstacle, and it triggers a sound 

pattern and a vibration pattern according to the proximity 

of the obstacle. 

 

 

Wearable, App, Mobility, Visually impaired 

Resumen 

 

Este artículo explica el desarrollo del sistema Uitsiton, 

capaz de detectar obstáculos para alertar a los usuarios con 

discapacidad visual, aumentando su movilidad y confianza 

al moverse. Uitsiton está compuesto por un dispositivo 

electrónico portátil (wearable) y una aplicación móvil 

(App) que funciona bajo la plataforma Android. El 

wearable está integrado en una prenda tipo chaleco y se 

utiliza para calcular la distancia aproximada entre el 

usuario con discapacidad visual y los obstáculos que 

pueden encontrar en su camino. El wearable cubre un 

rango de 180 grados vertical y horizontalmente con 

respecto al centro del torso, y alcanza una distancia 

máxima de 120 cm. La App funciona de manera síncrona 

con el wearable; recibe una serie de datos 

correspondientes a las mediciones de la distancia entre el 

usuario y el obstáculo, y desencadena un patrón de sonido 

y un patrón de vibración acorde a la proximidad del 

obstáculo. 

 

Wearable, App, Movilidad, Discapacidad visual 
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Introduction 

 

The World Health Organization (WHO, 2014) 

10 facts about blindness and visual impairment 

report revealed that approximately 285 million 

people had a visual impairment in the year 2010; 

of which 39 million suffer from total blindness 

and 246 million have low vision. Visual 

impairment is a social problem because it makes 

autonomous mobility difficult and therefore 

their participation in meetings; for example, 

educational, work, cultural, among others. 

"Visual impairment can limit people's ability to 

perform everyday tasks and can affect their 

quality of life and ability to interact with the 

surrounding world." (WHO, 2014). Among the 

solutions to ensure that visually impaired people 

are able to move by themselves are mechanical 

prostheses; for example, the white cane and its 

multiple variations; in addition, automated 

prosthetics, such as smart clothing; specialized 

glasses, like proposed by Gonzales-Lorence et 

al., (2020); computer vision techniques, as 

proposed by Brito, G. J., (2020); among others; 

all of these solutions pursuit to make the visually 

impaired person feel emotionally secure and 

independent. 

 

On one hand, according to Dakopoulos, 

D., & Bourbakis, N. G. (2009), wearable 

computing is a branch of ubiquitous computing, 

where systems or devices can be worn with a 

specified purpose. The authors describe three 

categories for the obstacle detection: ETA 

(Electronic Travel Aids), EOA (Electronic 

Orientation Aids) and PLO (Position Locator 

Devices). The Electronic Travel Aids 

classification has also three system categories: 

Vision replacement, Vision enhancement and 

Vision substitution. On the other hand, 

according to Discant, A., et. al. (2007), the 

problem of obstacles detection has been treated 

in 4 approaches: SONAR, that is based on sound 

waves;  RADAR, that is based on 

electromagnetic waves; LIDAR, that is based on 

light beam; and LADAR, that is based on laser 

beam. Thus, our system belongs to the ETA 

category and Vision substitution subcategory 

and employs the SONAR approach. 

 

We build an experimental system, named 

Uitsiton, consisting of a portable electronic 

device (wearable) and a mobile App. Uitsiton’s 

objective is to help visually impaired people to 

make their movements autonomously.  

 

 

Wefocus on four aspects concerning 

usability: i) easy to learn, measured through 

learning time, ii) efficiency, measured through 

operating time, iii) sensing coverage range, and 

iv) scalability, measured by the possibility of 

incrementing the number of sensors. This 

experimental system is oriented to the internet of 

things (IoT). 

 

We found four systems related to 

Uitsiton. The first one is the Wearable System 

Cardin, S., Thalmann, D., & Vexo, F., (2007), 

which detects shoulder-height obstacles through 

ultrasonic range sensors. Wearable System 

notifies the user about the proximity of an object 

through the vibration of a vest; vibration takes 

place in a certain place(s) of the user’s body. 

Vibration can be calibrated by synchronizing the 

vest with the PDA (Personal Digital Assistant); 

calibration depends on the sensitivity of each 

user. The operating time is not reported, but 

based on architecture, current consumption is 

estimated in a time of 10 hours.  The data 

processing units are: a PIC16F87 

microcontroller, a Bluetooth module 

(unspecified model) and a PDA. Learning time 

and scalability are not reported. This system is 

not oriented to the IoT.  

 

The second one is the device Cinturón y 

Manillas Grijalva, H. M. & Mejía, H. M., 

(2016), which detects obstacles at half-height in 

three directions (left, right and front), through 

ultrasonic range sensors. Cinturón y Manillas 

notifies the user of the proximity of an object by 

vibrating at a certain point(s), the stronger 

vibration the closer the object is. The operating 

time is 95 minutes at maximum. The data 

processing units are Arduino Pro-micro, Xbee 

module, myRIO device and PIC18F2550. 

Authors report that users require a training time 

to learn the device’s operation. Scalability is not 

reported. This system is not oriented to the IoT. 

 

The third one is a prototype that was 

proposed in India, consisting of a circuit made 

with Arduino Uno, a Bluetooth module and a 

single ultrasonic range sensor. The circuit is 

powered by a non-rechargeable battery 

Walimbe, A., et al., (2018). This circuit is 

accompanied by a mobile application developed 

for Android OS that vibrates and throws beeps 

depending on how far away an obstacle is 

encountered. 
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However, we consider that this project 

was reported at an early stage, because there is 

no mention of adapting the circuit to a garment. 

In addition, it has a single HC-SR04/05 sensor, 

which was tested at Uitsiton, and demonstrated 

deficiencies regarding the performance 

established in the manufacturer's datasheet. The 

operating time is not reported in the article. 

Therefore, learning time and scalability are not 

reported. This system is not oriented to the IoT. 

 

The fourth one is the Wearable MAPTIC 

Emilios Farrington-Arnas, (2019), it detects 

obstacles at the front of the user at chest height, 

through ultrasonic range sensors. It consists of a 

necklace and a series of feedback units that can 

be placed on clothing or around the wrist, such 

as a bracelet. The necklace detects obstacles and 

the bracelet vibrates left or right. MAPTIC 

wearable connects to a voice-controlled IOS 

App, so GPS can be used to guide the user. The 

MAPTIC website does not report operating time. 

It is important to mention that MAPTIC is a 

commercial product; therefore, there is no access 

to the hardware architecture or the architecture 

of the App. Learning time and scalability are not 

reported. Since it uses the smartphone current 

GPS capabilities and Google Maps API to 

provide the data for navigation, we consider that 

MAPTIC is oriented to the IoT. 

 

Table 1 shows feature comparison of 

mentioned systems with ours. Uitsiton has some 

advantages over related works, such as: longer 

operating time, shorter learning time, better 

sensing coverture range and better scalability. 

Also, it is oriented to the IoT. Each of these 

advantages will be proved in this article.  

 
Feature Wearable 

System 
Cinturón y 

manitas 

Prototype 

(India) 

MAPIC Uitsiton 

Learning 

time 

2 min 

(Tested 

in a 

corrido

r) 

Require a 

training 

time 

--- --- 5 min 

(Tested on 

indoor and 

outdoor) 

Scalability --- --- --- --- It depends of 

microcontrolle

r capability 

Operating 

time 

10 hrs. 95 min. --- --- 20 hrs. 

Sensing 

coverture 

range 

shoulde

r-height 

Half-

height 

(left, 

right and 

front) 

--- Front of 

the user 

at chest 

height 

Torso (left, 

right and 

front) 

Oriented to 

the IoT 

No No No Yes Yes 

 

Table 1 Feature comparison of four systems with Uisiton 

Source: Prepared by the Authors 

 

 

 

 

 

Methodology 

 

Observation and definition of the problem 

 

In general, the animals are guided by their senses 

to move in their environment. When the sense of 

the vision is affected the mobility is affected too. 

To improve the mobility, we need to substitute 

the vision of the impaired persons with some 

artificial sense, for example the audition 

combined with the tact can replace in some way 

the loosed natural vision. We need to resolve 

obstacle detection which is one of the main 

challenges. For this research project, the person's 

mobility in enclosed spaces and open spaces will 

be considered. The detection of holes or steps 

and this kind of open problems are not 

considered by us. 

 

Hypothesis 

 

It is possible to build an experimental wearable 

system with four aspects concerning usability: i) 

easy to learn, measured through learning time, ii) 

efficiency, measured through operating time, iii) 

sensing coverture range, and iv) scalability, 

measured by the possibility of increment the 

number of sensors. This experimental system 

will be oriented to the IoT. 

 

Experimentation 

 

- Study the movement in both close and open 

spaces of a person that cannot see. 

 

- Based on the observation of at least 3 

persons define where to set the 4 sensors and 

its disposition to sense at least 180 degrees 

in the walking direction. 

 

- Design and build a first prototype to test the 

position and directions of the sensors, and 

dispose them correctly. 

 

- Design and build the actuators component: 

Android OS App. 

 

- Integrate the sensors component with the 

App. 

 

- Test and document the preliminary results 

of the complete wearable. 

 

- Fix possible errors or modify to improve the 

prototype. 
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Expected results 

 

- A wearable with 4 ultrasonic range sensors 

measuring the distance of objects at 180 

degrees both to the front-horizontal and 

front-vertical of the center of the torso of the 

person that is wearing it. 

 

- An Android OS App capable of: i) receiving 

signals from the electronic device from 4 

sensors; (ii) process signals to decide about 

the existence of an obstacle in the movement 

direction; (iii) alert the visually impaired 

person through sounds and vibration 

patterns. 

 

- To prove the hypothesis with the Uitsiton 

system in action. 

 

Development 

 

Wearable design and implementation 

 

The wearable design and implementation consist 

of two components, embedded sensors system 

and Android OS App. Each one is presented 

below in two views: Logical and Physical. 

 

Embedded Sensors System 

 

Figure 1 shows the Logical View of Uitsiton's 

architecture, via a block diagram. The wearable 

consists of an array of 4 ultrasonic range sensors, 

a microcontroller, a Bluetooth module and a 

voltage regulator; the wearable requires a 

battery. Figure 2 shows the physical view 

concerning the connections between the 

electronic wearable components. The TRIGGER 

and ECHO pins of the four ultrasonic sensors 

were assigned to port B of the microcontroller. 

The data transmission and reception pins of the 

Bluetooth module were connected to the Rx and 

Tx ports, the microcontroller’s EUSART module 

is located in the Bluetooth module. EUSART 

module supports some communication 

protocols, among them the RS-232. The voltage 

regulator protects the system from variations on 

levels of voltage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1 Uitsiton System Block Diagram: Logical View 

Source: Prepared by the Authors 

 

The operation of ultrasonic range sensors 

consists of the cyclic emission of an ultrasonic 

wave, which spreads in the environment. When 

an object is found in its path, this wave is 

reflected and echoes to the receiver. The 

conditioning circuit computes the period 

between the emission of the ultrasonic waves 

and the reception of the reflected wave. The 

range of the wave is approximately 4.5 meters in 

ideal conditions. The 4 sensors disposition form 

a cross in the center of the person's torso, each of 

them has a different direction to their emission: 

left, right, up and down. The microcontroller 

records the time before wave emission and the 

return of the reflected wave. The microcontroller 

computes the 4 distances, in centimeters, using 

the difference between the emission and the 

return of the weaves timestamps, in 

microseconds, of each sensor.  
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Subsequently, the microcontroller sends 

the distances to the Android App in bit frames 

via Bluetooth using the RS-232 protocol. 

Because of the simplicity of RS-232 is 

computational less expensive to operate on the 

PIC16F886 microcontroller, and it only requires 

two-way communication, which is achieved 

with three pins: Tx, Rx, and ground (GND). The 

lower the computational complexity in the 

microcontroller, the lower the energy 

consumption. 

 

 
 

Figure 2 Wearable Electric Diagram: Physical View 

Source: Prepared by the Authors 

 

The Figure 3 shows the implementation 

of the architecture of the Uitsiton’s wearable. 

The board has a male header to make it an easy-

to-use test and experiments platform since it 

allows access to all pins of the microcontroller. 

The components are: two 22 pF ceramic 

capacitors, male header’s, resistor of 10 kΩ, one 

push button and PIC6F886 microcontroller. The 

voltage regulator module is composed of: TTL 

LM2940T-05, 47 microfarads and 22 microfarad 

electrolytic capacitors. Before welding the 

components and regulator module to the board, 

all connections were tested for possible short 

circuits. 

 

 
 

Figure 3 Implementation of the wearable architecture 

Source: Prepared by the Authors 

 

The goal of the algorithm implemented is 

to send the distances to the App at which 

potential obstacles are encountered. Initially the 

measured time of a first sensor is captured in the 

direction of the movement; immediately 

calculated the distance with equation 1. Then the 

program waits 20 milliseconds and is passed and 

the second measured time of a second sensor; 

subsequently, the distance is calculated. And so 

on with the remaining sensors. Finally, the 

persisted distances are collected and sent to the 

App. The algorithm considers a limit of 1.20 

meters to sense the obstacles. In addition, we 

experimentally found that to maintain a response 

time of 80 milliseconds, the range of the sensors 

had to be less than 1.50 meters. The response 

time for 4.5 meters obstacles is 150 

milliseconds. Also, we found experimentally 

that in square rooms the reflected waves can 

make the device fail, because of the proximity of 

the walls. We decided to take as limit 1.20 

meters to detect obstacles correctly in closed 

spaces with horizontal areas of 1.5 square 

meters. 

 

𝑑[𝑐𝑚] = 𝑉 [
𝑐𝑚

𝑠
] 𝑡[𝑠]                             (1) 

 

Where d is the distance, V is the velocity 

of ultrasonic waves and t is the time. 

 

App design and implementation 

 

The Logical View of Uitsiton's architecture in 

figure 1 shows the wearable communication 

with the App that will alert the user through 

sound patterns and vibration patterns. The App 

was designed under a two-layer architecture: 

view layer and business layer, figure 4. The view 

layer is made up of three media: sound, vibration 

and graphical interface. The business layer 

performs data processing. It is important to 

mention that the App does not have a data layer 

because it does not require storing the bit frames 

it receives from the wearable. The App is 

composed of twelve classes, ten concrete and 

two interfaces, see the class diagram in Unified 

Modeling Language (UML) in figure 5. 
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Figure 4 Two-Layer Architecture of the App: Logical 

View 

Source: Prepared by the Authors 

 

The Business Layer retrieves the bit 

frame sent by the wearable, through the 

MiHandler class. The received message is 

filtered to prevent incoherent bit frames. The 

filtered message is sent to the next logical 

component, SubProcesos class. The SubProcess 

class separates the message in tokens, which 

contains the distances of the sensors and assigns 

them respectively (parsing process). TheView 

Layer has the responsibility of alerting the user 

that some obstacle is in front of. This alert is 

made with sound patterns and vibration patterns, 

through the SonidoVibracionRunnable class. 

The View Layer also shows on the graphical 

interface the distances of the four sensors, 

through the TextViewRunnable class. The 

graphical interface has only sense for developers 

or testers, not for visual impaired users. 

 
 

Figure 5 App Class Diagram in UML: Logical View 

Source: Prepared by the Authors 

 

Figure 6 shows another view of the 

Uitsiton architecture. The Client-Server Model 

allows establishing the connection between the 

wearable and the App. The server lives in the 

Wearable and the client lives in the App. The 

connection is made via the Bluetooth API. 

 

 

 

 

 

 

 

 

 

 
 

Figure 6 Client-Server Architecture: Physical View 

Source: Prepared by the Authors 
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In the SonidoVibracionRunnable class, 

an algorithm dedicated to managing vibration 

and sound was implemented to alert the person. 

To apply the algorithm properly, sensor 1 (S1) 

should be attached to the right end of the chest; 

sensor 2 (S2) should be attached to the left end 

of the chest; sensor 3 (S3) should be placed on 

the upper right pectoral, near the clavicle; sensor 

4 (S4) should be placed near the navel, between 

the left iliac fossa and the hypogastrium, as 

shown in figure 7. 

 
 

Figure 7 Disposition of sensors in the human corpus 

Source: Prepared by the Authors 

 

The algorithm consists of comparing the 

4 distances of the sensors and selecting the 

smallest. Once the smallest distance is selected, 

the algorithm assigns a specific vibration pattern 

and a specific sound pattern. For the right side a 

low tone was selected for the alert sound; while 

for the center a medium tone was selected, and 

for the left side was selected a high tone. The 

sound track was also accelerated to generate the 

effect of closeness to the obstacle; while it was 

slowed to generate the effect of remoteness of 

the obstacle. Therefore, the names of the sounds, 

shown in Table 2, have a qualifying adjective, 

namely: long, corresponding to far away; 

medium, corresponding to next, and short, 

corresponding to close. The vibration pattern 

will generate frequency intervals that also 

depend on the closeness or remoteness of the 

obstacle; therefore, the names of the vibration 

patterns, shown in Table 2, have a qualified 

adjective, namely: long, corresponding to far 

away; medium, corresponding to the next, and 

short, corresponding to close. 

 

The vibration patterns generate on and 

off states with a constant intensity variation of 

the frequency depending on the distance of the 

obstacles. The Pattern_long vibrates with on and 

off intervals of 900ms.  

The Pattern_medium vibrates with on 

and off intervals of 600ms; finally, the 

Pattern_short vibrates with on and off intervals 

of 400 ms. 

 
Pattern Adjective Range 

(cm) 

Vibration  Right 

sound 

Left sound 

In front 

sound 

Short 

Medium 

Long 

Mute /No 

vibration 

(0,30) 

[30,60) 

[60,120] 

(121,∞) 

 

Table 2 Sound and Vibration Patterns Range with 

Adjectives 

Source: Prepared by the Authors 

 

The algorithm takes three thresholds, 30, 

60 and 120 centimeters, where 120 is the 

maximum distance of the model. These 

thresholds specify the following conditions to 

distance x such as 𝑥 ∈ (0,30) or 𝑥 ∈ [30,60) 

or  𝑥 ∈ [60,120] or 𝑥 ∈ (121, ∞). The sensors 3 

and 4 are encapsulated as "a single large sensor" 

that detects the central part of the torso because 

with this array we amplify the area of the sensing 

in the front, instead of an 30 degrees of sensing 

aperture like a cone shape, we create an united 

two cones like an number 8 shape. Therefore, the 

conditions to activate the sound and vibration are 

based on the combination of the distances found 

around the ranges, on each three sensors, i.e. 21 

possibilities. Figure 8 shows 3 cases. In the case 

(a), the distance between S1 and the obstacle, 

x<30; therefore, the sound will be Right_short 

and the vibration will be Pattern_short. In the 

case (b), the distance between S34 and the 

obstacle, x<60; therefore, the sound will be 

Infront_medium and the vibration will be 

Pattern_medium. In the case (c), the distance 

between S2 and the obstacle, 60<x<120; 

therefore, the sound will be Left_long and the 

vibration will be Pattern_long. 
 

 
(a) Obstacle at right       (b) Obstacle in front      (c) Obstacle at left 

 

Figure 8 Three cases about the obstacles disposition 

Source: Prepared by the Authors 
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Uitsiton montage 

 

Figure 9 and 10 shows the front and rear views 

of the vest and shows the main circuit and 

batteries; Figure 11 displays the graphical 

interface of the App indicating the distance in 

centimeters provided by each of the four sensors; 

distance to which an obstacle lies at a certain 

time. Several types of frames or protectors were 

designed to protect both the main circuit and the 

ultrasonic sensors; the most suitable was chosen, 

and four 3D copies were subsequently printed. 

 

 
 

Figure 9 Wearable front view with sensors disposition 

Source: Prepared by the Authors 

 

 
 

Figure 10 Wearable rear view showing main circuit and 

batteries 

Source: Prepared by the Authors 

 

 
 

Figure 11 App’s Graphical User Interface 

Source: Prepared by the Authors 

 

Test 

 

Designing test 

 

Cases 

 

Based on the cases shown in Figure 8 we have 4 

cases, we can have obstacles at (a) right; (b) in 

front; at left (c); or a combination of (a), (b) and 

(c). Our test design laid on these 4 cases. We did 

various runs with 10 different persons wearing 

Uitsiton, each of them with the 4 cases. 

 

People 

 

We choose 10 participants, none of them have a 

visual impairment, but we consider that because 

these persons are not used to walking without 

seeing is more challenging for the Utsiton test 

than testing it with visually impaired persons. 

The age of the participants ranges from 20 to 55 

years. They all use Apps on Android 

smartphones and were aware of Uitsiton at the 

time of the test. 

 

Terrain 

 

The person's movement in enclosed spaces and 

open spaces, and on smooth and uneven floors 

were considered. The enclosed and flat-floored 

places were room houses and offices. The open 

and uneven-floored places were universities, 

shopping plazas, and public parks. 
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Obstacles 

 

In the house room were: chairs, tables, doors, 

walls, armchairs and furniture in general; 

obstacles in offices were other people, desks, 

pots with artificial plants, trash cans and 

different types of chairs. In the universities were: 

other people, trees, sidewalks, sign poles, 

sculptures, trash cans, tables and chairs. In the 

commercial plazas were: other people, trash 

cans, advertisement signs, plus shopping carts, 

and obstacles in public parks were trees, light 

poles, branches, tree roots, sidewalks, ground 

holes, deteriorated pavement and metal 

structures for different sport activities. 

 

Process 

 

Our process consists in preparation, mobility and 

interview of the participants. Preparation, the 

participant's eyes were covered with a piece of 

cloth; then the participants wore Uitsiton. The 

participant had to initialize the App with their 

eyes covered. Figure 12 shows a person who 

starts walking with the support of Uitsiton. 

Mobility, the participant was instructed to move 

from point A to point B, following the four cases 

mentioned; this instruction was repeated several 

times, for an approximate time of 20 to 60 

minutes, under constant supervision by the 

system manager. Interview, it was conducted at 

the end of the movement exercise, the participant 

provided his experience regarding the use of 

Uitsiton; participant also expressed his or her 

opinion on advantages, failures and 

improvements over the system. 

 
 

Figure 12 Uitsiton Tests: a person starts walking 

Source: Prepared by the authors 

 

Test Results 

 

People 

 

When people were in places that had obstacles 

above their hips such as trees, advertisement 

signs, plant branches, sign poles, light poles, 

doors, tables and generally large furniture, their 

mobility was slow, but they felt confident with 

the system. People became acquainted, 5 

minutes after they started walking, with the 

high, low and medium tones of the App, and 

their correspondence with the obstacle alert: 

Left_short, Left_medium, Left_long, 

Right_short, Right_medium, Right_long, In 

front_short, In front_medium, In front_long. The 

vibration of the smartphone reinforced the alert 

of the sound about the proximity of the obstacles. 

People said after 15 minutes they felt confident 

in Uitsiton, and lost the fear caused by the 

inability to see. Five people were even able to 

speed up the pace. 
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People had difficulty placing the vest 

with their eyes covered. The velcro tape used to 

get stuck to other parts of the garment. The 

average time to place the vest for the first time 

was 6 minutes. People have different sizes, 

minimum 1.50 meters and maximum 1.80 

meters; this was not a problem because the vest 

allows the sensors to be adjusted to properly 

direct them.  

 

Occasionally, regardless of whether the 

App was installed on the participant's 

smartphone or if one was provided with the App 

installed, 37.5% of the time it was necessary to 

configure the device manually to activate 

Bluetooth. 62.5% were enough to activate the 

voice assistant, which is released by holding 

your finger pressed on the main menu button and 

giving the command to activate Bluetooth. 

 

System 

 

Uitsiton's response time, in obstacle detection, 

was almost instantaneous, about 80 

milliseconds; often this response time was 

imperceptible to the participant, when he kept a 

moderate to slow walk. This response time was 

sometimes perceived by the participants who 

accelerated the pace. 

 

The lateral ultrasonic sensors, in 

particular, proved to have a radiation pattern that 

exceeds 40 degrees each, so they detect obstacles 

with ease, and coupled with the central sensors, 

cover a range of 180 degrees vertically and 

horizontally with respect to the center of the 

torso, and with a range of 1.20 meters. However, 

sensor 4 had two drawbacks: (i) it detected the 

person's knees and calves as obstacles. This 

problem was solved, modifying the direction in 

which this sensor was pointing; ii) failed to 

accurately identify obstacles such as: pavement 

with thick cracks, tree stumps roots, sidewalks 

and holes; this problem was due to the different 

factors that alter the criterion of the algorithm to 

detect obstacles, such as the variety in the sizes 

of people, their way of walking, their posture, 

among others. 

 

The tests were carried out for 5 days, two 

people per day. Uitsiton was used two 

consecutive days, for 8 hours each day. After the 

completion of the test, the system remained on 

to assess battery life, which was recharged on the 

third day to continue testing. 

Results and discussion 

 

Uitsiton is the result of this research, it is a vest 

type wearable that together with an Android 

smartphone App, alerts a visually impaired 

person to the presence of obstacles in their path. 

 

Wearable Vest 

 

The wearable detects obstacles in front of the 

center of the person's torso, this means that the 

maximum range of coverage is between the chin, 

shoulders and above the knees, with an angle of 

180 degrees horizontally and vertically, with a 

range in obstacle detection, of 1.20 meters. 

However, Uitsiton could reach a maximum of 

4.5 meters by slightly modifying the wearable 

code, and of course modifying the alert 

algorithm in the App. The implication of these 

changes would be an approximate delay of 150 

milliseconds in response time. To maintain a 

response time of 80 milliseconds, the maximum 

range is 1.5 meters. The algorithm, however, 

considers a range of 1.20 meters in order to avoid 

confusion in enclosed spaces, where it might 

ring and vibrate all the time.  

 

The operating time of the Uitsiton 

wearable is 20 continuous hours. Compared to 

related works, Cinturón y Manillas provides 95 

minutes of operation, equivalent to 7.91% of 

Uitsiton's time; while Wearable System 

estimates 10 hours of operation, equivalent to 

50% of Uitsiton's operating time. Uitsiton saves 

energy because the battery series required in the 

vest only powers the main circuit and ultrasonic 

sensors and the protocol implemented for the 

wireless communication is simple enough to be 

energy consumption optimum. Indeed, Uitsiton 

does not incorporate vibration motors into the 

vest because it would imply higher energy 

consumption, since each motor needs 70 mA to 

110 mA, in addition, a device that manages them 

may be required. 

 

App for Smartphone Android 

 

The Android smartphone App is capable of: i) 

receiving the bitframes from the wearable; (ii) 

process bitframes to compute the existence of an 

obstacle; (iii) alert the visually impaired person 

through sounds and vibration. One main feature 

is that the App can be launched by voice 

command, by simply pressing the main menu 

button on the smartphone for a few seconds.  
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The App provides an experimentation 

interface, which verifies the correct initialization 

of the system; notifies, through the artificial 

voice of Android, the availability of Bluetooth, 

and shows distances to obstacles. The energy 

consumed by the App on the smartphone 

depends mainly on the Bluetooth connection and 

vibration motor, because the display is not 

necessary for the detection. During testing, we 

observed that the battery of the smartphones that 

ran the Uitsiton App with display on, decreased 

by 13% every hour on average. 

 

About the algorithm, on one hand, the 

order of complexity of our algorithm is linear 

O(n) because it executes only comparison and 

arithmetic operations. Based on the complexity 

of the algorithm we can say that the energy 

consumption is the minimum possible. Our 

algorithm does not require the display on and 

uses the bluetooth technology that has as an 

important characteristic its low power 

consumption. On the other hand, the algorithm 

was designed as a base for creating a platform 

for experimentation, thus this algorithm is 

extensible and highly configurable. 

 

Based on the evidence we can say that 

Uitsiton is able to reveal obstacles such as 

signposts, advertisement signs, trees, walls, solid 

furniture, metal objects, among others; which is 

at less than or equal to 1.20 meters. However, 

based on the tests carried out, Uitsiton hardly 

detects amorphous objects with surfaces less 

than 2cm², also obstacles found at an altitude 

below the person's knee, such as stair steps. 

Uitsiton has difficulty accurately detecting 

obstacles such as: pavement with thick cracks, 

tree roots, sidewalks and holes; therefore, it 

should be used in conjunction with a cane or 

other mechanical instrument, when the visually 

impaired person is walking on uneven floors. 

 

Hypothesis Validation 

 

Based on preview sections we can say that it is 

possible to build an experimental wearable 

system with four aspects concerning usability: i) 

easy to learn, ii) efficiency, iii) sensing coverture 

range, and iv) scalability. This experimental 

system is oriented to the IoT. 

 

 

 

 

 

 

About the ease of learning, testing shows 

that users took around 5 minutes to learn and 15 

min to feel confident with Uitsiton; for people 

not used to not seeing, we consider these results 

as favorable to it. This result is comparable to the 

related systems, on Wearable System authors 

report 2 minutes for a user to learn the wearable 

in a closed place (corridor), while we report 5 

minutes for a user to learn the Uitsiton system in 

both enclosed spaces and open spaces. About 

operation time, testing shows that Uitsiton has an 

operating time around 20 hours. This time 

exceeds 50% of the operating time of related 

systems. About sensing coverture range, 

Uitsiton detects obstacles that are at 180 degrees 

both to the front-horizontal and front-vertical; 

with the possibility of adjusting the sensors, in 

order to cover as much range as possible, 

depending on the size of the person who wears 

it. About scalability, Uitsiton's design makes it 

easy to add ultrasonic range sensors, many as the 

microcontroller allows. Since we design the 

programs in a modular way for both the 

microcontroller and the App, and the latter is 

loosely coupled with the wearable, our system is 

readily extensible. In addition, the vest makes it 

easy to modify the position of each sensor, and 

the sensor protectors make it easy to modify the 

direction in which each sensor points. Uitsiton is 

oriented to the IoT, thanks to use of 

smartphones, where it is possible to register data, 

about mobility as distance and time, in order to 

trace the displacements or monitor them 

remotely. 
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Conclusions and future work 
 

It was possible to develop an experimental 

platform to study obstacle detection based on an 

IoT capable wearable system. This platform 

belongs to the ETA devices and uses the 

SONAR approach. We proved that the Uitsiton 

system has a remarkable usability to help people 

with visual impairment problems or persons that 

are losing their vision. Also, this prototype can 

be used for navigating dark or dangerous 

environments like mines, caves, fires, among 

others.  
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We have proved that by using the 

SONAR in our system we can guarantee an 

acceptable level of confidence to the solid 

surface obstacle detection as well as a low 

production cost because the TTL technology 

makes it possible. Since Uitsiton is oriented to 

IoT, we could collect data that help us to 

understand the behavior of people with visual 

impairment in an urban environment and with 

this information improve their mobility at urban 

infrastructure. The design of Uitsiton allows us 

to offer, in future actualization of the platform, 

services that improve the quality of life for 

visually impaired persons like: geolocalization, 

guidelines to arrive at a place and alarm of panic, 

among others. 

 

In the short term Uitsiton may be used in 

conjunction with a cane or other mechanical 

instrument when the person is walking down 

stairs or when walking on a surface with holes. 

In the medium term, the design of the vest could 

be improved; for example, a vest like that of 

personnel working in transport or in the police, 

to improve the placement time. A buzzer could 

be integrated into the vest, which would be 

bleeped to warn the person about the system 

initialization. As for the App, Bluetooth Low 

Energy mode could be implemented, which 

allows to maintain communication with the 

wearable, even if the Android device is at rest 

mode, in order to save more power on the 

smartphone battery. Also, in the App we could 

add the option to configure the criterion of the 

Obstacle Alert Algorithm; for example, that 

detection is done at exactly 1.50 meters instead 

of 1.20 meters. In the long term, Uitsiton could 

spread, integrating other sensors into the vest to 

improve confidence in the system. The App 

could use the GPS API to direct the person to 

their destination, informing them about street 

crossings, the presence of traffic lights, among 

others. In addition, another electronic instrument 

could be integrated to detect obstacles in the 

lower knees and calves; in this way, Uitsiton 

could detect the presence of stair steps, holes and 

cracks; all this to enhance the mobility of 

visually impaired people. 
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Abstract 

 

This research aims to identify the relationship between the 

deterioration of constructions and restoration systems that will 

allow their permanence. The method applied to this research is 

qualitative in nature to publicize the maintenance systems that 

will allow the recovery of adobe constructions and recognize the 

technical richness. Qualitative research allows us to establish the 

observations of the social world, considering the experiences of 

the community, so that they can obtain information about their 

values, experiences, practices, customs and traditions. All this to 

come to issue solutions that do not attack your social 

environment and your urban image. The stages of the research 

were: fieldwork linking access to the field with productive data 

collection; data analysis in a continuous review that consisted of 

reducing information, disposition, transformation and obtaining 

results and verifying them to reach conclusions. Finally, the 

preparation of the report generated various approaches, and one 

of them produced the theme of this work whose contribution is 

that it identifies the constructive systems that can serve to 

generate new lines of research to promote the conservation of 

traditional architecture. 

 

 

 

 

Housing, Sisms, Rehabilitation 

Resumen 

 

Esta investigación tiene como objetivo, identificar la relación 

que existe entre el deterioro de las construcciones y los sistemas 

de restauración que permitirán su permanencia. El método 

aplicado a esta investigación es de carácter cualitativo para dar a 

conocer los sistemas de mantenimiento que permitirá la 

recuperación de las construcciones de adobe y reconoce la 

riqueza técnica. La investigación cualitativa, permite establecer 

las observaciones del mundo social, considerando las 

experiencias de la comunidad, para que permitan obtener 

información sobre sus valores, experiencias, prácticas, 

costumbres y tradiciones. Todo esto para llegar a emitir 

soluciones que no agredan a su entorno social y a su imagen 

urbana. Las etapas de la investigación fueron: el trabajo de 

campo relacionando el acceso al campo con la recolección 

productiva de datos; el análisis de datos en una continua revisión 

que consistió en reducir la información, disposición, 

transformación y la obtención de resultados y verificación de 

estos para llegar a conclusiones. Por último, la elaboración del 

informe generó diversos enfoques, y uno de ellos produjo el tema 

de este trabajo cuya contribución es que identifica los sistemas 

constructivos que pueden servir para generar nuevas líneas de 

investigación para favorecer a la conservación de la arquitectura 

tradicional.  

 

Vivienda, Sismos, Rehabilitación 
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Introduction 

 

A construction system is the set of procedures 

that contemplate the materials, techniques and 

tools that intervene in its elaboration. All 

materials have a shelf life; understanding utility 

to the duration of an object that allows to 

exercise the function for which it was designed 

or elaborated. The duration of the materials of 

the buildings is a little known topic, in addition, 

the existing works are focused on materials such 

as concrete and steel, but not on the area of earth 

materials. This is due to the fact that earth 

materials do not have standardized conditions, 

since their resistance depends on the 

mineralogical characteristics of the place where 

the raw material is obtained. Also the weather 

conditions of the area where the building is 

located that causes deterioration of the property. 

Deterioration is described as decline, a principle 

of weakness that leads to destruction or 

disintegration. It has become synonymous with 

the concept of decay or destruction of systems 

that, when interacting with each other, cause an 

imbalance. In the field of architecture for Juárez, 

Gómez, & Sordo (2002) deterioration is a factor 

that affects the structural behavior, especially in 

adobe constructions and their roof systems. All 

this is caused by the structural behavior, the 

useful life of the materials and the climatic 

conditions such as humidity and humidity 

because it compromises the structural behavior 

in the event of earthquakes as it increases its 

vulnerability. 

 

The deterioration of the materials 

modifies the conditions of the structural 

behavior, both in the adobe walls and in the roof, 

by the junction between wall and roof or by the 

conditions of the beams, although they have a 

healthy appearance, they can be rotten inside. 

cause of fungus or moisture. Sunlight and 

humidity cause dimensional alterations of the 

materials and especially of the adobe as it can 

cause its pulverization. These conditions weaken 

the sections of the house and when there is an 

earthquake, the house or part of it may crack or 

collapse. 

 

For these reasons, adobe constructions 

can be totally or partially affected. The latter 

causes the construction to be intervened 

constructively; understanding the concept of 

intervention as the set of actions that are applied 

to a building to restore the original conditions of 

its elements so that it recovers its function. 

 

Considering all the above, this work is 

divided into 3 sections: characteristics of the 

house, the structural system and the intervention 

materials. In the housing characteristics section, 

the elements that compose it and the problems 

they may have are addressed. The rehabilitation 

section establishes the basic conditions of these 

institutions for the rehabilitation of buildings and 

the intervention materials section explains the 

most common and least invasive systems for the 

rehabilitation of adobe houses. 

 

Characteristics of the property 

 

Adobe is one of the important materials in 

traditional architecture around the world and in 

Mexico there is still a great construction 

tradition on this material. In the ICOMOS 

WORLD REPORT 2006/2007 report 

(Guerrero, 2008). The importance of adobe in 

Mexico is manifested as a basic building 

material, as a highly efficient material for the 

management of natural resources and its 

application in architecture, taking advantage of 

its thermal characteristics and as a material that 

is part of the cultural heritage. 

 

The report also establishes that adobe is 

disappearing throughout Mexico, but indicates 

two important regions for the valuation of the 

Cultural Heritage of Humanity: Paquimé, in the 

state of Chihuahua, north of Mexico and the 

region linked to the Popocatépetl volcano, in the 

center of Mexico. Paquime, a pre-Hispanic city 

called the Casas Grandes Archaeological Zone 

(10th to 15th centuries), disappeared during the 

Spanish conquest and inscribed on the World 

Heritage list in 1998. The Popocatépetl area is 

located within the territorial limits of the states 

of Morelos, Puebla and the state of Mexico. 

 

The latter is relevant because in these 

states of the Mexican Republic there are still 

areas with adobe architecture that must be 

intervened due to the effects of natural 

conditions and seismic events. In rural areas of 

the Mexican Republic, adobe constructions are 

common structures, with different structural 

characteristics and in some cases with elements 

that improve structural behavior. Adobe 

buildings or houses are spaces with variable 

dimensions, but the maximum dimensions are 8 

m x 4 m. The roof system is generally made of 

wood composed of a wooden beam, arranged in 

the long sense and secondary beams in the short 

sense. 
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They are generally single-slope and 

gabled constructions. When they are 2 waters, 

the roof system has wooden trusses that are not 

enough to transmit the weight of the roof system 

perimeter, causing the weight to not be 

distributed over the 4 walls causes instability in 

the face of horizontal loads and stress 

concentrations or faults in the corners of walls, 

or bending. In adobe houses, it is common to see 

buildings without windows or with 0.40 x 0.40 

m windows. without exceeding 0.60 x 0.60 m., 

because it is an unfavorable condition due to the 

concentration of efforts, which can cause shear 

or bending cracks in the walls. The way to 

ventilate is to leave the door open, remove some 

beams or make small holes in the wall. To 

reinforce the walls in some communities they 

place wooden lintels, and sometimes, these 

lintels have them on the peripheries of the 

openings, improving the behavior of these 

constructions (Juárez, Gómez, & Sordo, 2002). 

 

These characteristics are observed in the 

area of the Popocatépetl volcano, the houses 

lack windows or have small windows no more 

than 0.40 m. and a door no more than 1 m. as 

there is a concentration of stresses, which 

produce shear or bending cracks in the walls. It 

is for this reason that wooden lintels are 

included to achieve stability in the openings. 

After the earthquake of 2017, the inhabitants in 

their eagerness to obtain security in their 

constructions placed dalas and castles on the 

edges of doors and windows, although it is a 

practical solution, it is highly invasive. 

 

The roofing material can be overlapping 

tiles, wood and sheets of different types. It is 

common to see cracks and even collapse due to 

lack of connection and dimensional variation 

caused by changes in atmospheric temperature. 

Above all, in materials where there are breaks, 

cracks or fissures and detachments, caused by 

an external action, where the fragility of the wall 

intervenes in which a load is applied that causes 

an exaggerated deformation. Adobe absorbs 

atmospheric moisture and loses its resistance to 

stress, a situation that is increased by changes in 

the temperature of the material. 

 

 

 

 

 

 

 

 

The causes of the disappearance of 

adobe architecture are varied, but one of those 

causes is the damage to adobe houses that have 

suffered from the effects of earthquakes and the 

problem is not only in the choice of materials, 

but also in the lack of foundations, lack of 

supervision in construction and / or poor 

construction techniques, in placing new rooms 

on top of the houses. Another cause of adobe is 

its vulnerability to natural elements, which 

favors the deterioration of the home, especially 

the relative humidity inside the walls that favors 

the rotting of the wooden elements that are 

supported by the adobe. (Gisbert Nieto, A., 

2020). 

 

To prevent moisture in the basements, a 

baseboard or foundation is placed, although as it 

may be that in sloping areas the foundation is 

insufficient and allows the absorption of water 

from the soil. 

 

 
 

Figure 1 The action of rainwater on the base of the wall is 

shown 

Source: (Peña, 1997, p. 64) 

 

In Tochimilco, Puebla, a place in the 

Popocatépetl Volcano area, the roofs are sloped 

from 11% to 45% slope; However, towards the 

facade the highest part of the wall is placed, 

making it appear from the facade that they are 

horizontal ceilings. That is why there are 

humidity problems due to the connection 

because the roof is attached to the wall and it 

does not have an eaves (houses that the facade 

faces the street) since the eaves are not enough 

to protect the union of the wall and the beams or 

when the eaves is not enough to contain the rain 

and moistens the basement. 
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Figure 2 Moisture in the basements on roofs with eaves. 

Action of rainwater in buildings with eaves on the base of 

the wall 

Source: (Peña, 1997, p. 65) 

 

It should be clarified that in the case of 

openings in doors, windows and element joints, 

there may be water seepage due to the separation 

of the materials and its consequent degradation. 

As well as the vulnerability when doors exceed 

1/3 of the total length of the wall or when there 

are openings with little separation, because the 

transmission of the weight of the roof can cause 

cracks in the jambs of historic houses. The 

lengths of the spans must not exceed 1/3 of the 

total length and if there are more than one 

opening they must be evenly distributed and 

separated (not less than 0.65 m) from the corner 

at least 1.00 m. 

 

In the case of the foundation, there are 

different problems that affect the building, such 

as the rocks that make up the foundation leave 

holes where there is no mortar to unify the 

masonry. The overlay is recommended that 

protects the adobe or brick wall or the humidity 

caused by the absorption of the soil, the dripping 

of the roof and the impact of water by rain or by 

human actions. The foundations in Tochimilco 

have a height of 0.50 to 0.80 meters, but due to 

the topography of the place they can be greater 

and even disappear.  

 
Minimum 

values 

Over foundation height 

25 cm. 35 cm. 55 cm. Observations 

features Dry region 450 

mm of rain per 

year. 

Construction 

with large 

eaves. 

Normal 

rainfall 

Rainy 

region 

with 

narrow 

eaves. 

Consider the 

direction of the 

water: a height 

between 15 and 50 

cm and in rooms 

with a high risk of 

humidity, require a 

greater height. 

 

Table 1 The minimum heights of the basements are shown 

Source: Vázquez 2019 with information from Peña, 1997 

 

Rainwater is absorbed by the adobe; 

However, currently the action of man when 

using vehicles is similar to a torrential because it 

expands the water under pressure over a large 

area of the wall. 

 

 

 

One way to reduce the amount of 

rainwater to the walls when the eaves are not 

made, is through gutters that collect the water to 

certain points, in which they are received by 

vertical tubes called downspouts. The gutters 

can be of semicircular section, which are 

suspended on the front edge of the ailerons, or 

boxes that are supported. The gutters are 

supported by fixing hooks that have freedom of 

movement to expand and contract, taking care 

that the wall covering must be 4 to 5 cm due to 

the less favorable conditions of work on site 

(Lefevre & Lilian, 2016). 

 

 
 

Figure 3 Gutter 

Source: (Lefevre & Lilian, 2016) 

 

In Tochimilco this is a cause that is 

affecting homes in some areas where the 

sidewalk is 0.40 m wide. that allows water to 

permeate the internal area of the walls and later 

fluorescence develops that erode the adobe. In 

addition, placing pluvial installations such as 

pergolas, pipes that cross the foundation or 

electrical installations that modify the 

composition of the wall. 

 

Regarding the enclosures on doors and 

windows of the vernacular house, the efficiency 

of wooden lintels that lean at least 40 centimeters 

to the wall has been proven, it must be taken care 

that the wood is completely dry since it has been 

observed in new constructions in Tochimilco 

that the wood when receiving the weight of the 

wall and the ceiling flexes. In the case of 

historical houses, wooden lintels have also been 

used, but partition lintels are observed in 

lowered and semicircular arches. 

 

It is important to note that in the 

earthquake of September 19, 2017, it was 

observed in the adobe houses that the collapsed 

roofs had beams with smaller dimensions, 

humid, with fungi, separations greater than 0.50 

m or there were no beams because the damaged 

beams were not replaced. or they were 

eliminated to leave the passage of facilities. 
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The corner joints are diagonal wooden 

elements that join the beams allowing greater 

stability of the ceilings. When placing the sheet, 

care must be taken that the overlap coincides 

with a beam to fix it with screws with washers 

and rubber or long nails so that it penetrates the 

wood at least 5 cm. 

 

It should be noted that in Mexico there is 

a great experience on the conservation of the 

built heritage, but in the case of the rehabilitation 

of the vernacular adobe house, many techniques 

cannot be applied because these houses must be 

restored quickly because their inhabitants do not 

have other spaces where to live. Furthermore, 

the available resources are often insufficient to 

carry out a reliable, economical and safe 

intervention. 

 

Rehabilitation 

 

Although the use of adobe exists in other parts of 

Mexico, the Public Administration of Mexico 

City (2017) and ONNCCE (2015) do not include 

this material within their quality standards, but 

the basic conditions of these institutions for the 

rehabilitation of buildings, where, it is required 

the shoring, temporary rehabilitation and 

demolition; as well as access control considering 

the following: 

 

When there is damage to the structure 

that could endanger its stability, access will be 

controlled and temporary support and 

rehabilitation will have to be done while the 

evaluation is being made. It is important to 

provide the temporary stiffness and resistance 

for the safety of the workers working in the 

building, neighbors and pedestrians in the 

adjacent areas. Temporary rehabilitation also 

applies when modifications are made to a 

structure that imply a temporary decrease in the 

stiffness or resistance capacity of some structural 

element. The construction will be demolished in 

the event that there is a risk of partial or total 

collapse, risk to neighboring buildings or 

communication routes. 

 

Safety during rehabilitation must 

guarantee the stability of the structure, for which 

it must be demonstrated that the building has the 

capacity to simultaneously withstand the 

estimated vertical actions (dead and live loads) 

and 30% of the accidental ones contained in the 

Complementary Technical Standards.  

 

 

For Design by Earthquake. The 

connection between existing elements and new 

materials or elements must be designed and 

executed in such a way that they can achieve 

monolithic behavior and ensure the transmission 

of forces from the elements. 

 

Also, it is considered that any material, 

traditional or current, impacts the environment, 

but the advantage of adobe is that the energy 

consumption of construction is almost non-

existent, since it is a material that is found almost 

anywhere and once its cycle of Life ends can 

return to the natural environment (Ramírez M. 

Á. 2011). 

 

The structural system used for adobe 

construction presents difficulties in linking the 

foundation and roof elements with the transverse 

and longitudinal walls. This situation occurs due 

to the thickness of the walls and their poor 

adherence and their reduced range of elastic 

behavior; Achieving with this material a 

structural system that complies with the current 

earthquake resistant design philosophy is almost 

impossible. The reduced range of elastic 

behavior means that the deformations caused by 

very low forces affect the adobe walls and 

severely damage them. However, in adobe 

constructions that have survived over time in 

seismic zones, with walls of considerable 

thickness they still remain, but this is due to 

massiveness, since adobe as a whole presents a 

value close to 10% of the capacity. compression 

of the system that allowed it to resist by gravity 

the possibility of overturning by wind forces and 

the loss of resistance due to weathering 

(González, Aguilar, & Gómez, 2008). 

 

For historic and adobe buildings, 

materials that present compatibility problems 

such as block and partition are applied; In 

addition, metallic and carbon materials corrode 

with loss of their physical, chemical and 

reinforcing element characteristics. 

 

To intervene in a building, the materials 

used must be considered, as they must cover the 

durability and chemical, physical and 

mechanical compatibility of the original 

materials; Therefore, it is convenient to use 

traditional materials for its restoration (Peña & 

Lourenço, 2012). 
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Regarding the problems of degradation 

of buildings, they cause the need for their 

maintenance and restitution, for which it should 

be noted that any reinforcement technique 

causes loss of cultural value. Each reinforcement 

technique must be analyzed as some techniques 

are highly invasive; however, these are used 

when the problem is the reduction of seismic 

effects. 

 

For adobe buildings in rural seismic 

areas, due to the ease of acquiring the materials, 

wood reinforcements, mortar mesh and 

reinforced concrete elements have been used 

These techniques are invasive, however, 

confinement woods improve the behavior of the 

walls of adobe before the seismic effects. In the 

case of reinforced concrete elements, they 

architecturally modify the construction and the 

soluble salts contained in Portland cement, the 

crystallization of which is expansive and due to 

mechanical phenomena that cause deformations. 

It is important to note that if tension stresses are 

reduced, the behavior of earthen walls can be 

substantially improved (López Pérez, et al., 

2007). 

 

According to (González, Aguilar, & 

Gómez (2008), the techniques of damage repair 

and structural rehabilitation in adobe houses 

used in Mexico and abroad are a function of the 

economy and lately, it has become from the point 

of view of sustainability and its attractive 

presentation for the architectural project. 

 

According to Peña & Lourenço (2012), 

the following conditions are established for 

intervention in buildings: respect for structural 

authenticity, minimal alteration or impact and 

structural safety, compatibility, interventions 

that contribute to preserving integrity, 

reversibility and removal and monitoring. 

 

Respect for structural authenticity refers 

to the fact that the property is part of its cultural 

value, so it is necessary to preserve both the 

original system and its materials as long as they 

provide an adequate level of security favoring 

the minimum alteration or impact. Structural 

safety is a very important issue because the 

building can experience structural damage that 

endangers the lives of the people who inhabit it, 

in many cases it is affected by the 

incompatibility of materials or construction 

systems for which it is necessary choose the 

technique that presents minimal invasion. 

 

Compatibility refers to the fact that the 

materials and technical devices used for repair or 

reinforcement must be compatible with the 

originals; Old materials should be chemically 

compatible with new materials, and new 

materials should not experience chemical or 

physical phenomena that could cause any 

damage to existing materials. Whenever 

possible, the measures taken should be 

reversible for that when dismantled. The original 

material or the structure returns to the previous 

state without suffering damage or permanent 

deterioration to open the possibility of replacing 

or changing, in the future, the reinforcement for 

a more suitable or effective one. 

 

All the above must be controlled during 

its execution, so as not to allow actions that are 

impossible to control. A supervision and control 

program must accompany any intervention 

proposal, to avoid damaging the structure during 

the intervention works. 

 

From the above, it follows the following 

conditions defined by Peña and Loureco (2012) 

to establish the intervention plans, which are the 

acquisition of data, structural behavior, 

diagnosis and safety measures and intervention 

materials that are described below. 

 

The historical information will allow us 

to understand the structural behavior over time 

and its behavior in the face of earthquakes, 

differential subsidence, hurricanes, etc. As well 

as the damages presented and the different 

repairs that the building has undergone. The 

structural geometry of historical buildings is 

quite complex, preliminary studies are 

recommended for the characterization of 

materials and detection of damage with sonic 

techniques, radar, thermography, environmental 

vibration, flat jacks, etc. 

 

Simplified methods of analysis are 

highly effective for the analysis of this type of 

historical structures. The use of two or more 

analysis tools allows to overcome the 

complexity of the seismic behavior of old 

masonry structures. The evaluation of the 

structural safety of a historic building should not 

be based solely on the quantitative study, but 

also on the evidence about the behavior of the 

building in the face of past events (qualitative 

study), that is, based on its own history. 
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All this will allow the intervention 

measures to be based on the causes of the 

problem and the intervention must be based on 

the safety criteria, keeping the intervention to the 

minimum possible to guarantee the safety and 

durability of the structure with the minimum 

possible damage to the values. of the building. 

 

The term intervention is related to the 

word rehabilitation that is defined as an 

improvement in the conditions or its 

characteristics of the construction. The concept 

of rehabilitation refers to the actions that are 

related to consolidations, substitutions and new 

technological or material elements with new 

intervention techniques. 

 

The intervention techniques must favor 

the prior containment of the external actions that 

cause the pathological process and thus correct 

from the origin of the failure, being able to place 

a new structure, reinforcements, and even assess 

the demolition and replacement and in each of 

them , the different variants (Monjo & 

Maldonado, 2001). 

 

However, the most common problems in 

adobe homes are the dimensional variations of 

the adobe, which are defined by the height of the 

courses since, due to the variable shape of the 

block, it is necessary to increase the thickness of 

the mortar joint, making it a less resistant wall. 

compression. 

 

After a review of the possible 

intervention techniques in vernacular dwellings, 

it was observed that the most used techniques to 

increase their resistance or to repair the system 

that has failed are the application of a mortar, 

insertion of wooden beams, placement of 

reinforced steel, longitudinal tensioners, system 

modification, wall cladding, material change, 

increase in transverse stiffness and different 

types of reinforcements. These intervention 

techniques analyzed by Díaz, (2007) are defined 

below. 

 

The application of a mortar of mud, lime, 

straw and sand allows to increase the adhesion 

between pieces and the shear resistance of the 

walls. The insertion of wooden perimeter 

confinement beams at the junction of the walls 

with the roof favors structural integrity. 

 

 

 

 

The placement of reinforced steel in 

horizontal joints as tensioners without cuts up to 

the vertical elements are used to increase the 

tensile strength and ductility of the wall. 

Longitudinal tensioners are used to join 

longitudinal walls with transverse ones, as well 

as the roof trusses. Modifying the flexible 

diaphragm system to confined with chains and 

concrete castles enhances strength but is highly 

invasive. Wall cladding with 10-gauge welded 

mesh, or 20-gauge chicken wire, significantly 

increases ductility but does not increase strength 

and stiffness. In addition, the mesh helps as long 

as it is not in the entire element so that they allow 

the wall to breathe, because otherwise the water 

contained in it will end up destroying the wall 

from the inside out. 

 

Regarding the change of roofing material 

to reduce weight, replacing clay tile roofs with 

galvanized sheets, corrugated asbestos or any 

light material, although the integrity of the floor 

systems and their connection with the walls. The 

increase in the transverse rigidity of the system 

is achieved by annexing internal walls or 

external buttresses to avoid torsional 

asymmetries, this modifies the architectural 

configuration. 

 

Regarding the reinforcements, they can 

be placed in the adobe pieces with sugar cane 

fibers to increase the tensile strength, place 

guadua or cane bars inside, as well as plastic 

strapping or plastic meshes transversely along of 

the wall, making a shear envelope, increases the 

ductility, but not the resistance and rigidity. 

 

A technique used to rehabilitate homes 

with adobe walls reinforced with geogrid. Bricks 

without pre-compression tend to fail at small 

lateral loads as opposed to compacted adobe 

blocks as they increase density and improve 

compression stiffness. The mortar to join adobes 

must present something more of quality than the 

bricks and without aggregates. The vertical and 

horizontal joints will have a thickness of 

approximately 1cm. The process to raise the wall 

begins with the placement of the teachers, setting 

the adobes level on a 1cm mud mortar. 

Subsequently, the course is aligned by tying a 

raffia string between adobes and the first course 

is completed. For the rest of the courses, the area 

of the adobe is pre-moistened for better 

adherence between consecutive rows. 
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All courses should be interspersed with 

the adobe position between consecutive courses 

to improve overall performance. Geogrid is a 

polymeric material that improves the structural 

behavior of adobe as it acts as the tensile 

reinforcement of reinforced concrete 

constructions, absorbing the tensile stresses in 

the constructive element. In the event of an 

earthquake, the geogrid prevents the collapse of 

the structure, although this does not mean that 

the walls are damaged and require their 

replacement, since the building could be 

irreversibly damaged, but the geogrid must 

prevent its collapse. The geogrid must be placed 

on both sides of the wall and overlapping each 

other at least 15cm between both sides, taking 

care of the correct tie in the connection of both 

meshes by means of raffia ropes. The main 

characteristic is its high tensile strength that 

enables the whole to support dynamic loads, 

which is why it can be placed in new or old 

constructions as it integrates with the material in 

the walls without affecting the foundations 

(Astorga, 2011). 

 

 
 

Figure 4 Geogrid, maximum separation of 5cm and 

maximum elongation of 2% and it is a composite material 

consisting of an open mesh, which is filled with other 

materials, increasing the rigidity of the set of great 

flexibility and resistance to ultraviolet rays. deformation, 

durability, high corrosion resistance at low cost 

Source: (Astorga, 2011) 

 

Below are some intervention systems in 

adobe homes, starting with those proposed by 

the National Center for Disaster Prevention 

(CENAPRED) 

 

  
 

Figure 5 Comparison of options to reinforce the home 

Source: Vázquez, 2018 with information from 

CENAPRED, s / f. 

 

The most effective techniques for adobe 

constructions are the traditional ones both to 

make the block and the mortars that are used for 

its repair. However, the most used material is 

high-purity lime due to its adherent qualities, 

compatibility and resistance, which is used for 

injection of cracks and fissures or for grouting 

(Díaz, 2007). 

 

The consolidation of adobe walls through 

the injection of whitewash reduces structural 

cracks. Structural cracks can significantly 

decrease the stiffness and strength of walls, 

increasing the risk of collapse during new 

earthquakes. Therefore, traditional building 

rehabilitation methods seek to increase 

resistance through the demolition and 

replacement of cracked walls. In the case of 

historical constructions, these techniques are 

invasive and cause the deterioration of the 

patrimonial value; Therefore, current damage 

repair systems seek stability through tensile-

resistant reinforcements. However, the 

international conservation community does not 

agree with these techniques as it modifies the 

originality of historical monuments. 
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Vargas and Neumann (2010) carried out 

laboratory tests on repairing structural cracks in 

historical adobe buildings and reached the 

following conclusions that favor the 

consolidation of adobe walls through the 

injection of grout. It is a viable alternative, to 

improve the resistance of adobe walls, the repair 

by injection of mud grouts without stabilizers 

was effective to recover the resistance of the 

walls. Good quality of the injection process is 

important for effective repair. 

 

It was also observed that the stabilization 

of mud mortars by adding cement and lime did 

not produce good results. Gypsum was the best 

of the stabilizers studied, but made repair 

difficult. The screened mud grouts exceed the 

original strength, but increase the stresses of the 

adobe wall with the consequent appearance of 

cracks. The less thickness of the mortar, the 

greater the resistance of the masonry; Therefore, 

the lesser thickness of cracks and grout, a more 

effective repair will be obtained. There is a need 

to study the penetrability and control of 

microcracks with natural additives and 

processed additives, as well as their mechanical 

and physicochemical characteristics. 

 

A common practice is the physical 

replacement of the damaged areas by mortars 

with pure lime. It is a process where the material 

is removed from the joints or from the adobe by 

bulging or alteration of the material, and it is 

replaced with new material. It is intended to 

restore the load capacity, for which the same 

material is used, however, in practice different 

materials are placed that modify the bearing 

characteristics of the construction elements. 

 

Grouting is a process for the 

consolidation of buildings in areas of seismic 

activity that consists of injecting a binder of 

liquid consistency to fill gaps, pores and fissures. 

This system allows the adhesion of 

disaggregated particles, recovering its 

mechanical capacity to absorb the stresses of the 

wall. Injection systems must have a staggered 

arrangement of injection holes of 2 to 4 holes per 

M² (staggered is a system where an equilateral 

triangle is formed by determining the distances 

beforehand). When using cementitious grouts it 

is necessary to control the water-cement ratio as 

it can affect the fluidity of the grout injection; the 

lower the water-cement ratio, the greater the 

strength, compactness and durability of a 

conglomerate, but this also means less fluidity 

and, therefore, less injectability (Aguilar, 2016). 

On the other hand, the difficulty involved 

is determining the real absorption of each wall 

and its hydration, since the degree of humidity 

required is variable; It is common to reduce the 

water-cement ratio to the maximum, but there is 

a risk that the grout is not liquid enough to 

penetrate the wall. 

 

The calcareous composition grouts are 

best valued by conservators and restorers for 

their affinity of chemical and mineralogical 

composition with the mortars of the old 

factories, for their high relative elasticity that 

allows them to adapt to the movements of these 

buildings, for their high porosity as they react 

very well before salt crystallizations. It is 

currently used for the manufacture of special 

macro porous mortars for coatings to absorb 

moisture and evaporate it without damage due to 

salt crystallization and without causing barriers 

or displacement of the usual humidity in historic 

buildings. As for its great chemical stability, it 

intensifies with time, due to its lack of soluble 

salts that can migrate to other elements, 

crystallizing, affecting the elements of the 

building; However, there is the difficulty of 

carbonation of the aerial limes inside the 

factories due to lack of aeration. Currently it is 

used for the manufacture of special macro 

porous mortars, for coatings that allow the 

absorption of humidity, whose evaporation does 

not leave damage due to salt crystallization. As 

for cementitious grouts, they have the advantage 

of their injectability, which is favored by the use 

of superplasticizers to reduce the water 

necessary for their workability and resistance 

capacity. There are problems with polymeric 

grouts due to the lack of security regarding their 

long-term mechanical or chemical behavior 

(Aguilar, 2016). 

 

Astorga (2011), states, that the grout 

injection technique to seal cracks, the biggest 

problem is the penetrability of the liquid mud 

because the smaller the thickness of the crack, 

the more fluid it should be applied and binds 

fewer particles of the adobe. In the tests carried 

out by experimental historical sites in Lima, he 

observed that the relationship between the speed 

at which cracks are created and the speed of 

drying was variable in the formation of cracks. 

Therefore, it determined a lower drying speed, 

the lower the number and thickness of the cracks. 

After observing the good performance of these 

methods, we opted for the technification of 

injection procedures.  
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Figure 6 Grout injection in adobe walls in historic 

buildings 

Source: (Astorga, 2011) 

 

The process to consolidate adobe walls 

according to Rehabimed, (2007); Astorga, 

(2011) and Autoconstructor (2014), stated that it 

is necessary to stabilize the area so that 

movements in the wall do not occur, since 

subsequent movements will be more difficult to 

solve after the grout is injected inside the wall. 

 

Also, the cleaning of the facing will be 

with a pickaxe and a wire brush to remove the 

remains of old mortars from the surface and 

joints of the adobes around the cracks; This 

facilitates the application of the grout and the 

adhesion between the adobe and the mud 

mortars or the injection of the grout. In the event 

that the wall has plaster and sounds hollow, it 

must be considered that there is a loss of 

adhesion and a detachment of the plaster, it will 

be necessary to clean the surface. 

 

Regarding the injuries, they indicated 

that they are produced by points of humidity and 

it will be necessary to verify that the entrance of 

humidity is solved and proceed to repair the 

affected areas before the new application; If the 

damage is due to a poor adherence of the plaster 

to the support, due to insufficient evaporation of 

the water contained in the walls, a total 

repainting of the plaster will be necessary and it 

must be replaced by a natural lime mortar, which 

allows the breathing of walls and waterproofs 

them. 

 

When you want to rehabilitate a wall 

with a plaster in good general condition, you 

must check that it is well adhered to the masonry 

and if it sounds hollow in any area you must 

remove the material and apply a localized 

injection. It is important to check the cohesion of 

the mortar, rubbing the surface with strong 

pressure. 

 

For the preparation of the lime slurry, an 

electric mixer is of great help, a very fluid water 

and lime based slurry to be able to inject it 

through the pipes, filling the interior of the wall. 

 

The preparation of the joint begins with 

cutting the damaged section until a regular 

bottom is obtained, using oblique blows with 

gradines or toothed chisels, chisels, pointers or 

micro lathes. 

 

The loose fragments are cleaned with a 

brush and a jet of water, taking care not to 

unnecessarily saturate the wall, doing it up and 

down to completely remove the dust. The mortar 

for the joints must be less resistant than the 

original, so as not to modify the characteristics 

of the internal stress state of the wall. 

 

To be able to exert the pumping pressure, 

an outer coating that works as a mold or with 

temporary sheets of soluble gels based on 

silicates such as carboxymethylcellulose or 

cementitious is needed. It should be noted that 

this process presents problems when the wall has 

wall paintings where detachment of this layer or 

filtration of the grout may occur. 

 

To form the formwork, the crack must be 

superficially sealed with mud and straw mortar, 

to contain the grout inside the wall. The crack 

must be covered and embedded pipes are left 

directed towards the interior of the wall to be 

able to inject the grout. The tubes will be spaced 

between 30cm to 40cm, keeping the funnels on 

the wall until the grout fills the gaps. 

 

The tube will be slowly removed, taking 

care that the grout decreases its level and if 

necessary, inject more lime mixture into the 

tube. When finished, the hole will be covered 

with a fresh mixture of mud, sand and straw. 

 

In the event that the adobe wall has a 

thickness where the gaps cannot be covered with 

grout, it must be injected on both sides of the 

wall. It is not necessary to let the mortar dry too 

much because the lime used has hydraulic 

properties and hardens in humid environments, 

it should be considered that it lacks air inside, so 

the milk of lime will dry slowly. 
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The whitewash and water must be 

allowed to dry before subjecting the walls to any 

stress for at least a month, it will not be 

excavated nearby so as not to dislodge the wall 

and cause cracks, since lime hardens more 

slowly than mixtures with cement. Hydraulic 

lime has the ability to harden in humid 

environments and this is very useful for these 

types of repairs. 

 

 
 

Figure 7 Consolidation of adobe walls by injection of 

whitewash 

Source: (Autoconstructor, 2014) 

 

In the case of ceilings, it is common for 

the beams to be damaged by moisture and 

replacement is necessary. 

 

As for ceilings, the application of the 

technique by functional substitution of beam 

supports is common. The resistant supplements 

in beams and joists is the application of new 

flexural elements to absorb the efforts that the 

beams must withstand that are greater than their 

resistance. Wood connections or steel profiles 

are used, in different positions. 

 

Its handling depends on the design 

conditions; that is to say, the upper position is 

used when for aesthetic reasons or due to the 

existence of architectural elements it is 

convenient that they are not seen. The lower 

position is the most common for ease of 

connection and the lateral position is used as 

reinforcement of wooden beams that support 

heavy weights (Figure 8). 

 

 

 
 

Figure 8 Functional or reinforcement replacement in the 

supports affected by the decomposition of the wood 

Source: (Díaz C., 2007, p. 303) 

 

 
 

Figure 9 They are built with two elements joined with 

anchor bolts through reinforcing the beam 

Source: (Díaz C., 2007, p. 304) 

 

Mullions are used to reduce bending 

stresses in overloaded beams, wooden or steel 

beams placed transversely to the existing beams 

are used to divide the spaces, as long as there are 

good support conditions. wooden beams; a beam 

is placed in the long sense of the house-room, 

and secondary beams in the short sense. 

 

It is a system that has been used in 

Tochimilco, Puebla, especially in historic 

buildings, during the 2017 earthquake it was 

verified that the load concentrated in the center 

of the wall caused cracks due to the weight and 

the lack of adherence of the mortar caused by the 

demolition of the area where the beam was 

placed. Although in Tochimilco there are few 

buildings with wooden roofs with gabled slopes; 

it is common that the weight is not distributed 

evenly, causing significant flexing or breaking in 

the shorter walls. This situation is amplified by 

the spaces left by windows (some houses have a 

small window of 0.40 m. X 0.40 m) and doors, it 

generates a concentration of efforts, which can 

lead to shear or bending cracks in the walls. It is 

also observed in Tochimilco that wooden lintels 

are placed that improve the behavior of the 

adobe walls. 
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The buildings in Tochimilco are affected 

by weather events and the deterioration they 

produce. The deterioration of the materials of 

walls and ceilings, modify their structural 

behavior and are more vulnerable to 

earthquakes. Moisture is one of the great 

problems of constructions and in the case of 

adobe constructions it occurs due to the 

infiltration of water through the roof, walls and 

foundations.  

 

Conclusions 

 

The houses in the Mexican Republic have 

elements in common and the modifications are 

to solve weather problems and conditions of the 

land where they are built, causing the loss of 

resistance due to external actions and 

dimensional variations. However, because it is 

an architecture of the people and for the people, 

institutions such as the Public Administration of 

Mexico City and ONNCCE do not contemplate 

a regulation for adobe masonry, although the 

general specifications are applied. 

 

The biggest problem observed in the 

Popocatépetl area is the humidity that has 

deteriorated the adobe in different ways, up to 

the sandblasting or pulverization, for which the 

adobe is seen as a vulnerable material. 

 

This issue requires greater dissemination 

within university fields to awaken interest in this 

type of construction that allows its conservation 

and permanence as it is part of the construction 

tradition. 
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Abstract 

 

A photovoltaic solar power supply is presented; it 

supplies energy to the electrodes of a wastewater 

treatment prototype by electrocoagulation. The source 

will be able to supply three voltages levels 10, 20, and 

30 volts, with a current of 1000 mA. The system 

consists of an array of solar panels and Nickel Metal 

batteries. The amount of energy to be supplied by the 

solar panels is estimated, the level of storage in batteries 

is calculated and fed to the electrocoagulation system. 

The results of an experiment that operates 

independently of the power supply line and that works 

in rural areas are presented. 

 

 

 

Wastewater, Electrocoagulation, Photovoltaic solar 

energy  

Resumen 

 

Se presenta una fuente de alimentación solar 

fotovoltaica que suministra energía a los electrodos de 

un prototipo de tratamiento de aguas residuales por 

electrocoagulación. La fuente podrá suministrar tres 

niveles de tensión 10, 20 y 30 volts, con una corriente 

de 1000mA. El sistema está constituido por un arreglo 

de paneles solares y una pila de baterías de Níquel 

Metal. Se estima la cantidad de energía que deben 

suministrar los paneles solares se calcula el nivel de 

almacenamiento en baterías y se alimenta al sistema de 

electrocoagulación. Se presentan los resultados de un 

experimento que funciona de forma independiente de la 

línea de suministro energético y que es funcional en 

áreas rurales. 

 

Aguas residuales, Electrocoagulación, Energía solar 

fotovoltaica 
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Introduction 

 

Water is vital for the kingdoms, plant, animal 

and human, it is crucial in the link between 

society and the environment. The scarce and the 

bad use deteriorates the development and its 

environment. The main source of contamination 

of water bodies is constituted by residual 

discharges, especially of the domestic or 

industrial type. 70% of water bodies show some 

indication of contamination. On the other hand, 

electrocoagulation becomes a viable alternative 

to reduce the impact on the mantles and as a way 

to recover bodies of water. 

 

Electrocoagulation (EC) is a technique 

that is applied in the removal of contaminants 

from water such as: metals, organic 

contaminants, dyes, pigments, colloidal solids, 

soluble inorganic contaminants, among others. It 

has been proposed in recent years as an effective 

method of treating wastewater. EC involves the 

anodic dissolution of a metal, typically 

aluminum or iron, by supplying an electrical 

current. Followed by the phenomenon of 

hydrolysis producing flocs, which destabilize, 

add suspended particles and absorb dissolved 

pollutants. 

 

The electric current provides the energy 

that triggers a series of chemical reactions, the 

end result of which is the stability of the 

polluting molecules. When it stabilizes, it 

generates less colloidal and less emulsified or 

soluble solid particles. When this occurs, the 

contaminants form floating material, facilitating 

its removal through the floating sludge 

evacuation duct. On the other hand, the bottom 

sludge comes from the metal ions that are 

released and dispersed in the liquid medium and 

tend to form metal oxides that electrically attract 

contaminants that have been destabilized and are 

removed by the sludge evacuation duct. The 

remaining liquid is removed through the effluent 

pipeline [Arango 2012]. 

 

Since there are rural areas where there is 

no infrastructure to supply electricity to power 

the treatment process [Hernández, 2020]. 

Photovoltaic solar energy is viable to power 

small EC plants and put this process into 

operation, which can have successful results in 

its application, optimizing the factors that make 

it up, reaching the challenge of protecting, 

conserving and recovering the water resource. 

 

 
 

Figure 1 Electrocoagulation system 

Source: Own elaboration 

 

Method 

 

The photovoltaic power system must supply a 

load that demands 10, 20 and 30 Volts at 1000 

mA, in periods of time of 30, 60, 90 and 120 

minutes. The power source must provide the 

necessary and sufficient energy required by the 

loads, both with incidence of light and in the 

absence [Delgado, 2020]. For this, the current 

demand of the loads is calculated and the solar 

panels are sized [Sesma, 2020]. 

 

The power subsystem is basically 

constituted by the elements presented in Figure 

2, these are: 

 

- A primary source of energy, such as direct 

solar radiation. 

 

- A device for converting primary energy 

into electrical energy. 

 

- A device for storing electrical energy to 

meet the demands in case of overloads or 

hours without light. 

 

- A system for conditioning, charging, 

discharging, regulating and distributing 

the electrical energy generated at voltage 

levels specified by the corresponding 

loads. 

 

The solar radiation incident in the 

vicinity of our planet is 135.3 mW / cm2 [Larson 

and Wertz, 1992]. 

 

The use of solar radiation through 

photovoltaic conversion requires the use of 

batteries that use electrochemical processes 

whose typical efficiency is 75%. 



34 

Article                                                 Journal of Scientific and Technical Applications 

December 2020, Vol. 6 No.18 32-36 
 

 
ISSN 2444-4928 

ECORFAN® All rights reserved 
CANTERA-CANTERA, Luis Alberto & CALVILLO-

TÉLLEZ, Andrés. Photovoltaic solar power for a 

wastewater electrocoagulation prototype. Journal of 

Scientific and Technical Applications. 2020 

Figure 2 shows the power system, it has 

among other functions to regulate the battery 

charge drained by the solar panels. Using a 

current sensor it detects the amount of energy 

drained to the batteries and with another it 

determines how much energy it supplied to the 

electrodes. It also monitors the voltage of each 

solar panel, and the temperature of the batteries 

[Portilla, 2015].  

 
 

Batery  

Load and 
Regulation 

 
 

Distribution 
 and  

Control  

 

Electrodes 

 
 

Figure 2 Photovoltaic solar power system and 

electrocoagulation cells 

Source: Own elaboration 

 

Battery charging is done in two ways, one is 

by measuring temperature; When an increase in 

temperature is detected with respect to that of its 

environment, charging stops, as this is an 

indication that the batteries have reached their 

maximum charge. The second way is by voltage 

level, if it is the case, each cell has an increase of 

50 mV, at this moment the level detector blocks 

the charge of the solar panel, it is also 

responsible for prolonging the life of the battery 

by controlling the reason loading-unloading 

[Lindao, 2020]. 

 

Solar cells and arrays  

 

The first silicon solar cells were developed at 

Bell Laboratories in 1953 [Rauschenbach, 1980] 

and used for the first time in space application in 

1958 on the VANGUARD-1 spacecraft to 

generate electrical power. Conversion efficiency 

with silicon cells has improved from 4% 

initially, up to 20% today. Generally, a solar 

module is affected by the environment in the 

same way as an individual cell. The voltage of a 

solar cell decreases when the temperature 

increases and the current increases when the 

intensity of the radiation increases. 

 

 

 

 

Using BSFR silicon solar cells, textured 

25.0 mm x 62.0 mm area in two parallel series of 

44 cells each and mounted on a 434 mm x 419 

mm panel, and isolated from the structure with a 

50 micron kapton sheet of thickness. Cell 

efficiency is 14% at the beginning of life. The 

solar energy intercepted by the solar panel is 

185.23 W, considering cell efficiency of 14%, 

with normal incidence, plus losses due to the 

blocking diode and the wiring there is at the 

output of the solar panel at the beginning of life, 

25.2 W at a maximum power voltage of 21 V and 

a maximum current of 1.2 A. Assuming normal 

solar incidence or on two faces with panels at 

45o, the power of 25.2 W of the solar cells is 

conserved. This power is what can be distributed 

among the cells [Urquijo, 2020].  

 

Battery  

 

A sudden current demand in excess of 10% of 

the maximum conversion capacity of the solar 

cells can severely damage the cells. Therefore, 

in photovoltaic systems, which have variable 

loads, it is necessary to use rechargeable 

batteries. Batteries also serve as a power source 

in shady periods and can be recharged in sunny 

periods. Batteries must be capable of receiving 

and supplying power at different levels and at 

different times, in a large number of charge and 

discharge cycles. A high recharge efficiency is 

required, with a hermetic seal that prevents 

electrolyte loss and corrosion due to pressure 

and temperature changes. Although there are a 

variety of batteries, NiCd batteries were selected 

because they have shown good performance 

[Sanyo, 2008] 

 

Batteries have good characteristics, 

among which is a high discharge rate, minimal 

internal resistance, which in turn enables high-

speed discharge and guarantees a stable 

discharge voltage. Higher reliability with a wide 

operating temperature range. The rechargeable 

battery Sanyo HR-D of Nickel-Metal was used 

whose specifications have 1.2V total capacity 

7300 mAh [Sanyo, 2008]. 
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Energy budget  

 

Assuming 12 hours of sunlight (12 hours x 60 

minutes = 720 minutes), the solar constant in the 

vicinity of the earth has a value of 1358 W / m2.  

 

Eavailable = Ptotal  Tsol Eavailable                                       (1) 

 

Eavailable = 25.2 W x 720 min Eavailable = 18144 

Wmin  

 

Cargae = Iconsumption  Vcharge Toperation                (2) 

 

The load draws 1000 mA, 10 V, for a 

period of 90 min = 900 Wmin. 

 

The total energy absorbed by the battery 

is defined as:  

 

Eavailable = Ibat  Vbat Nbat  Tcel                     (3) 

 

E=7.3Ah*1.2V*16pilas*90minutos=210.24W  

 

Npanel = Eavailable / Epanel                       (4) 

 

Npanel=210.4W/25.2W= 8.34 panels 

 

This is the energy that the battery will store 

to meet the demand of the system. The solar 

module provides 25.2W for a period of 12 hours, 

so with 8 panels of 25.2 W you have a power of 

202.1W. If 50W panels are used, it would be 4.  

 

Results 

 

The batteries were subjected to charge-discharge 

cycles and it was verified that each cell 

maintained its 1.2 V voltage and 7300mAh 

current characteristics. Illustrated in graphic 1.  
 

 
 

Graphic 1 Charge / discharge tests to battery modules 

 

 

 

An electrical voltage of 10V of direct 

current was used in the EC system, a process 

time of 30, 60, 90 and 120 minutes, with 8 

aluminum electrodes in a monopolar 

arrangement, obtaining the measurements 

shown in graphs 2, 3 and 4. 
 

 
 

Graphic 2 Comparison of effluent and effluent 

measurements of Turbidity, applying 10 V 

Source: Own elaboration 

 

 
 

Graphic 3 Comparison of effluent and effluent 

measurements of the pH variable, applying 10 V 

Source: Own elaboration 

 

 
 

Graphic 4 Comparison of effluent and effluent 

measurements of the pH variable, applying 10 V 

Source: Own elaboration 

 

Figures 4, 5 and 6 show the behavior of 

the variable’s turbidity, pH and dissolved 

oxygen for a constant value of voltage at 10 volts 

and treatment times of 30, 60, 90 and 120 

minutes.  
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Figure 7 shows a consistent turbidity 

decrease behavior of the tests, with a greater 

decrease for the test where 10 volts were applied 

for a time of 120 minutes. 
 

 
 

Figure 7 Electrocoagulation process 
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Conclusions 

 

In this work a photovoltaic solar power supply is 

presented for the application of an 

electrocoagulation module considering the use 

of commercial components with extended range 

characteristics, since it is planned to have a 

useful life and functionality. 

 

The commitment that exists to provide 

energy to the electrodes requires making a good 

budget of energy consumption considering the 

energy captured by the solar panels and 

efficiently managing the enabling of the loads, 

when it is detected that the batteries are full. 

Efficient current and voltage control to charge 

the batteries will allow them to last longer.  

 

Using rechargeable batteries with the fast 

charging feature allows you to take advantage of 

the ability of these batteries to convert excess 

charge and recycle it when charged at a rate 

between 0.5 and 1.5C. This range is supported 

by the light and shadow cycle of the solar panel. 

There are other materials that make solar panels 

more efficient, but their cost is much higher and 

the improvement in energy collection does not 

represent a significant improvement. 

 

References 

 

Chetty, P. (1988). Satellite Technology and Its 

Applications. PA: Tab Books Inc.  

 

Delgado, A. J. S., Villalón, O. R., & Sánchez, M. 

M. L. (2020). Análisis tecno-económico de la 

operación en esquema de red inteligente y 

reserva energética en usuarios conectados a 

paneles fotovoltaicos. Red Internacional de 

Investigadores en Competitividad, 13, 736-756.  

 

Hernández García, E. (2020). Estudio de una 

instalación solar fotovoltaica para una vivienda 

unifamiliar aislada (Doctoral dissertation).  

 

Larson, W. and Wertz J., (1992). Space Mission 

Analysis and Design. California: Space 

Technology Series  

 

Lindao Suárez, W. E. (2020). Propuesta de 

diseño de un sistema de energía solar 

fotovoltaica. Caso de aplicación en casa 

comunal de Cooperativa Los Paracaidistas en la 

ciudad de Guayaquil.  

 

Portilla Álvarez, J. A. (2015). Diseño y 

Construcción de un Sistema de Control de 

Carga y Demanda para Sistemas Fotovoltaicos 

(Doctoral dissertation, Universidad 

Internacional SEK). 

 

Rauschenbach, H., (1980). Solar Cell Array 

Design Handbook. New York:VNR.  

 

Sanyo (2008). Data Sheet Nickel-Metal Hydride 

Rechargeable Batteries. Recuperado de 

https://www.interempresas.net/FeriaVirtual/Cat

alogos_y_documentos/86290/SANYO_nimh.pd

f 

 

Sesma Martínez, J. (2020). Monitorización y 

detección de fallos en una instalación solar 

fotovoltaica mediante sistema remoto.  

 

Urquijo, K. E. M., & Junior, O. H. A. (2020). 

Sensor autônomo para o controle e 

gerenciamento remoto de um sistema 

fotovoltaico (Open source-IoT). Revista 

Brasileira de Iniciação Científica, 7(2), 209-

220. 

 



 

Article                                           Journal of Scientific and Technical Applications 

       Month, Year Vol.1 No.1 1-15-[Using ECORFAN] 
 

 

 [Title in Times New Roman and Bold No. 14 in English and Spanish] 
 

 

Surname (IN UPPERCASE), Name 1st Author†*, Surname (IN UPPERCASE), Name 1st Coauthor, 

Surname (IN UPPERCASE), Name 2nd Coauthor and Surname (IN UPPERCASE), Name 3rd Coauthor 

 
Institutional Affiliation of Author including Dependency (No.10 Times New Roman and Italic) 

 

International Identification of Science - Technology and Innovation 

 

ID 1st Author: (ORC ID - Researcher ID Thomson, arXiv Author ID - PubMed Author ID - Open ID) and CVU 1st author: 

(Scholar-PNPC or SNI-CONACYT) (No.10 Times New Roman) 

 

ID 1st Coauthor: (ORC ID - Researcher ID Thomson, arXiv Author ID - PubMed Author ID - Open ID) and CVU 1st 

coauthor: (Scholar or SNI) (No.10 Times New Roman) 

 

ID 2nd Coauthor: (ORC ID - Researcher ID Thomson, arXiv Author ID - PubMed Author ID - Open ID) and CVU 2nd 

coauthor: (Scholar or SNI) (No.10 Times New Roman) 

 

ID 3rd Coauthor: (ORC ID - Researcher ID Thomson, arXiv Author ID - PubMed Author ID - Open ID) and CVU 3rd 

coauthor: (Scholar or SNI) (No.10 Times New Roman) 

 

(Report Submission Date: Month, Day, and Year); Accepted (Insert date of Acceptance: Use Only ECORFAN) 

 

 
Abstract (In English, 150-200 words) 

 

Objectives 

Methodology 

Contribution 

 

Keywords (In English) 

 

Indicate 3 keywords in Times New Roman and Bold No. 

10 

Abstract (In Spanish, 150-200 words) 

 

Objectives 

Methodology 

Contribution 

 

Keywords (In Spanish) 

 

Indicate 3 keywords in Times New Roman and Bold No. 

10 

 

 

 
 

Citation: Surname (IN UPPERCASE), Name 1st Author, Surname (IN UPPERCASE), Name 1st Coauthor, Surname (IN 

UPPERCASE), Name 2nd Coauthor and Surname (IN UPPERCASE), Name 3rd Coauthor. Paper Title. Journal of 

Scientific and Technical Applications. Year 1-1: 1-11 [Times New Roman No.10] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Correspondence to Author (example@example.org) 

† Researcher contributing as first author. 

 

 

© ECORFAN-Spain                                                                www.ecorfan.org/spain

http://www.ecorfan.org/servicios/ID-Researcher.pdf


 

Article                                           Journal of Scientific and Technical Applications 

       Month, Year Vol.1 No.1 1-15-[Using ECORFAN] 
 

  
ISSN 2444-4928 

ECORFAN® All rights reserved 
Surname (IN UPPERCASE), Name 1st Author, Surname (IN 
UPPERCASE), Name 1st Coauthor, Surname (IN UPPERCASE), Name 

2nd Coauthor and Surname (IN UPPERCASE), Name 3rd Coauthor. 

Paper Title. Journal of Scientific and Technical Applications. Year 
[Times New Roman No. 8] 

Introduction 

 

Text in Times New Roman No.12, single space. 

 

General explanation of the subject and explain 

why it is important. 

 

What is your added value with respect to other 

techniques? 

 

Clearly focus each of its features 

 

Clearly explain the problem to be solved and 

the central hypothesis. 

 

Explanation of sections Article. 

 

Development of headings and subheadings of 

the article with subsequent numbers 

 

[Title No.12 in Times New Roman, single 

spaced and bold] 

 

Products in development No.12 Times New 

Roman, single spaced. 

 

Including graphs, figures and tables-

Editable 

 

In the article content any graphic, table and 

figure should be editable formats that can 

change size, type and number of letter, for the 

purposes of edition, these must be high quality, 

not pixelated and should be noticeable even 

reducing image scale. 

 

[Indicating the title at the bottom with No.10 

and Times New Roman Bold] 

 

 
 
Graphic 1 Title and Source (in italics) 

 

Should not be images-everything must be editable. 

 

 
 

Figure 1 Title and Source (in italics) 

 

Should not be images-everything must be editable. 

 

     

     

     

     
 

Table 1 Title and Source (in italics) 

 

Should not be images-everything must be editable. 

 

Each article shall present separately in 3 

folders: a) Figures, b) Charts and c) Tables in 

.JPG format, indicating the number and 

sequential Bold Title. 

 

For the use of equations, noted as follows: 

 

Yij = α +  ∑ βhXhij
r
h=1 + uj + eij        (1) 

 

Must be editable and number aligned on the 

right side. 

 

Methodology 

 

Develop give the meaning of the variables in 

linear writing and important is the comparison 

of the used criteria. 

 

Results 

 

The results shall be by section of the article. 

 

Annexes 

 

Tables and adequate sources  

 

Thanks  

 

Indicate if they were financed by any 

institution, University or company. 

 

Conclusions 

 

Explain clearly the results and possibilities of 

improvement. 



 

Article                                           Journal of Scientific and Technical Applications 

       Month, Year Vol.1 No.1 1-15-[Using ECORFAN] 
 

  
ISSN 2444-4928 

ECORFAN® All rights reserved 
Surname (IN UPPERCASE), Name 1st Author, Surname (IN 
UPPERCASE), Name 1st Coauthor, Surname (IN UPPERCASE), Name 

2nd Coauthor and Surname (IN UPPERCASE), Name 3rd Coauthor. 

Paper Title. Journal of Scientific and Technical Applications. Year 
[Times New Roman No. 8] 

References 

 

Use APA system. Should not be numbered, nor 

with bullets, however if necessary numbering 

will be because reference or mention is made 

somewhere in the Article. 

 

Use Roman Alphabet, all references you 

have used must be in the Roman Alphabet, even 

if you have quoted an Article, book in any of 

the official languages of the United Nations 

(English, French, German, Chinese, Russian, 

Portuguese, Italian, Spanish, Arabic), you must 

write the reference in Roman script and not in 

any of the official languages. 

 

Technical Specifications 

 

Each article must submit your dates into a 

Word document (.docx): 

 

Journal Name 

Article title 

Abstract 

Keywords 

Article sections, for example: 

 

1. Introduction 

2. Description of the method 

3. Analysis from the regression demand curve 

4. Results 

5. Thanks 

6. Conclusions 

7. References 

 

Author Name (s) 

Email Correspondence to Author 

References 

 

Intellectual Property Requirements for 

editing: 

 

-Authentic Signature in Color of Originality 

Format Author and Coauthors. 

 

-Authentic Signature in Color of the 

Acceptance Format of Author and Coauthors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

http://www.ecorfan.org/pdf/Originality%20Format-Formato%20de%20Originalidad_2.pdf
http://www.ecorfan.org/pdf/Originality%20Format-Formato%20de%20Originalidad_2.pdf
http://www.ecorfan.org/pdf/Authorization%20Form-Formato%20de%20Autorizacion_2.pdf


 

 

Reservation to Editorial Policy 

 

Journal of Scientific and Technical Applications reserves the right to make editorial changes required 

to adapt the Articles to the Editorial Policy of the Journal. Once the Article is accepted in its final 

version, the Journal will send the author the proofs for review. ECORFAN® will only accept the 

correction of errata and errors or omissions arising from the editing process of the Journal, reserving in 

full the copyrights and content dissemination. No deletions, substitutions or additions that alter the 

formation of the Article will be accepted. 

 

Code of Ethics - Good Practices and Declaration of Solution to Editorial Conflicts 

  

Declaration of Originality and unpublished character of the Article, of Authors, on the obtaining 

of data and interpretation of results, Acknowledgments, Conflict of interests, Assignment of 

rights and Distribution 

 

The ECORFAN-Mexico, S.C Management claims to Authors of Articles that its content must be 

original, unpublished and of Scientific, Technological and Innovation content to be submitted for 

evaluation. 

 

The Authors signing the Article must be the same that have contributed to its conception, realization 

and development, as well as obtaining the data, interpreting the results, drafting and reviewing it. The 

Corresponding Author of the proposed Article will request the form that follows. 

 

Article title: 

 

– The sending of an Article to Journal of Scientific and Technical Applications emanates the 

commitment of the author not to submit it simultaneously to the consideration of other series 

publications for it must complement the Format of Originality for its Article, unless it is rejected 

by the Arbitration Committee, it may be withdrawn. 

 

– None of the data presented in this article has been plagiarized or invented. The original data are 

clearly distinguished from those already published. And it is known of the test in PLAGSCAN 

if a level of plagiarism is detected Positive will not proceed to arbitrate. 

 

– References are cited on which the information contained in the Article is based, as well as 

theories and data from other previously published Articles. 

 

– The authors sign the Format of Authorization for their Article to be disseminated by means that 

ECORFAN-Mexico, S.C. In its Holding Spain considers pertinent for disclosure and diffusion 

of its Article its Rights of Work. 

 

– Consent has been obtained from those who have contributed unpublished data obtained through 

verbal or written communication, and such communication and Authorship are adequately 

identified. 

 

– The Author and Co-Authors who sign this work have participated in its planning, design and 

execution, as well as in the interpretation of the results. They also critically reviewed the paper, 

approved its final version and agreed with its publication. 

 

– No signature responsible for the work has been omitted and the criteria of Scientific 

Authorization are satisfied. 

 

– The results of this Article have been interpreted objectively. Any results contrary to the point of 

view of those who sign are exposed and discussed in the Article. 

 

  



 

 

Copyright and Access 

 

The publication of this Article supposes the transfer of the copyright to ECORFAN-Mexico, SC in its 

Holding Spain for its Journal of Scientific and Technical Applications, which reserves the right to 

distribute on the Web the published version of the Article and the making available of the Article in 

This format supposes for its Authors the fulfilment of what is established in the Law of Science and 

Technology of the United Mexican States, regarding the obligation to allow access to the results of 

Scientific Research. 

Article Title: 

 

Name and Surnames of the Contact Author and the Coauthors Signature 

1.  

2.  

3.  

4.  

 

Principles of Ethics and Declaration of Solution to Editorial Conflicts 

 

Editor Responsibilities 

 

The Publisher undertakes to guarantee the confidentiality of the evaluation process, it may not disclose 

to the Arbitrators the identity of the Authors, nor may it reveal the identity of the Arbitrators at any 

time. 

 

The Editor assumes the responsibility to properly inform the Author of the stage of the editorial process 

in which the text is sent, as well as the resolutions of Double-Blind Review. 

 

The Editor should evaluate manuscripts and their intellectual content without distinction of race, 

gender, sexual orientation, religious beliefs, ethnicity, nationality, or the political philosophy of the 

Authors. 

 

The Editor and his editing team of ECORFAN® Holdings will not disclose any information about 

Articles submitted to anyone other than the corresponding Author. 

 

The Editor should make fair and impartial decisions and ensure a fair Double-Blind Review. 

 

Responsibilities of the Editorial Board 

 

The description of the peer review processes is made known by the Editorial Board in order that the 

Authors know what the evaluation criteria are and will always be willing to justify any controversy in 

the evaluation process. In case of Plagiarism Detection to the Article the Committee notifies the 

Authors for Violation to the Right of Scientific, Technological and Innovation Authorization. 

 

Responsibilities of the Arbitration Committee  

 

The Arbitrators undertake to notify about any unethical conduct by the Authors and to indicate all the 

information that may be reason to reject the publication of the Articles. In addition, they must 

undertake to keep confidential information related to the Articles they evaluate. 

 

Any manuscript received for your arbitration must be treated as confidential, should not be displayed or 

discussed with other experts, except with the permission of the Editor. 

 

The Arbitrators must be conducted objectively, any personal criticism of the Author is inappropriate. 

 

The Arbitrators must express their points of view with clarity and with valid arguments that contribute 

to the Scientific, Technological and Innovation of the Author. 

 

The Arbitrators should not evaluate manuscripts in which they have conflicts of interest and have been 

notified to the Editor before submitting the Article for Double-Blind Review. 



 

 

Responsibilities of the Authors 

 

Authors must guarantee that their articles are the product of their original work and that the data has 

been obtained ethically. 

 

Authors must ensure that they have not been previously published or that they are not considered in 

another serial publication. 

 

Authors must strictly follow the rules for the publication of Defined Articles by the Editorial Board. 

 

The authors have requested that the text in all its forms be an unethical editorial behavior and is 

unacceptable, consequently, any manuscript that incurs in plagiarism is eliminated and not considered 

for publication. 

 

Authors should cite publications that have been influential in the nature of the Article submitted to 

arbitration. 

 

Information services 

 

Indexation - Bases and Repositories 

 

LATINDEX (Scientific Journals of Latin America, Spain and Portugal) 

RESEARCH GATE (Germany) 

GOOGLE SCHOLAR (Citation indices-Google) 

REDIB (Ibero-American Network of Innovation and Scientific Knowledge- CSIC) 

MENDELEY (Bibliographic References Manager) 

 

Publishing Services 

 

Citation and Index Identification H 

Management of Originality Format and Authorization 

Testing Article with PLAGSCAN 

Article Evaluation 

Certificate of Double-Blind Review 

Article Edition 

Web layout 

Indexing and Repository 

ArticleTranslation 

Article Publication 

Certificate of Article 

Service Billing 

 

Editorial Policy and Management 

 

38 Matacerquillas, CP-28411. Moralzarzal –Madrid-España. Phones: +52 1 55 6159 2296, +52 1 55 

1260 0355, +52 1 55 6034 9181; Email: contact@ecorfan.org www.ecorfan.org 

 

  



 

 

ECORFAN® 

 

Chief Editor 

BARRERO-ROSALES, José Luis. PhD 

  

Executive Director 

RAMOS-ESCAMILLA, María. PhD 

 

Editorial Director 

PERALTA-CASTRO, Enrique. MsC 

 

Web Designer 

ESCAMILLA-BOUCHAN, Imelda. PhD 

 

Web Diagrammer 

LUNA-SOTO, Vladimir. PhD 

 

Editorial Assistant 

SORIANO-VELASCO, Jesús. BsC  

 

Translator 

DÍAZ-OCAMPO, Javier. BsC 

 

Philologist 

RAMOS-ARANCIBIA, Alejandra. BsC 

 

Advertising & Sponsorship 

 

(ECORFAN® Spain), sponsorships@ecorfan.org 

 

Site Licences 

 

03-2010-032610094200-01-For printed material ,03-2010-031613323600-01-For Electronic 

material,03-2010-032610105200-01-For Photographic material,03-2010-032610115700-14-For the 

facts Compilation,04-2010-031613323600-01-For its Web page,19502-For the Iberoamerican and 

Caribbean Indexation,20-281 HB9-For its indexation in Latin-American in Social Sciences and 

Humanities,671-For its indexing in Electronic Scientific Journals Spanish and Latin-America,7045008-

For its divulgation and edition in the Ministry of Education and Culture-Spain,25409-For its repository 

in the Biblioteca Universitaria-Madrid,16258-For its indexing in the Dialnet,20589-For its indexing in 

the edited Journals in the countries of Iberian-America and the Caribbean, 15048-For the international 

registration of Congress and Colloquiums. financingprograms@ecorfan.org 

 

Management Offices 

 

38 Matacerquillas, CP-28411. Moralzarzal –Madrid-España. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 Journal of Scientific and Technical Applications 
 
 
 
 
 

Temperature monitoring indoor based on a 6LoWPAN network 

TAMARIZ-FLORES, Edna Iliana, TORREALBA-MELÉNDEZ, 

Richard, BALBUENA-AGUILAR, Arturo and LÓPEZ-LÓPEZ, Mario 

Benemérita Universidad Autónoma de Puebla 

 

Uitsiton: wearable for mobility of the visually impaired 

BUENDÍA-MARTÍNEZ, Adrian & GALLARDO-LÓPEZ, Lizbeth 

Universidad Autónoma Metropolitana 

 

Materials for the intervention of construction systems for adobe housing 

CASTILLO-REYES, Alberto Rosendo, VÁZQUEZ-TORRES, María del 

Rayo, MORALES-ORTEGA, Alejandro and MONTERO-

URRUSQUIETA, Rubén Ángel 

Benemérita Universidad Autónoma de Puebla 

 

Photovoltaic solar power for a wastewater electrocoagulation prototype 

CANTERA-CANTERA, Luis Alberto & CALVILLO-TÉLLEZ, Andrés 

Instituto Politécnico Nacional 


