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Abstract—Over the years, the development of artificial intelligence has in-
fluenced the fact that the algorithms applied in video devices are renewed every 
day in their object detection area, such as pattern recognition for detecting an 
object, image, person. This research aims to identify the algorithms for detect-
ing people's image through artificial vision, and its application focused on ener-
gy management in air conditioners. The following research questions were es-
tablished: Q1: How many studies refer to algorithms based on detecting a per-
son's image? Q2: How many studies refer to energy management in air condi-
tioners based on artificial vision? Q3: Are there artificial vision techniques for 
the automatic turning on and off a device? Q4: What types of algorithms in de-
tecting a person's image based on artificial vision exist today? The search for in-
formation was based on research criteria related to the topic developed in four 
virtual libraries. This research criterion includes 213 relevant studies, including 
46 that were of interest for developing the research. This research's results de-
termine that the viola-jones algorithm shows greater effectiveness with 91.5% 
in relation to the other algorithms, followed by the HOG algorithm with 90.29% 
effectiveness. Considering the different efficiency parameters established in this 
study, we can conclude that this algorithm can be used in various applications, 
security, energy management, video surveillance and environment.  

Keywords—Energy management, detection algorithm, artificial vision, internet 
of things, sensors 

1 Introduction 

There are currently laws that collaborate in the preservation and proper use of en-
ergy to extend the useful life of the components involved, reduce consumption costs, 
and generate positive changes to the problem of excessive use of the planet's non-
renewable, natural resources. The rising technological development during the 21st 
century has increased electrical energy consumption. The creation of countless elec-
trical-electronic appliances and devices derived from the IoT (Internet of Things) - 
currently wireless connections - have made people's lives easier. Consequently, there 
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is a higher demand for electrical energy. These factors cause excessive consumption 
of it, which becomes a problem through people's misuse of electrical equipment. 

With the emergence of smart and energy-efficient technologies, the purpose is to 
manage energy[1][1][1]. Energy management is conceived as an organized and struc-
tured effort to achieve maximum efficiency in the supply, conversion, and energy 
resources usage. [1] [2] [3] That is, to achieve a more rational use of energy, which 
allows reducing its consumption without affecting comfort, productivity, quality of 
services, and, in general, without lowering the standard of living. 

The misuse of air conditioners is considered a problem at present, which has ex-
ploded exponentially, as indicated [4], who estimates that by 2030, there will be 700 
million Air Conditioners (A/C) and that by 2050 the figure will double. Based on 
these problems, one of the challenges of modern society is to go further in terms of 
using technologies that are sustainable, intelligent, efficient, and that, when synchro-
nized, provide comfort in the lifestyle of its users, to a low cost in its consumption. [5] 
[6] [7]. As [8][8]indicated by reference [8], the world is increasingly inclined towards 
artificial intelligence and the IoT, with the development and application of techniques 
that They allow people to be detected, running in various scenarios, be it surveillance, 
identification, security, automation, electrical efficiency, among others. According to 
[9], detection systems must have two parts: the selection of a method that extracts one 
of the characteristics of people (faces, actions, poses, images of people), and the de-
velopment of an efficient detection algorithm. 

Detection algorithms work in conjunction with computer vision because techniques 
must automatically analyze, recognize, and understand images and videos. As the 
authors indicate [10], [11], this has various applications, whose main task is to recog-
nize specific objects or people. [12][12]Based on the study of object detection, the 
purpose is to initiate research on the innovation of a person's face and detection [12]. 
These investigations consider development methods and techniques to detect people 
in images, bearing in mind that the study of an effective way for pattern recognition 
continues, according to [13]. 

According to [14], with technological evolution, energy management has become 
one of the main objectives of those who make usage of it, which is why systems are 
developed to collaborate with energy efficiency in places or equipment in which they 
are applied. This factor allows for the automation of the environment so that it inter-
acts with humans. That is, they work the moment they detect their presence. Other-
wise, they remain off, so as not to generate unnecessary consumption of electrical 
energy obtaining an optimal service, with less energy required, less pollution, and at a 
lower price than the current one. According to the authors [7], [15], [16], automation 
is presented as an opportunity to achieve energy efficiency by keeping under control, 
regularly and continuously the desired values of the energy consumption parameters 
of the processes that make use of it. This allows users to avoid excess consumption of 
energy resources, water, raw materials, reducing environmental pollution, and im-
proving operational safety. As a result, there are lower operating costs and improve-
ments in competitiveness. 

This research aims to identify the algorithms in the detection of people through ar-
tificial vision, and their application focused on the management of energy in air con-
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ditioners. The following research questions were established: Q1: How many studies 
refer to algorithms based on the detection of a person's image? Q2: How many studies 
refer to energy management in air conditioners based on artificial vision? Q3: Are 
there artificial vision techniques for the automatic switching on and off a device? Q4: 
What types of algorithms in detecting a person's image based on an artificial vision 
that exists today?  

This document is divided as follows: Section 2 shows the methodology for the re-
search's development. Section 3 focuses on analyzing the results obtained from the 
search for information from the questions posed for the investigation. Section 4 de-
scribes the discussion of the results obtained. Finally, there are the conclusions. 

2 Systematic Review 

This research is based on the systematic review of journals, books, and documents 
with scientific content related to the detection of people's image utilizing artificial 
vision techniques focused on the automatic on and off an air conditioning to manage 
the energy. The development of this systematic review is based on the criteria of the 
authors [17], [18], [19]. The established criteria are the following: Research planning, 
information research development, and results. 

2.1 Research planning  

As an effort to achieve the purpose of this research, the following questions are es-
tablished: Q1: How many studies refer to algorithms based on the detection of the 
image of a person?, Q2: How many studies refer to energy management in air condi-
tioners based on artificial vision?, Q3: Are there artificial vision techniques for the 
automatic switching on and off of a device?, and Q4: What types of algorithms in 
detecting a person's image based on artificial vision exist today? 

In elaborating on the information search criteria, the authors [17] were considered 
suggestions, which indicate that the research questions must relate to specific key-
words. Likewise, certain terms are identified as they encompass the subject and reflect 
on the keywords to be used as criteria in the research. 

IEEE Xplore Digital Library, Science Direct, Springer, and ACM Digital Library 
are the information sources with which the research was established. The search for 
information was developed in various ways, including logical and/or operators as 
connectors and keywords used to create the information search chain (indexed arti-
cles, journals, books, and records of conferences). 

Both inclusion and exclusion criteria were considered for this study. Based on the 
inclusion criteria, available, full-text articles in journals and books were considered. 
These articles can be from a literature review and/or systematic review, and articles 
related to research questions. The research range of these articles was from years 2015 
to 2020. 

In the exclusion criterion, after applying a manual filter based on the reading of the 
document's abstract, it is determined whether the articles coincide with the inclusion 
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criteria. In the research chain, the protocols are defined after considering the author 
[18], selecting information sources, and creating a research strategy. The following 
keywords were considered: algorithms in the detection of patterns of a person, energy 
management in air conditioning through artificial vision, component applied in air 
conditioning to improve energy efficiency, devices used in air conditioning to im-
prove energy efficiency, component applied in air conditioning, and devices used in 
air conditioning. The research considers the following specific fields: Title, Abstract, 
Keyword, Document title, Publication title, study, areas, filters. Additionally, the 
search is limited by a range of years 2015-2020. 

2.2 Information search 

Completing the information research process presented in Figure 1 considered the 
established criteria provided in the previous section. 

 
Fig. 1. Search process 

The application of the search chain completed the process of information collection 
to each of the data sources. As a result, a total of 213 relevant articles were obtained, 
see Table 1. 

Table 1.  General results of the search string 2015-2020 

Source Search area Studies 
found 

Relevant 
studies 

Main 
studies 100% 

IEEE Xplore Engineering, Energy 467 66 21 45,65 
ACM Digital 
Library Engineering, Technologies 101030 103 14 30,43 

Springer Energy, Energy efficiency, Energy policy, 
economics, and management 24620 21 4 8,70 

Science Direct Energy and Building, Thermal Engineering, 
Applied Engineering 31848 22 7 15,22 

TOTAL  148965 213 46 100 
 

20 http://www.i-joe.org



Paper—A systematic Review of Algorithms in People Images Detection Based on Artificial Vision… 

The first part of the information research was developed by reading various 
articles' summaries while fulfilling the filter function. The documents were reviewed 
and refined, eliminating those that did not match the established criteria. Thus, of the 
213 articles, 46 articles were considered primary studies for our research to obtain 
data about algorithmic models related to the detection of people's patterns and their 
possible improvement in the management of energy in air-conditioned. 

Figure 2 shows the search chain results, allowing users to compare the values 
found in each of the bibliographic sources used in our research. 

 
Fig. 2. Search string results 

2.3 Results found 

Results found that refer to Q1, on the algorithms in detection of images: This 
section shows the results found for Q1: How many studies refer to algorithms based 
on the detection of a person's image? Among the research results, 17 main articles 
related to algorithms based on the detection of patterns of a person were considered. 
Algorithms of interest were identified to describe this research. They were classified 
based on the search sources, considering the criteria, years of publication (2015-2020) 
while viewing the primary studies as a reference, as shown in Table 2. 

Table 2.  Results found by years 

Years ACM Digital Library IEEE Xplore Science Direct Springer Link 
2015 1 1 0 0 
2016 0 0 1 1 
2017 1 2 0 0 
2018 2 2 1 0 
2019 2 1 0 1 
2020 0 1 0 0 
Total 6 7 2 2 
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Table 2 indicates the year corresponding to each article found with the criteria 
mentioned in section 2.1. Figure 3 shows the articles found about the libraries and the 
years in which they were published. 

 
Fig. 3. Articles found by year 

Results found in relation to Q2, on how many studies refer to energy man-
agement in air conditioners based on artificial vision: For Q2: How many studies 
refer to energy management in air conditioners based on artificial vision? Of the arti-
cles found and described by year in Table 1, 15 articles were considered as they are 
related to energy management, technologies applied in air conditioners, and artificial 
vision with limited results. Finding a limited study allows the determination that the 
application of artificial vision techniques in relation to the Internet of Things (IoT) 
makes it feasible in this research. So, there are also air conditioners with inverter 
technology, which have a high cost according to the sector where it is used. 

Table 3 shows the results obtained in the search for information about the 
distribution by year and digital library used in this research. Additionally, Figure 4 
graphically illustrates the articles' statistical trend due to the search by years and by a 
digital library, considering the authors in reference [19]. 

Table 3.  Results found by years 

Years ACM Digital Library IEEE Xplore Science Direct Springer Link 
2015 0 1 0 1 
2016 0 1 0 0 
2017 1 1 3 0 
2018 0 1 1 0 
2019 2 1 0 0 
2020 1 1 0 0 
Total 4 6 4 1 
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Fig. 4. Articles found by year 

Table 4.  Energy management methods in air conditioners 

Methods Components Characteristics Advantage Disadvantages Ref. 

HVAC 
Systems 

Temperature 
sensors & Algo-
rithm to predict 
the use of the 
system. 

Grouping of methods 
and techniques that 
project and execute on 
the use of air concern-
ing cooling, heating, 
quality, among other 
factors. 

Tests the external and 
internal temperature of 
the site. 
Detect the number of 
people within a specific 
place to regulate the 
temperature of the site. 
It uses thermal and video 
cameras to detect occu-
pancy on site.  

Tests the external 
and internal temper-
ature of the site. 
Detect the number 
of people within a 
specific place to 
regulate the tem-
perature of the site. 
It uses thermal and 
video cameras to 
detect occupancy on 
site. 

[26], 
[27] 

 

Smart 
Thermo-
stats 

Thermostats & 
K-means Algo-
rithm. 
Energy Plus 
simulation 
software. 

Grouping of methods 
and techniques that 
project and execute on 
the use of air concern-
ing cooling, heating, 
quality, among other 
factors. 

They have a temperature 
set point and through 
temperature sensors it 
works autonomously. 
It works with pro-
grammed schedules 
through software that 
interacts with the sensor 
and the thermostat, 
through an internet 
connection. 

They work with 
schedules registered 
by the user, applying 
instructional learn-
ing. 
From time to time, 
data must be entered 
to create a “usage 
schedule”. 
 

[28], 
[29] 

Temperat
ure 
Sensor 

Temperature 
Sensor, Thermo-
stats & Tem-
perature Model-
ing, Mobile App. 
Passive Infrared 
Sensor, Thermal 
Sensor (D6T), 
Arduino Control 
Circuit Device & 
ZigBee and 
Eagle Mobile 
Software. 

They detect variations 
in air temperature and 
analyze temperature 
levels or so-called Set 
Point. 

It allows adjusting the 
temperature parameters, 
obtaining a set point, 
with a minimum value 
and a maximum value, 
being the minimum 
temperature value, which 
would include turning 
off the air, and a maxi-
mum temperature that 
would allow it to turn on. 

It allows adjusting 
the temperature 
parameters, obtain-
ing a set point, with 
a minimum value 
and a maximum 
value, being the 
minimum tempera-
ture value, which 
would include 
turning off the air, 
and a maximum 
temperature that 
would allow it to 
turn on. 

[30], 
[31] 
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Considering the authors [21], [22], Table 4 describes the characteristics, ad-
vantages, disadvantages and the tangible and intangible components related to the 
methods found, which allow an improvement in energy efficiency in air conditioning. 

Table 5.  Techniques applied for the automatic on and off an A / C 

Técniques Components Characteristics Advantages Disadvantages Ref. 

IoT (Soft-
wares) 

Raspberry Pi v3, 
Solid State Relays, 
Current Transformer 
(CT), Analog to 
Digital Converter 
(ADS1115) & Py-
thon, Amazon Ser-
vices. 
Raspberry, relays 
and SPTM module & 
Big Data algorithms. 

The IoT is based 
on the connectivity 
of the network with 
sensors, and items 
that are used daily, 
obtaining optimal 
and automated use. 

Maintains real-time 
observation of the 
components involved in 
the automatic on and off 
process of the air condi-
tioning. 
It allows you to enter 
values collected from 
the experience of users, 
in order to generate an 
environment of comfort 
based on specific sched-
ules. 

Applications and 
programs based 
on IoT, update 
the information 
entered now the 
device is con-
nected to the 
network. 

[32], 
[33] 

 

Intelligent 
components 
with ma-
chine learn-
ing 

Presence sensors, 
thermostats & iPro-
gram Software. 
OMOPSO & Soft-
ware Energy Plus 
Optimizer. 
Portable Sensor 
(SENSg) & Iterative 
EM Algorithm. 

Devices connected 
to a simulator, 
temperature, detec-
tion, movement, 
obtaining a better 
performance. 

It generates temperature 
schedules that change 
dynamically, obtaining 
continuous and automat-
ic learning through 
temperature adjustment 
optimizers. 

Generating 
temperature 
schedules re-
quires a longer 
log to create a 
schedule that 
matches the 
outside and 
inside tempera-
tures. 

[20], 
[34], 
[35] 

 
Results found for Q3: are there artificial vision techniques for the automatic 

switching on and off a device? Q3: Are there artificial vision techniques for the 
automatic switching on and off of a device? Fourteen studies related to the automatic 
switch-on and switch-off of air conditioners with the use of different types of detec-
tion sensors, considering that detection systems based on video cameras applied to air 
conditioners are limited and expensive. The authors [23], [24] express that computer 
vision, and people-tracking techniques would contribute positively to the energy man-
agement in air conditioners. Therefore, Table 5 describes methods found to optimize 
air conditioners' use, which consider the internet of things, people detection tech-
niques, and automatic learning of the components involved. These are developed 
based on artificial intelligence and its relationship with the increase of data. 

Table 6 shows the range of years related to the publication of articles found and the 
search source from which the studies originate. 
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Table 6.  Results found by years 

Years ACM Digital Library IEEE Xplore Science Direct Springer Link 
2015 0 2 0 1 
2016 0 1 0 0 
2017 0 1 0 0 
2018 3 2 0 0 
2019 1 2 0 0 
2020 0 0 1 0 
Total 4 8 1 1 
 
Results found about Q4 related to the types of algorithms in detecting a per-

son's image based on artificial vision currently exist: Regarding Q4: What types of 
algorithms in detecting a person's image based on artificial vision exist today? Five 
types of algorithms were found, as described in Table 7, with their respective charac-
teristics, advantages, and disadvantages considered in this research 

Table 7.  Types of algorithms found 

Algorithm Characteristics Advantages Disadvantages Ref. 

PCA (Prin-
cipal com-
ponent 
analysis) 

Characteristics selection algorithm 
based on the orthogonal KL 
transform to obtain a reduced set 
of variables that do not correlate 
with each other, all this from a set 
of a greater number of variables. 

High recognition rate 
and simplicity. 
Detection of the most 
correlated features to 
create a reduced vector 
with strong features. 

The dimension of the 
feature space (vector) is 
low, which means that the 
recognition rate does not 
increase. 
Sensitive to the appear-
ance of outliers. 

[36]; 
[37] 

 

HOG 
(oriented 
gradient 
histogram) 

Algorithm describing characteris-
tics, used to detect objects and 
faces through image processing, 
dividing the image into small 
regions of interest. 

Addresses issues like 
pose variations, lighting 
changes, expression 
changes, and occlusion 
for facial recognition. 

It produces a failure rate 
in detection due to the 
collection of abnormal or 
atypical data, it is consid-
ered a low failure rate. 

[38], 
[25] 

Viola-Jones 

This algorithm is based on a series 
of classifiers called Haar-like-
feactures, which allows it to be 
applied efficiently from an integral 
image in real time. 
The Viola-Jones method is better 
in terms of correlation in perfor-
mance indicators of "recognition" 
and "speed of work" fundamental 
in the search for objects in time. 

Accuracy in detecting 
hand signals and facial 
expressions at the same 
time. 
It effectively detects a 
person and can identify 
them within a database. 

It has occlusion problems 
when detecting an image. 
Problem with little solu-
tion when reducing the 
brightness omitted by 
lights or glare caused by 
the sun. 

[39]; 
[40]; 
[41] 

 

Adaboost 

Iterative algorithm whose central 
idea is to train different weak 
classifiers for the same training 
set, and then assemble these 
classifiers to form a strong classi-
fier. 

Detection error rate is 
low. 

The false detection rate is 
relatively high, due to 
occlusion and movement 
of the person. 

[42], 
[43] 

(LBP) 
Local 
Binary 
Patterns 

It's an algorithm that extracts the 
characteristics for face detection. 
Used as a texture descriptor. One 
of its main characteristics is the 
robustness to light variations. 

It's highly invariable for 
clothing and lighting. 
Good performance in 
thermal imaging. 
It can work in low light 
sources. 

Short detection distance. 
[44], 
[45] 
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Table 8 shows the parameters of the relationship for the different types of 
algorithms found, which allowed us to obtain the total efficiency of the algorithm for 
detection, considering that these results are a contribution to our research, in this case, 
if we focus on the automatic on and off of an air conditioner through techniques 
related to artificial vision. 

Table 8.  Found and related parameters between algorithm types 

Algorithm Effective 
detection 

Effective 
distance 

Recognition 
time Pattern Ligh occlusion 

involvement Ref. 

PCA 89.38% 0.75m 3.342 seg Facial recogni-
tion High [37] 

HOG 88.59% 2m - 6m 221,29 ms and 
480 pixeles 

Detection of 
actions of 
people. 

High [25] 

Viola-Jones 91% 9m 15,74 ms and 
480 pixeles 

Recognition of 
the image of a 
person, detec-
tion of hand 
and face signs. 

High [39], 
[40] 

Adaboost 64% 8m s/d Facial recogni-
tion Medium [43] 

Local Binary 
Patterns 90% 50-150 (cm) s/d Facial recogni-

tion Low [45], [46] 

 
According to the relationship of algorithms shown in Table 8, a comparison was 

made by analyzing the partial efficiency of each algorithm to obtain a total efficiency 
(as detailed in Table 9). Additionally, it is observed that the algorithms of Viola-Jones 
and Histogram of Oriented Gradients (HOG), whose main characteristic is the detec-
tion of faces, which, when mixed with other methods and algorithmic models, manag-
es to detect human actions. This includes detecting the image of a person based on 
artificial vision considering the authors [25]. 

Table 9.  Results of the total efficiency of the algorithms in detecting a person's image 

Hierarchy % 50% 25% 10% 10% 5% 100% 

Algorithms Detection 
efficiency 

Distance 
efficiency 

Recognition 
time  

efficiency 

Recognized 
pattern  

efficiency 

Light occlu-
sion efficiency 

Total efficien-
cy 

PCA 44.69% 0% 0% 5% 1% 50.69 % 
HOG 44,29% 25% 10% 10% 1% 90,29 % 
Viola-Jones 45,50 % 25% 10% 10% 1% 91,5 % 
Adaboost 32% 25% s/d 5% 3% 70 – 80 % 
LBP 45% 0% s/d 5% 5% 55 – 65 % 

 
Figures 5 and 6 show the graphs related to the statistical trend of the percentages in 

partial effectiveness regarding the Viola-Jones algorithms and the Oriented Gradients 
Histogram with greater total efficiency. 
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Fig. 5. Partial effectiveness of the HOG algorithm 

 
Fig. 6. Partial effectiveness of the Viola-Jones algorithm 

3 Analysis 

Based on the questions posed and the methodology applied, a general analysis of 
the number of studies obtained through the data sources used in this research was 
determined. Considering that IEEE Xplore was the library for which the largest num-
ber of main studies were found with 21 articles, which represent 45.65%; followed by 
ACM Digital Library with 14 studies, representing 30.43%; Science Direct with seven 
studies that contemplate 15.22%; and finally, there is Springer with four studies that 
represent 8.70%.3.1 Analysis of the algorithms found based in detecting a person's 
image. 

3.1 Analysis of the algorithms found based in detecting a person's image 

The studies that refer to Q1 were chosen to know the algorithms based on the de-
tection of a person's image, considering their efficiency related to the detection, char-
acteristics that it detects (faces, the image of a person, signs, among others). The pro-
cess of this search for information was developed by collecting studies in the four 
libraries designated for the research where 213 relevant studies were obtained. These 
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were methodically reviewed to verify their relevance to the research topic. From the 
review of relevant studies, 17 primary studies were obtained. Within these relevant 
studies, specific detection algorithms are detailed as they consider the year range of 
publication (2015-2020) and the consistency with the study subject. 

3.2 Analysis on energy management in air conditioners based on artificial 
vision 

This section refers to Q2 and details studies to propose methods that generate ener-
gy savings in air conditioners with their respective application. This is possible either 
through a temperature sensor, movement, and thermostats. There is even described 
limited information from studies that mention artificial vision as control of the igni-
tion of air conditioning systems that use cameras (either video or thermal) to fulfill the 
function of detecting people and turning on air conditioners. This applies mainly to 
large environments, such as large buildings, universities, offices, as indicated by the 
authors [22]. This provides different contextualization about the benefits such as tem-
perature control, occupancy level, and outside temperature. This section mentions 
how energy can be managed efficiently, among which electronic components that 
point towards automation stand out, making their operation intelligent, obtaining 
benefits for the equipment, and economic benefits in terms of reducing consumption 
electric. 

3.3 Analysis of artificial vision techniques for automatic switching on and off 
a device 

This section refers to the analysis of Q3, where the techniques found in the studies 
obtained through the research chain are detailed. These techniques are utilized in the 
automatization of air conditioners. Additionally, this allows efficient use of the 
equipment, generating multiple benefits, including energy-saving, optimization of the 
equipment involved, and correct use of the energy resources used in the process. In 
the search for information, other techniques that appeared among the results shown 
and that had high coincidence with this research criteria were considered. They are 
described as the trends of the current world, including the IoT and machine learning 
through algorithms based on recognizing patterns of a person or through apps con-
nected to an intelligent network. Today these techniques are widely applied in various 
fields and have significantly impacted a world that points to artificial intelligence. 

3.4 Analysis of the types of algorithms of a person's image based on artificial 
vision existing today 

Regarding Q4: What types of algorithms in detecting a person's image based on ar-
tificial vision exist today? Five types of algorithms in pattern recognition related to 
the detection of people were identified. Based on the characteristics, advantages, and 
disadvantages of these algorithms, one can describe the feasibility and effectiveness 
of detection. From this information, parameters related to detection efficiency are 

28 http://www.i-joe.org



Paper—A systematic Review of Algorithms in People Images Detection Based on Artificial Vision… 

represented with a 50% hierarchy since detection is the main parameter of the algo-
rithm's correct operation. The effective distance allows the determination of the reduc-
tion in the number of false positives or negatives along with throughout the process, 
considering a distance of 2 to 9 meters for the proper functioning of the application in 
energy management. So, if the algorithm's effective distance is in that range, you will 
obtain 25% of the total efficiency; otherwise, you will obtain 0% since the algorithm 
would have many flaws in the application. For the efficiency in the recognition time, a 
hierarchy of 10% was assigned, in view that the algorithm needs real-time detection. 
Therefore, if the recognition time is in milliseconds (ms) parameters, you will obtain 
10% efficiency; otherwise, you will get 0%. In regards to the recognized pattern, it is 
determined with a hierarchy of 10%, that this will be fulfilled as long as the algorithm 
detects the complete image of people, otherwise, if it detects only the face, the effi-
ciency will be 5%, and if it does not detect faces or images of people, the efficiency 
will be 0%, this weighting of percentages has been estimated because in an artificial 
vision for energy management in air conditioners it is preferable that it detects the 
complete image of the person. Finally, concerning the Occlusion of light, a hierarchy 
of 5% was assigned when considering the exterior lights. In case of affecting the inte-
rior lights, it is established to modify the position of the camera. These percentages 
allow the determination of their efficiency based on equation (1) and feasible criteria 
for this analysis, which is described with a percentage hierarchy and obtaining a total 
efficiency that describes the Viola-Jones algorithms with 91.5% and Histogram Ori-
ented Gradients (HOG) with 90.29%, as the most efficient. 

4 Discussion 

Regarding the four research questions posed, it was determined that in Q1, 17 main 
articles were obtained that refer to algorithms based on the detection of person's im-
age. There were various detection characteristics, all of which were based on vision, 
artificial (video cameras), starting from the recognition of signs in hands, facial ex-
pressions, and the detection of a person's image. 

Regarding Q2, there are various ways of managing energy in air conditioners, the 
main and most widely used being thermostats and temperature sensors, which act as a 
switch when opening and closing a circuit based on the user's set point. This parame-
terization function is performed manually. Several studies mention the automation of 
thermostats and various sensors that interact with air conditioners to provide comfort 
to users. In the industrial field, there are HVAC systems that cover everything related 
to air conditioning. This system tends to automate its services to provide comfort to 
users. In relation to air conditioning, several studies mention presence, temperature, 
movement sensors, and even thermal cameras that help maintain thermal comfort at 
the exact point of comfort. 

Regarding Q3, two techniques stood out within the studies obtained related to this 
question. Various investigations mentioned the same technique as the basis of their 
research, raised from different application areas. The Internet of Things (IoT) is one 
of the most common techniques nowadays. It allows managing various actions that 
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are commonly manual through the network and mobile applications, including the 
automatic on and off of an air conditioner, the detection of people, temperature, occu-
pation of the place, and other forms of automation of an A/C. On the other hand, au-
tomatic learning is applied to electronic components, mostly thermostats, allowing 
automatic temperature adjustment, saving that data to create a memory based on user 
experience. 

In regards to Q4, considering an application established in algorithms in the detec-
tion of a person's image based on the artificial vision for the management of energy in 
air conditioners, and per the results obtained by establishing a hierarchical weighting 
that allowed considering the efficiency to determine its effectiveness in the algorithms 
found. The Viola-Jones algorithms were found with 91.5% and Histogram of Oriented 
Gradients (HOG) with 90.29% of total efficiency, so it is determined that any of these 
two algorithms meet the requirements necessary for energy management. 

5 Conclusion 

With the systematic review of algorithms on detecting a person's image based on 
an artificial vision for the management of energy in air conditioners, a total of 213 
studies considered relevant were found after applying selection criteria. Finally, a 
sample of 46 was obtained as primary studies to serve as the foundation for this re-
search. This work was based on the research questions proposed in this document in 
relation to the different algorithms in the detection of people, energy management in 
air conditioners, artificial vision for the automatic on and off-air conditioners. 

Five types of algorithms were found, which are described with the respective char-
acteristics, advantages, and disadvantages, considering the use of different electronic 
devices to obtain a more exact precision according to the environment in which it is 
applicable. Various parameters, such as effective detection, effective distance, recog-
nition time, pattern detected, and occlusion effects, were also determined.  

This research shows that the detection efficiency parameter is not the only im-
portant factor to consider when making an algorithm choice. A clear example of this 
is the PCA and LBP algorithm because, even though it had a high percentage (%) of 
efficiency when detecting people, the time and distance parameters are not feasible 
compared to the other algorithms. 

The results of this research determine the viola-jones algorithm as the most effec-
tive, presenting greater effectiveness with 91.5% in relation to the other algorithms, 
followed by the HOG algorithm with 90.29% effectiveness. Thus, one can conclude 
that this algorithm could be used in various applications such as security, energy man-
agement, video surveillance, environment, etc. While considering the different effi-
ciency parameters as determined in this study. 
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