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KEYWORD ABSTRACT

Multi-Agent; This paper presents a multi-agent system that is able to search people on a database
Facial of images recognizing patterns of facial features on each person, based on the main
Recognition; features of the face (eyes, nose and mouth). Using that multi-agent architecture, the
Artificial Vision; system can do the work faster applying Fisherfaces algorithm for the face recognition
Biometrics and classification. This technology can be used for several purposes like specific ads in

each user group to suit better their interests or search for the age and gender of people
that usually go to different places like malls or shops.

1. Introduction

Facial recognition is a biometric solution that uses a series of algorithms to verify, recognize the identity or de-
scribe the main features of a person based on their physiological characteristics. This has led to the development
of different techniques that extract information from the image (Mehra and Charaya, 2016; Kas et al., 2018;
Lopez and Gonzalez, 2016) These techniques are based on analyzing the physical features of the face, aligning
those that are in an unusual position, extracting the characteristics of the image and recognizing the data in
order to classify them by sex and age. In this article we propose a searching system to solve one of the actuals
objectives of the facial recognition that is to identify the gender and age of a person through an image with the
best accuracy possible and the minor response time possible (Lopez ef al., 2017). There are other applications
such as secure electronic voting (Alim et al., 2017), smart glasses (Xu et al., 2018), robotics (Debdeep Banerjee
and Kevin Yu, 2018), user authentication (Lin et al.,2016), recognition of emotions (Yamaguchi et al, 2016).
There are also other interesting biometric solutions like ear recognition (Galdamez and Gonzalez, 2013) retinal
information (Chamoso et al., 2014).

In this work, a multi-agent system is used, composed of intelligent entities agents that are encapsulated to
coordinate, communicate, interact and cooperate with each other to solve problems that would be more difficult
to solve by a single agent. They are a part of the architecture that carry out several tasks such as answering the
user to the parameters of the search, obtaining images, recognizing the physical features of the face and obtain
an approximation to his gender and age, mix the images and classify that features to subsequently obtain an
answer to the search.

The proposed architecture is composed of 4 reactive agents (Brooks, 1986) and a mobile agent that travel
around the net to obtain the images necessary for the system. In this architecture each agent has a specific
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behavior based on its hierarchy on the system and react to the user input or the call of another agent. These
agents are created to share information and knowledge in an easy to understand way.

This paper is organized as follows: Section 2 describes the proposed architecture, Section 3 presents the
case study in which the platform is applied and the results of this implementation, and lastly, conclusions are
discussed in Section 4.

2. System Overview

The proposed system is a reactive multi-agent architecture, developed for searching a set of characteristics on
images. All the required tasks are done by separated agents, from interacting with the user who starts the search
to obtain the images, classify them and show the results. Different types of agents in multi-agent system for
selecting images based on the gender and age are ‘Controller agent’, ‘Image holder’, "age agent’, *genre agent’
and ‘recognition agent’ composing a hierarchy architecture. These agents are briefly described below.

Controller Agent

Recognition Agent Image Holder Agent
Age |dentification Agent Genre |dentification Agent

Figure 1: Architecture of the agents

e Controller Agent: Reactive agent that is responsible to manage the coordination between the user and all
the other agents. This agent reacts to the interaction with the user who wants to search for images and
takes the responsibility of activation and synchronization of the other agents. When the work is done this
agent show the results to the user.
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o Age Agent and Genre Agent: Two reactive agents that recognize the age and the gender of a person in a
photo and communicate to the other agents to prepare a reply to the answer of the user using a series of
algorithms.

e Recognition Agent: Reactive agent that apply filters to the image and coordinate the results obtained of
the age and genre agent and reply and store the answers to communicate to the users and to have a histor-
ical of queries and make the search faster.

e Image holder Agent: Goal-Based agent in charge of obtaining images, store them and providing to the
other agents to accomplish the objective of classify them.

e The communication between the different agents is developed according to the FIPA ACL, the Agent
Communication language developed by FIPA, allowing to make messages with different types of seman-
tics and information, using different performatives in each kind of message.

The facial recognition algorithm used is the one with best results in a comparison (Briones et al. 2017). This
algorithm recognizes the face based on the main features and other things like light, combined with Discrimi-
nant Lineal Fisher reduce the dimensionality and applying the bilateral filter to make the results more accurate
and preprocessing the image to align the center the face in the picture and deleting unnecessary information to
make the process faster (Belhumeur ef al., 1997).

The images are obtained from the database, uploaded in the Image holder Agent and share for the other
agents. These agents developed search for features of the face and applying a series of algorithm we calculate
an answer. We can observe in the Figure 2 the communications between the agents in order to complete the job
classification based on the genre and age. The system is developed using JADE framework, a open source avail-
able system with GNU license developed in java. JADE is compliant with the FIPA specifications. The FERET
database combined with photographs of volunteers to create a database big enough to work with.

% Controller Agent Recognitiion Agent Image Holder Agent Genre Agent Age Agent
User I I I I I
1: User Request | | | | |
I | | | |
1.1: Request() 1 } } }
1.1.1; getimages() | | |
| |
1.1.1.1: sendImages() | |
| |
| |
| |
| |
cong | |
11 nizeGenre|
I 0 ’J_ |
|
1.1.1.1.2: recognizeAge() |
i i bJ_
1.1.1.1.1.1; sendResults{}
N Il
1.1.1.1.2.1; sendResults{)
g 1
1.1.1.1.2.1.1: sendFinalResults()
| T T
| | | |
1.1.1.1.21.1.1: ShowResults ! } } }
| | | |
| | | |
o | | | | |

Figure 2: Communication between agents
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As shown on Fig. 2 all the data is controlled by the “controller agent” that is necessary for the correct behav-
ior of the whole system to recognize the age and genre of human pictures. In this “controller agent” is collected
the data typed in by the user and is send to the other agents for doing the corresponding tasks. Recognition agent
demand the photos to image holder agent and then send it to Genre and Age Agents to recognize and then send
back to them. When the work is done controller agent show the information to the user and ask for more data

to search.

Figure 3: Use of filters and preprocessing

3. Results and Conclusions

The obtained data show the results of user Fisherfaces algorithm with the preprocessing and filters used. The
success rate is not bad, but more work had to be done in this area in order to improve the results and the time
necessary to complete the search. These three completed iterations are done with a database of 120 pictures to
avoid penalizing the times of the search with a larger number of photographs. The system has proven to accom-
plish the objective of returning images with the required features.

First Search Second Search Third Search Fourth Search
Fisherfaces 64.98% 59.23% 67.35% 62.68%
Search (s) 22.94 18.25 19.02 19.84

Figure 4: percentage of success and times of response
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Please type the data you want to find: Please type the data you want to find:

Genre (M/F): Genre (M/F): f

Age (MIN): 28 Age (MIN): 30

Age (MAX):40

Age (MAX):60

Results:
IMA_02 F 33 Results:
IMA_03 F 40
IMA_04 F 26 | IMA_@2 | F | 33 |
AL E I

_ | IMA_@5 | F | 31 |

IMA_12 F 31
IMA_15 E 20 | IMA_12 | F | 31 |
IMA_16 F 24 | IMA19 | F | 37 |
IMA_19 F 37 | IMA_22 | F | 59 |
A2 | F 2 | A 23| F s
IMA_23 F 34 | IMA_24 | F | 31 |
IMA 24 | F 31 | IMA 25 | F | 44 |
IMA_26 F 24 | IMA_29 | F | 30 |
IMA_29 F 30 | IMA31 | F | 38 |
3L | F 25 | IMA41 | F | 32 |
IMA 41 F 32 | IMA_42 | F | 60 |
IMA_48 F 28 | IMA46 | F | 50 |

Please type the data you want to find: please type the data you want to find:

Genre (M/F): m Genre (M/F):

Age (MIN): 20

Age (MIN): 50
Age (MAX):30

Age (MAX):75
Results:

Results:
| IMA 01 | M | 29 |
| IMA_GE | M 129 | | IMA13 | M |53 |
| IMA 17 | M | 29 |
| IMA 27 | M | 28 | | IMA_14 | M | 63 |
| IMA 28 | M | 30 | | IMA34 | M | 50 |
| TMA32 | M |25 | | IMA38 | M | 70|
| IMA 36 | M | 30 | | IMA 43 | M | 52 |
| IMA_47 | M | 27 | | IMA45 | M | 62 |
| IMA52 | M |3 | | IMA51 | M | 57 |

Figures 5: Results of some searches

This work consists on apply a multi-agent system designed for the search of human images with a series of
requirements based on a classification of gender and age, using different filters for an improvement of the image
quality, together with the Fisherfaces algorithm, which will obtain the necessary data for a correct classifica-
tion of the images imported by the Feret database. The system allows to easily analyze these images thanks to
the communication between the different agents that each of them have a predetermined function to achieve a
common objective.

Future works in this area is our objective, to develop a system that can classify people in real time video or in
a bigger number of pictures with more complex algorithms and filters and make more efficient the multi-agent
system to decrease the time and the power necessary for the system to finish the task.
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