J L Journal of Geographic Information System, 2025, 17(4), 199-219
Q‘ ® Scientific : . -
Q https://www.scirp.org/journal/jgis
0 ’ Research
94¢% Publishing ISSN Online: 2151-1969
{ 2 ISSN Print: 2151-1950

Realization of a WebGIS for Remote Control
of Biometric Sensors for Facial Recognition
of Permanent Staff in an Educational
Environment: The Case of the Ministry of
National Education in Conakry, Guinea

Kakayo Hervé Kpegnel*, Mahaman Bachir Saley!, Zomi Claude Lagoboz2,
N’Guessan Marie Mireille Kouame?

!Centre Universitaire de Recherche et d’Application en Télédétection (CURAT), Université Félix Houphouét-Boigny, Abidjan,
Cote d’Ivoire
Institut de Recherche sur les Energies Nouvelles (IREN), Université Nangui Abrogoua, Abidjan, Cote d’Ivoire

Email: *herve.kpegne@gmail.com

How to cite this paper: Kpegne, K.H., Saley,
M.B., Lagobo, Z.C. and Kouame, N.M.M.
(2025) Realization of a WebGIS for Remote
Control of Biometric Sensors for Facial Recog-
nition of Permanent Staff in an Educational
Environment: The Case of the Ministry of Na-
tional Education in Conakry, Guinea. Journal
of Geographic Information System, 17, 199-
219.
https://doi.org/10.4236/jgis.2025.174010

Received: June 6, 2025
Accepted: August 3, 2025
Published: August 6, 2025

Copyright © 2025 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

(OMOMMY 0pen pcces:

Abstract

Initially focused on the earth sciences and mining resources, remote sensing
is now finding increasing applications, notably in human resources manage-
ment in public administration. This study proposes a WebGIS for real-time
tracking using geolocated biometric sensors for facial recognition, with a view
to optimizing the attendance management of MENA teachers in Conakry. The
system is based on an integrated architecture combining open-source facial
recognition sensors, a PostgreSQL/PostGIS database, a QGIS Server, and a Liz-
map Web Client interface. Each sensor, installed in a school, automatically de-
tects the teachers initially enrolled and records their clocking-in times. Data is
stored locally and then transmitted to the central server via the MQTT protocol,
with GSM/GPRS or LoRa relay in the event of failure. This infrastructure ena-
bles attendance to be mapped and controlled remotely, promoting transparency
and administrative efficiency. Analysis of facial recognition clocking-in data,
collected in nine MENA schools in Conakry for a total of 334 teachers, reveals
an overall weekly attendance rate of 80.7%, i.e., 1,348 attendances out of 1,670
expected. Of these, 73.5% were on schedule, while 26.5% showed irregularities
(late arrivals, early departures, or both). These discrepancies are mainly due
to rush-hour traffic jams, aggravated by the fact that, for economic reasons,
most teachers live in the suburbs. As for absences (19.3%), the main causes
identified are: socio-political problems (70%), social events (22%), health rea-
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sons (7%), and 1% unjustified. A notable anomaly was observed on the 2™ day
of collection with 68% absences, linked to a political demonstration by oppo-
sition parties. The integration of these data into a WebGIS system enables dy-
namic, geographical visualization of teacher presence, promoting better work-

force management and decision-making within the Ministry.

Keywords

WebGIS, Geolocated Biometric Sensors, Facial Recognition, Attendance
Management, QGIS Server, Lizmap, PostGIS, MENA, Conakry

1. Introduction

Human resources management in the public sector remains a challenge in Guinea,
particularly in education, where the monitoring of teacher attendance in Conakry
suffers from structural flaws: lack of reliable systems, red tape, falsified attendance
records, and lack of real-time monitoring. In 2015, the government tested the use
of biometric fingerprint time clocks in ministries [1] [2], but this initiative failed
due to maintenance issues, lack of data centralization, and vulnerability to field
realities. The COVID-19 crisis led to the abandonment of the device, which was
deemed risky because of the physical contact involved.

Faced with these limitations, contactless technologies such as facial recognition
coupled with geolocation in a WebGIS infrastructure are emerging as more resil-
ient alternatives. In the sub-region, several examples confirm their relevance: in
Cameroon to combat absenteeism [3], in Cote d’Ivoire to supervise pupils [4], and
in Ghana in public schools [5].

Drawing on these sub-regional lessons and the shortcomings of the previous
Guinean system, the aim of this study is to develop an interactive WebGIS for real-
time monitoring and remote control using biometric facial recognition sensors,
with a view to optimizing the management of permanent teaching staff attendance
at schools in Conakry. Specifically, this will involve:

1) Model the geographic information system by integrating biometric, spatial,
and temporal data into a coherent architecture based on a PostgreSQL/PostGIS
database;

2) Deploy biometric facial recognition sensors interfaced to a WebGIS for au-
tomatic teacher attendance registration;

3) Remote control and real-time monitoring of teaching staff via geolocated

connected sensors.

2. Presentation of the Study Area

Guinea (Conakry) is a coastal country in West Africa. It lies between latitudes
7°00'00" and 13°00'00" North and longitude 13°10' West, covering an area of 245,857
km? It is bordered to the east by Cote d’Ivoire and Mali, to the south by Liberia and
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Sierra Leone, to the west by the Atlantic Ocean and Guinea-Bissau, and to the north
by Senegal and Mali. Its capital, Conakry, the subject of this study, lies between lat-
itudes 9°24'00" and 9°42'00" North and longitudes 13°30'00" and 13°51'00" West
(Figure 1).
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Figure 1. Location of the city of Conakry.

3. Equipment and Methods

3.1. Equipment

3.1.1. Digital Data

The study was based on a set of materials and data. Vector-based geographic data,
in particular shapefiles of administrative boundaries, were supplied by INS (Na-
tional Institute of Statistics) Guinea. The BSD of the MENA provided an Excel file
containing the GPS coordinates of the schools. In addition, administrative docu-
ments (decrees, laws) from MENA (Ministry of National Education and Literacy),
METFP (Ministry of Technical Education and Vocational Training), MESRS
(Ministry of Higher Education and Scientific Research) and MFPREMA (Ministry
of the Civil Service, State Reform and Modernization of Administration) were an-
alyzed to understand the institutional framework of human resources manage-

ment.
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3.1.2. Field Equipment

The facial recognition device consists of a nano-computer (Raspberry Pi) and a
camera. There is also a GARMIN 64 GPS receiver, which was used to collect the
geographical coordinates of the various sites where the facial recognition surveil-
lance cameras involved in the study were installed. To cope with power cuts, a
photovoltaic solar power supply has been installed to ensure the continuous op-

eration of the biometric cameras.

3.1.3. Software

Software used includes QGIS Desktop for GIS management, PostgreSQL/PostGIS
for spatial data storage, and OpenCV, dlib, and face_recognition for facial recog-
nition. QGIS Server and Lizmap Web Client were used for online map publication
(Figure 2).
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(a) Biometric facial recognition (b) Central GIS Server software
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Figure 2. Central GIS server software and a facial recognition sensor.

3.2. Methode

The WebGIS developed integrates several essential modules for effectively man-
aging permanent teaching staff in Conakry, Guinea. It provides user administra-
tion, configuration of specific parameters, management of personnel information,
biometric enrolment, sensor geolocation, attendance monitoring via facial recog-
nition, and face encoding and learning. The system also tracks staff mobility, man-
ages absence notifications, facilitates face searches, and offers dynamic presence

mapping for optimized control and decision-making.

3.2.1. WebGIS Information System Modeling

Due to the complexity of the distributed, interactive system in this study, the UML
(Unified Modeling Language) method was chosen over the MERISE method,
which is considered less suitable for modeling connected architectures [6] [7]. The
WebGIS class diagram, taking into account all the modules mentioned, is shown
in Figure 3.
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Figure 3. Class diagram of the WebGIS for managing permanent teaching staff numbers.

3.2.2. Deployment of Biometric Facial Recognition Sensors

In this context, the “GUI-EDU-VISION” pilot project, called “GUInea EDUcation
VISION”, was launched to test the solution in targeted establishments. An aware-
ness-raising phase precedes deployment, to present the objectives, technology,
and guarantees concerning personal data. In the event of opposition, the Ministry
decides what action to take. Sensor data are then integrated into WebGIS for cen-

tralized, real-time spatiotemporal monitoring of teaching staff (Figure 4).
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Figure 4. Process for integrating biometric sensor information into WebGIS.

3.2.3. Remote Control and Monitoring of Teaching Staff via Connected
Facial Recognition Sensors

1) Data processing and transmission via IoT network infrastructure

The system integrates Raspberry Pi-based facial recognition sensors with GPS
modules and high-resolution 4K cameras, connected via MQTT to a central server
running QGIS Server and a PostgreSQL/PostGIS database. Sensor nodes are config-
ured to operate autonomously and send real-time event logs, including timestamp,
geolocation, and recognition status.

The facial recognition device communicates with a central GIS server via the
Message Queuing Telemetry Transport (MQTT) protocol, ensuring efficient trans-
mission of geospatial data. The process is illustrated in the following functional
block diagram (Figure 5).

Each nano-computer (e.g., Raspberry Pi), equipped with a facial recognition
camera, acts as an MQTT client. When a teacher is recognized, the score data is
encapsulated in an MQTT message in the following format:

Syntax:

[topic]: [sensor_code], [user_id], [timestamp], [latitude], [longitude], [statut]

Example:

POINTAGE: C0002, A012, 2021-05-17 14:30, 13.0451, 7.5202, present

The message, sent via the IoT network to the MQTT broker (Mosquitto), is
forwarded to the subscribed GIS server via a Python script. If the Internet is avail-
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able, the data is inserted directly into the spatial database; if not, it is stored locally
on the Raspberry Pi, then transferred once the connection has been re-established.
These data enable geolocalized, real-time monitoring of teaching staff attendance.
In addition, a backup transmission system with GSM/GPRS or LoRa relay is pro-
vided in the event of failure of the initial data transmission system based on the

IoT network.
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Figure 5. Functional synoptic diagram of geo-data centralization in an IoT network.

Given the sensitivity of the data processed, particularly biometric data, strict
personal data protection measures have been integrated into the system. The sys-
tem applies end-to-end encryption when transmitting biometric data via MQTT.
No facial images are stored on the sensors; only anonymized facial vectors are
transmitted to the central server for comparison. In addition, access to the super-
vision interfaces is reserved for authorized Ministry staff, with two-factor authen-
tication. This system complies with the recommendations of the European Gen-
eral Data Protection Regulation (GDPR) on the processing of sensitive data, alt-
hough it has not yet been officially transposed into Guinean law. A request for an
opinion has also been submitted to Guinea’s Autorité Nationale de Protection des
Données Personnelles (ANPDP), whose recommendations are aligned with those
of France’s Commission Nationale de 'Informatique et des Libertés (CNIL).

2) Analysis and display of WebGIS data

Users interact seamlessly with WebGIS, quickly accessing time and attendance
and permanent staff management data in real time. With each spatial query,
WebGIS interrogates its database to obtain relevant results for monitoring teach-

ing staff numbers. The various stages are detailed in Figure 6.
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When a user makes a spatial query, this is what happens:

e User query;

o The web server receives the request and asks the map server to execute it;

e The map server, in turn, asks the spatial database server to provide the re-
quested data;

e The DBMS extracts useful information from its data warehouse and sends it
back to the map server;

e Returns web services files (WMS, WES, WCS) to the web server;

o The web server receives the files and inserts them into an HTML page;

e The user receives this page and views it in his browser.

4. Results and Discussion

4.1. Results

4.1.1. Modeling the WebGIS Information System for Managing the
Education System’s Workforce

Setting up a WebGIS begins with system modeling, followed by implementation

in a database, and culminates in the display of data in a dynamic, interactive in-

terface (Figure 7).

4.1.2. Mapping of Conakry’s Open-Source Biometric Facial Recognition
Sensors

As part of the remote control of teaching staff using facial recognition, the first step
was to identify and locate educational establishments in Conakry (Table 1). On this
basis, a progressive sensor deployment strategy was drawn up, taking into account

staff density, geographical coverage, connectivity and the diversity of teaching levels.
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Table 1. List of open-source biometric computer vision sensor installations observed.

e Observatoire de surveillance spatiale et biométrique de I'assuité

Sensor ID School School Teaching Commune Longitude Latitude Status
name type staff Conakry
RF000001 ECOLE 1 Primaire 33 RATOMA —13.662 425  9.578 926 667 Actif
RF000002 ECOLE 2 Primaire 35 RATOMA  -13.629 156 67 9.595 573 333 Actif
RF000003 ECOLE 3 Collége 25 KALOUM  -13.714 498 33 9.507 365 Actif
RF000004 ECOLE 4 Primaire 10 MATAM —13.677 053 33 9.538 603 333 Inactif
RF000005 ECOLE 5 Primaire 26 MATOTO  -13.600 778 33 9.582 681 667 Actif
RF000006 ECOLE 6 Primaire 68 DIXINN —13.674 163 33  9.548 966 667 Actif
RF000007 ECOLE 7 Lycée 70 KALOUM -13.715568 33  9.510 853 Actif
RF000008 ECOLE 8 Primaire 30 RATOMA  -13.654 128 33 9.604 033 333 Actif
RF000009 ECOLE 9 Primaire 15 DIXINN —-13.687 601 67  9.531 575 Actif
RF000010 ECOLE 10 Primaire 32 MATAM —13.677 186 67 9.538 341 667 Actif

These nine schools were selected on the basis of three main criteria: 1) geo-
graphical distribution across Conakry’s five communes, 2) staff size (schools with
at least 15 permanent teachers), and 3) technical feasibility (availability of elec-
tricity and basic connectivity). While this selection has ensured practical deploy-
ment, it limits generalization to remote or small schools.

On this basis, the “GUI-EDU-VISION” project mobilized a total of 334 teachers
out of the 344 listed in the ten schools initially identified, representing a 97.1%
participation rate. These teachers are spread across the nine schools where the
biometric sensors have actually been installed and activated. School 4, with only

10 teachers, was excluded for reasons of size and technical constraints (Figure 8).
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Figure 8. Mapping of open-source biometric facial recognition sensors.

4.1.3. Data Acquired by Biometric Computer Vision Sensors

As soon as the open-source biometric facial recognition sensors went into pro-
duction, the first teacher clocking-in data began to flow into the remote central
GIS server. After conclusive tests on the deployment and operation of the com-
puter vision devices, Webmapping was operational for one week, confirming the
technical viability of the solution (Table 2).

Table 2. Extrait de relevé de pointage de présence des enseignants permanents.

Sensor ID Matricule Date o‘f Arrival Departure School Longitude Latitude
completion

RF000001 A0010 01/03/2021 07:14:00 17:50:00 ECOLE 1 -13.662 425  9.578 926 67

RF000001 A0023 01/03/2021 07:53:00 18:02:00 ECOLE 1 -13.662 425  9.578 926 67

RF000002 A0009 01/03/2021 07:54:00 17:10:00 ECOLE 2 —-13.629 156 67 9.595 573 333

\/\/\/\/\/
\/\/\/\/\/

RF000001 A0018 01/03/2021 08:00:00 17:51:00 ECOLE 1 —13.662 425  9.578 926 67
RF000007 A0014 01/03/2021 08:04:00 18:10:00 ECOLE7  -13.71556833  9.510 853

RF000006 A0007 01/03/2021 08:07:00 17:51:00 ECOLE6  -13.674163 33 9.548 966 667
RF000010 A0015 01/03/2021 08:08:00 17:15:00 ECOLE 10 -13.677 186 67 9.538 341 667
RF000005 A0016 01/03/2021 08:10:00 18:12:00 ECOLE5  -13.600 778 33 9.582 681 667
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4.1.4. Remote Supervision of Biometric Facial Recognition Sensors

Biometric computer vision sensors are connected objects that are monitored in
real time by WebGIS. Figure 9 shows the number of biometric clockings recorded
by 9 biometric sensors over the course of a working day and week (Monday to
Friday). Each line represents the activity of a specific sensor, making it possible to
compare their performance and detect any anomalies in operation or frequency.

What’s more, each sensor can be stopped or restarted remotely from the control

center by SMS.
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Figure 9. Supervision curves for facial recognition biometric sensors.
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Figure 10. Visualization of some daily WebGIS scores.

DOI: 10.4236/jgis.2025.174010

210 Journal of Geographic Information System


https://doi.org/10.4236/jgis.2025.174010

K. H. Kpegne et al.
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1

4.1.5. Remote Sensing of Teacher Attendance/Absences

1) Analysis of teachers’ daily attendance and absences

Figure 10(a) illustrates the low proportion of absences (5%) recorded on the first
day of check-in. Figure 10(b) reveals an abnormal rise in the absentee rate, reach-
ing 68% on the second day, due to a political disruption. The following working
days show a gradual return to normal, with a marked improvement in attendance.

2) Analysis of weekly teacher attendance and absences

Over the course of a week, 1348 biometric entries were recorded. The WebSIG
interface enabled real-time visualization of teacher registrations, late arrivals, and
absences. The mapping system highlighted punctuality rates by school and corre-
lated absences with known socio-political protest events.

These initial results show that the biometric time and attendance system has
got off to a satisfactory start overall, with an 81% attendance rate recorded at all
sites monitored. However, an absence rate of 19% was still observed during this

first week of testing (Figure 11).
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Figure 11. Weekly teacher attendance and absence report card.

4.1.6. Decision Support System for Monitoring Staffing Levels
The integration of GIS into biometric management systems is not limited to sim-

ple visualization, but represents a strategic decision-support tool for improving
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educational governance, reducing territorial inequalities, and enhancing the ef-
fectiveness of personnel management policies.

1) Classification of absences and identification of absence factors for teach-
ing staff

The sudden change in attendance required an investigation to identify the causes,
whether technical, organizational, or contextual, in order to ensure the reliability
of the biometric system. An analysis of the accumulated data enabled us to detect
recurring absences and draw out avenues for improvement.

An SMS notification system was set up to inform absent teachers and collect
their justifications. The reasons for absence were analyzed on the basis of the re-
sponses obtained.

In 9 MENA schools in Conakry, out of 1670 expected clockings for 334 teachers,
322 absences were recorded (Z.e., 19.3%). Of these, 70% were due to socio-political
factors (strikes, demonstrations, etc.), 22% to social events (weddings, christen-

ings, funerals, etc.), 7% to health problems, and 1% were unjustified (Figure 12).
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Figure 12. Classification map of weekly absence factors for teaching staff.

2) Attendance classification and identification of factors causing teachers to
be late or leave early

Figure 13 shows the weekly attendance figures recorded by facial recognition
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1

in 9 MENA schools in Conakry, for 334 teachers. Of 1670 expected clockings, 1348
were recorded (80.7% attendance). Of these, 73.5% were on time, 10.4% arrived
late, 9.1% left early, and 7% had both. These results illustrate a good overall at-
tendance record and a fine-tuned ability to track time thanks to biometrics.
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Figure 13. Teacher weekly attendance classification chart.

3) Technical performance of biometric sensors and identification of spatial
patterns of absenteeism
e Technical performance of biometric sensors

The biometric sensors used are based on the OpenCV facial recognition engine
coupled with the DIib library. In tests prior to the pilot phase, the false acceptance
rate (FAR) was estimated at 1.3%, while the false rejection rate (FRR) was 3.7%,
which is still acceptable for an educational context. However, performance was
slightly degraded by excessive light interference or partially masked faces (scarves,
glasses, hats, etc.). These limitations have been pointed out and taken into account
in the project’s technical documentation.
¢ Identification of spatial patterns of absenteeism

Over and above their technical performance, these sensors have also enabled us
to identify spatial patterns of absenteeism through automated detection of anom-

alies in clocking-in patterns. Two configurations were tested for this purpose:
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o Detecting anomalies with a fixed biometric sensor and a single camera

A single camera is installed in a secure area of the school. Teachers must go
there to register their presence. This system is suitable for schools with several
entrances and exits, but centralizes the clocking-in process in a single location.
This type of clocking in and out allows us to detect the following spatial patterns
of absenteeism (Figure 14).

Matin

| | Soir |
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.

v
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| | |— » Teacher late on arrival with early departure (e)

Figure 14. Spatial patterns of absenteeism are based on a single point at a fixed sensor.

In this case, the unjustified repetition of the absence model (b) over several
consecutive days, in the absence of an administrative act of authorization, makes
it possible to detect several anomalies, in particular fictitious teachers, teachers
who have died but are still paid, teachers who have abandoned their posts, or cases
of substitution.

e Anomaly detection with a fixed biometric sensor equipped with a single
camera

Two cameras have been installed: one at the entrance and the other at the exit
of the school. This system monitors both the arrival and departure of teachers,
providing a more complete picture of their actual presence. In addition to the spa-
tial patterns of absenteeism derived from single clocking in and out in front of a
fixed sensor, this sensor configuration also detects teachers pretending to teach
(Figure 15).

In this scenario, a teacher arrives at the school only to register his arrival, then
leaves to attend to other business outside the school, returning at the end of the
day to register his departure. From a technical point of view, he is considered pre-
sent. This strategy is often used by teachers who also work in the private sector. It
can also involve a teacher not officially assigned to a post, who comes to mark his

or her presence in order to avoid administrative sanctions.
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Figure 15. Spatial absenteeism model based on double clocking in and out.

4) Feedback from users

Qualitative feedback was given to 12 teachers and 4 headteachers, as well as
certain authorities from the Guinean civil service and Ministry of Education, at
the end of the test week. Overall, the teachers expressed a positive appreciation of
the system, underlining its deterrent effect against systematic lateness.

Post-pilot interviews with 12 teachers and 4 school principals revealed a gener-
ally positive reception. Teachers appreciated the fairness and automaticity of the
system, although some expressed initial concerns that surveillance would interfere
with their freedom, which were allayed by awareness-raising sessions and expla-
nations of the non-intrusive nature of the system. Administrators have found real-
time reporting useful for resolving attendance conflicts linked to unjustified ab-

sences and enforcing accountability.

4.2. Discussion

Accurate monitoring of staff attendance remains a major challenge in African
public education systems. Manual attendance registers are often subject to manip-
ulation, delays, and inaccuracies. To address these limitations, this project pro-
poses a low-cost, open-source WebGIS system for remote, real-time supervision
of facial recognition sensors installed in schools. It enables data centralization and
geospatial visualization for rapid analysis and targeted interventions.

This problem of attendance monitoring is part of a wider dynamic in which the
private sector focuses on efficiency, while public administration aims for effec-
tiveness, often to the detriment of optimized human resources management. In
Africa, this dichotomy contributes to administrative waste that is detrimental to
the performance of basic services, particularly in the field of education.

In this context, digital technologies such as facial recognition, biometrics (fin-
gerprints, iris) and integrated HR management software offer innovative alterna-
tives. Facial recognition enables rapid, reliable identification based on facial mor-
phological characteristics, considerably reducing identity fraud [8]. Nevertheless,
it raises legitimate questions about personal data and infrastructure costs [9]. The
system adopts end-to-end encryption without retaining raw facial images; only
anonymized feature vectors are compared locally before results are transmitted.
Data access is secured by defined roles and two-factor authentication. Although
no specific legislation yet exists in Guinea, the solution aligns with the principles
of the RGPD and the recommendations of the ANPDP.

Biometric systems, such as fingerprint or iris scans, are recognized for their re-
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liability in terms of time and attendance, but may give rise to cultural or health
concerns [10]. For their part, integrated human resources management (HRM) sys-
tems enable HR functions to be centralized and planning to be optimized through
cross-analysis [11], although their implementation requires technical skills and on-
going maintenance.

These technologies have proven their effectiveness in reducing absenteeism by
empowering agents and facilitating reassignment to underserved areas. In India,
the adoption of facial recognition has helped reduce school absenteeism [12],
while in Malaysia, biometrics has helped improve educational performance [13].

However, in African public administrations, the effective availability of these
biometric systems is often compromised by power cuts, Internet outages, and mo-
bile network failures. In Guinea, despite the commissioning of the 240 MW Kaléta
hydroelectric dam, the population’s energy needs remain insufficiently covered.
Recurrent power cuts have led to the widespread use of generators as a back-up
solution, but their cost and environmental impact limit their viability. As part of
the GUI-EDU-VISION project, solar energy has been chosen as a sustainable al-
ternative.

Several technical challenges were encountered during the pilot phase. To ensure
continuous data transmission, Raspberry Pi devices coupled to a Kannel-con-
trolled GSM dongle were installed, notably on sites 1 and 7, with satisfactory re-
sults. In the event of an Internet outage, these devices automatically transmitted
data to the central GIS server via the mobile network. An experimental alternative
using LoRa modules was also tested in the event of failure of the Internet connec-
tion and mobile networks on site: these communicated at low bit rates in a 10 to
16 km local radio loop, connected to a relay point with an Internet connection.
Finally, each sensor was equipped with a back-up power supply system based on
batteries rechargeable by solar panels, guaranteeing 8 hours’ autonomy in the
event of a prolonged outage.

Pilot projects in West Africa, supported by the World Bank and UNESCO,
combine GIS and biometrics for territorialized management of the teaching work-
force [14] [15]. The integration of geographic information systems (GIS) with bi-
ometric technologies represents a major step forward in optimizing workforce
management within the civil service. While GIS facilitates the visualization, spatial
analysis, and tracking of agents throughout the territory, biometric devices enable
the reliable, rapid, and secure identification of individuals [16].

This technological complementarity paves the way for the implementation of
automated geolocation clocking systems, which are particularly useful in environ-
ments characterized by low administrative transparency and high staff mobility,
as is often the case in several African countries [17]. Geolocated biometric devices
not only ensure the agent’s actual physical presence at his or her duty station, but
also centralize this data in databases that can be consulted remotely via mapping
platforms (GNSS/GIS), offering multi-level supervision (local, regional, national).

The combination of GIS and biometrics also facilitates the generation of statis-
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tical and spatial indicators on absenteeism, punctuality, and irregular staff move-
ments [18]. It enables the production of dynamic dashboards and the modeling of
prospective scenarios for better allocation of human resources. This approach is
also compatible with the imperatives of results-based management (RBM) and
good public governance [17] [19], as it makes data relating to the presence or ab-
sence of agents easily auditable and verifiable.

What’s more, the adoption of this technological synergy strengthens the fight
against structural dysfunctions, such as duplicate assignments, fictitious jobs, or
prolonged unjustified absences [16]. The geospatial dimension enables cross-
checks to be made between the agent’s declared location and his or her actual po-
sition at the time of clocking in, considerably reducing the possibility of fraud or
proxy representation. In short, interoperability between GIS tools and biometrics
is not simply a technological feat, but a strategic lever for modernizing public ad-
ministration. It enables evidence-based workforce management, improves trans-
parency, and promotes a more equitable distribution of human resources across
territories [17] [19].

The integration of remote sensing, GIS, and computer vision biometrics in
these fields offers considerable potential for solving a variety of problems, improv-
ing security, and facilitating resource management, particularly when spatial and
biometric data are combined for more in-depth analysis. However, it is crucial to
comply with personal privacy and data security standards when implementing
these systems. While the pilot project has demonstrated its feasibility in an urban
environment, replicating it in rural areas requires a number of adaptations, par-
ticularly in terms of energy sources and data transmission. However, the WebGIS

platform is scalable, modular, and adaptable to various educational contexts.

5. Conclusions

This study designs and tests a WebGIS linking open-source facial recognition sen-
sors installed in nine schools in Conakry to a central PostGIS/QGIS-Server plat-
form via MQTT. In just one week of operation, the system recorded 1348 teacher
clockings and produced dynamic real-time maps and dashboards on punctuality,
absences, and sensor status. The analysis attributed the majority of absences to
socio-political disruptions and delays, mainly to traffic jams. The authors argue
that the platform enhances transparency and promotes data-driven human re-
sources management within the Guinean Ministry of National Education.

This WebGIS is a strategic decision-support tool for locating, monitoring, and
managing the biometric facial recognition sensors deployed in schools in the Co-
nakry region. It enables efficient remote monitoring of time and attendance de-
vices, rigorous tracking of teaching staff attendance, and detailed analysis of ab-
senteeism dynamics. Thanks to a secure interface, authorized users can consult,
edit, and update information on sensors and teacher numbers in real time.

The implementation of an automated attendance control system based on facial

recognition, resilient to contagious diseases transmitted by physical contact (such
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as COVID-19), represents a major step forward in the modernization of human
resources management in Guinea’s education sector. By reducing cases of unjus-
tified absenteeism and promoting a more equitable distribution of staff, this sys-
tem not only reinforces administrative transparency, but also the effectiveness of
public action in the field of education.

The development of a WebGIS-based system for remote monitoring of bio-
metric attendance offers a promising solution to long-standing challenges in pub-
lic education workforce management. The system not only supports transparency
and accountability, but also enables geospatial analysis for policy and planning.
Future work will focus on extending coverage to rural areas and improving ro-
bustness in the face of infrastructure constraints. However, to guarantee its suc-
cess, it is imperative to put in place strict personal data protection mechanisms,
as well as an appropriate training program for system users.

Finally, from a broader perspective, this system could be complemented by a
pedagogical monitoring system, to check that each teacher is not only present, but
also actually fulfilling his or her teaching obligations. By integrating WebGIS with
a module for tracking courses and progress in relation to official syllabuses, deci-
sion-makers will have a comprehensive tool for educational governance, combin-

ing enrolment management, teaching quality, and accountability.
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