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Abstract—The Brazilian Ministry of Communications (MCom)
currently utilizes the Mosaico platform for managing broadcast-
ing grants. However, this platform primarily focuses on channel
data, which does not align directly with the requirements of
grant management. Consequently, there arises an imperative
need for the development of a dedicated grants management
system (GMS). To address this need effectively, it is crucial
to undertake a thorough sanitation process for channel data.
The objective is to identify errors and inconsistencies within the
records and to adapt this data to a structure tailored to broad-
casting grants. In this context, this paper presents the results of
data processing derived from a python module named Mosaico
database analysis (MDbA). The MDbA serves the purpose of
automating the detection of errors and inconsistencies within the
Mosaico channel database. It achieves this by applying predefined
processing rules, which were defined in conjunction with a MCom
team. Additionally, the module facilitates the creation of a new
data structure specifically designed for grants, referred to as the
grant data structure (GDS). As a result of the analysis conducted
by MDbA, approximately 46941 inconsistencies of various types
were identified within the Mosaico data. Moreover, leveraging
a novel methodology for aggregating channel data in grants,
approximately 23257 GDSs were established.

Index Terms—Broadcasting, data processing, grants.

I. INTRODUCTION

HROUGHOUT history, the Federal Executive Branch

has held the responsibility for attributing, renewing, and
managing broadcasting concessions in Brazil [1]. This practice
was formalized by Decree 20.047 on May 27, 1931, which
delegated the regulation of radio broadcasting activities to
the Federal Government [1]. Based on the trusteeship model
outlined in the 1934 Constitution, the state assumed the
duty of meticulously managing the electromagnetic spectrum.
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Additionally, the 1934 Constitution introduced a command-
and-control model, requiring a license to be obtained for the
use of the electromagnetic spectrum, delineating its terms of
usage [2], [3].

Substantial alterations in the administration of broadcasting
licenses transpired in 1967 with the enactment of Decree-
Laws 236 and 200 (February 25) [1]. Decree-Law 236 of
1967 imposed numerical restrictions on the ownership of
various types of broadcasting licenses and introduced a new
educational broadcasting license category [4]. Simultaneously,
Decree-Law 200 established the Ministry of Communications
(MCom), which is the government body responsible for man-
aging and renewing broadcasting licenses [5]. Another pivotal
entity in Brazilian broadcasting emerged in 1997 with the
establishment of the National Telecommunications Agency
(Anatel) [6]. As stipulated by the General Telecommunications
Law (Law 9.472 of July 1997), the MCom retains respon-
sibility for managing broadcasting grants, while Anatel is
mandated to regulate and supervise the planning and utilization
of the electromagnetic spectrum from a technical engineering
perspective [1], [2]. This management framework, whereby the
MCom handles the licensing procedures and Anatel oversees
the technical control of electromagnetic channels, remains in
effect to the present day.

The division of tasks assigned to MCom and Anatel creates
difficulties for a unified management of Brazilian broadcasting
licenses. Currently, MCom depends on data from the Mo-
saico platform for managing broadcasting licenses [7]. This
platform, however, was originally developed by Anatel to
support technical management and oversight of broadcasting
channels, providing specific information on channel charac-
teristics rather than licensing details. Consequently, there is
a misalignment between the grant-related data MCom needs
and the channel-specific information that Mosaico offers.
This discrepancy introduces technical obstacles that undermine
MCom’s efficiency in licensing management. In the absence
of a dedicated system for grant management, MCom resorts
to labor-intensive processes, manually converting and adapting
data from Mosaico to serve its licensing needs. From a grant
management perspective, an optimal solution would entail a
platform structured to accommodate grant-related data rather
than channel specifics.

In contrast to the Brazilian approach, in the United States,
the Federal Communications Commission (FCC) manages
broadcasting licenses through the licensing and management
system (LMS), which integrates technical channel data with
licensing information in a unified platform [8], [9]. Similarly,
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in Canada, the Canadian Radio-Television and Telecommuni-
cations Commission (CRTC) administers broadcasting licenses
through a dedicated system [10]. Since each country has
its own specific regulation regarding broadcasting services,
Brazil cannot adopt a foreign license management system
because it would not meet the requirements of the unique legal
framework that governs national communications.

In this context, a collaborative development initiative was
started between the MCom and the University of Brasilia
(UnB) to prototype a platform aimed at enhancing agility
and transparency in the management of broadcasting grants
in Brazil. This new platform is currently in the development
phase and, with the direct involvement of a specialized MCom
team, is being designed to meet the technical requirements for
streamlining the management of broadcasting grants. For syn-
thesis purposes, the system under development is generically
referred to throughout this work as grant management system
(GMS), as it does not yet have an official name for disclosure.

A crucial phase in the development of the GMS involves
transforming the channel-specific data stored in the Mosaico
database into grant-related information. Moreover, conducting
an analysis to identify any discrepancies is essential to ensure
the robustness and efficiency of the ongoing system in its
management capabilities. Firstly, it is necessary the automatic
identification of information inconsistencies in the Mosaico
database under the aegis of Brazil’s communications legisla-
tion. Hence, this work originally proposes the development
of a tool named Mosaico database analysis (MDbA). It is a
Python-based module which addresses the objectives of pro-
cessing, identifying inconsistencies, and converting brazilian
broadcasting channels data into the associated grant data.

The MDbA module operates on two primary data processing
fronts. Firstly, it conducts a comprehensive analysis to identify
inconsistencies and registration errors within the Mosaico
channel database. In context, Anatel relied on a system lacking
data curation functionalities until the Mosaico system was
introduced in 2016, significantly improving data quality. The
entire process of evaluating and validating information was
manual with the previous legacy system. Due to this change
in systems, only new records enjoy enhanced reliability. Thus,
it is imperative to implement processing, validation, and
sanitation procedures for unstructured broadcast data, ensuring
that future data consumption by the GMS is based on clean
data.

Secondly, the MDbA is tasked with adapting channel-
specific information into grant information. This transforma-
tion involves aggregating data from various broadcast channels
into a unified grant record, complete with a unique identifier.
Building upon this aggregation, critical information for the
ministry is derived, including the grant’s reference date, ex-
piration date, and the count of renewal cycles. It’s crucial to
note that presently, this information is computed manually,
significantly hindering the efficiency of grant management
by MCom. Furthermore, the MDbA undertakes another vital
process concerning the constraints outlined in Decree-Law
236. This process is indispensable for delineating any potential
irregularities in the boundaries of properties granted by indi-
viduals or legal entities. Therefore, the process of unifying

data into a new structure is a necessity for the future GMS,
given that a new model is needed to meet the requirements
of grant management. Furthermore, it would not be possible
to evaluate rules and perform corrections without a unified
data structure. It is important to emphasize that MDbA was
developed specifically to process and generate data related to
broadcasting licenses, such as television and radio services.
Therefore, this module is not applicable to other business
models, such as cellular and satellite communications, due to
the inherent differences in data and legal framework.

The rest of this work has the following structure. Section II
outlines the developmental stages of MDbA, beginning with
an overview of channel data in Subsection II-A, followed by
a detailed description of the validation rules implemented in
MDDbA in Subsection II-B. The process for generating grant
data is expounded upon in Subsection II-C, followed by a
explanation of the limits imposed by Decree 236, in Subsec-
tion II-D. Section III presents the numerical outcomes derived
from the research. Finally, in Section IV, the conclusions of
the work are exposed.

II. DATA PROCESSING

The process of collect and analyse data have become crucial
for governments to make informed decisions and improve
the efficiency of their operations [11]. However, realizing
the potential of government data requires a structured and
well-defined approach. In order to meet the requirements
stipulated by MCom for the development of the MDbA and
the GMS, activities were carried out to comprehend both the
business and Anatel’s data, since channel information did not
necessarily represent useful information about the grant itself.
This is where the cross-industry standard process for data
mining (CRISP-DM) model can be highly beneficial [12]. The
CRISP-DM model provides a standardized method for data
mining projects, making it particularly useful for processing
the Mosaico’s data. Government agencies can ensure that their
data evaluation activities are conducted in a methodical and
results-driven manner, ultimately leading to better governance
and public service delivery, by following the systematic ap-
proach of CRISP-DM [13]. This approach has proven to be
particularly valuable in handling complex data analysis tasks
related to areas such as public health, urban planning, and
resource allocation [14].

This model consists of six phases - business understanding
(BU), data understanding (DU), data preparation (DP), model-
ing (MO), evaluation (EV), and deployment (DE) - that guide
the entire data processing life cycle [15]. These phases are
iterative, meaning that feedback from later phases may result
in additional work in earlier phases. The first phase of the
CRISP-DM model is the BU. During this phase, the focus is
on gaining a deep understanding of the objectives, goals, and
requirements in relation to the data processing project. The
understanding of the business context is crucial in order to
align the data processing activities with the overall strategic
goals of the MCom [16]. During this phase, several meetings
were conducted between the UnB and MCom teams to outline
the requirements for the proposed GMS. The objective was
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to gain insight into the challenges encountered in managing
broadcasting grants.

In turn, the DU phase is the second stage of the method-
ology. This phase emphasizes the exploration and analysis
of the available data. This includes tasks such as collecting,
reviewing, and analyzing the data to identify any patterns,
inconsistencies, or missing values. Additionally, data profiling
and data quality assessment are conducted during this phase to
ensure that the data is suitable for further processing. Similar
to the BU phase, this stage involved periodic meetings to fa-
miliarize teams with the channel data available on the Mosaico
platform. In addition, data processing rules were established
based on the nuances of Brazilian communications legislation,
which are integral to the development of the GMS. The next
stage, the DP phase, involves tasks such as data cleaning,
transformation, integration, and formatting. During this phase,
the UnB group worked closely with the MCom team to
prepare the raw data for analysis. This included identifying
inconsistencies or missing values, as well as merging different
datasets and ensuring that the data was in the appropriate
format for further analysis and modeling.

The MO step is the fourth phase in the CRISP-DM model.
During this phase, various modeling techniques are applied to
the prepared data in order to derive meaningful insights in the
data that can inform decision-making and support the objec-
tives of the MCom in improve the management of brazilian
broadcasting. This phase involved the application of model-
ing and data processing techniques using the MDbA python
module. The module encapsulated the implementation of the
rules defined in the DU phase, facilitating the automation of
error detection and inconsistency resolution within Mosaico
records. Additionally, it encompassed the implementation of
rules governing the creation of the new grant data structure.
The last step is the EV, in which the CRISP-DM model
focuses on assessing how well the developed models meet
the business goals and criteria. During the EV phase, the UnB
tem assessed whether the rules implemented in MO stage meet
the predefined success criteria and if they are aligned with the
business goals of the MCom. Joint evaluations between teams
were conducted to validate the effectiveness and suitability of
the outcomes.

In this section, the MDbA module, developed primarily in
the DU and DP phases, is described in detail. The MDbA
Python module serves two primary objectives. Firstly, it aims
to identify inconsistencies and errors within records stored on
the Mosaico platform. Leveraging data intelligence gathered
during the DU phase, MDbA incorporates multiple rules to au-
tomate error detection. This automation empowers the MCom
team to concentrate their efforts on correcting the database,
ensuring the quality of data consumed by the ongoing GMS. A
methodology similar to the hypertext transfer protocol (HTTP)
standard return codes is employed, wherein each numerical
code is related to a specific error. The second application of
MDDbA’s data processing involves generating instances of grant
data. This process encompasses aggregating and intersecting
disparate information from associated channels to define a
structure uniquely characterized by a specific grant identifier
(GID). Details regarding broadcasting licenses are extracted

from this aggregation process, including reference and validity
dates, as well as the number of renewal cycles associated with
each license.

For better visualization and understanding, Fig. 1 presents
the MDbA process diagram. This diagram is structured accord-
ing to the business process model and notation (BPMN) [17].
In this diagram, the first two activities, represented by the two
upper blocks, are related to data verification and validation,
where multiple rules are applied to certify data adequacy.
These rules are explained in detail in Sections II-A and II-B. In
turn, in the last task, represented by the lower block in Fig. 1,
the processes of generating grant data, in addition to another
validation phase according to Decree 236, are executed. These
processes are explained in Sections II-C and II-D.

A. Channel Data Description

During the DU and DP phases, the MCom team provided
a Mosaico’s database dump, containing all the channel data
available in the platform. This dataset facilitated an in-depth
analysis of the Mosaico data structure and the development of
error detection applications in the MDbA module. The main
information contained in the channel data fields are described
below. For a more detailed view, a direct access to the Mosaico
page is recommended [7].

Each channel record is distinguished by a unique channel
identifier (CID) code predefined by Anatel. Additionally, the
telecommunications inspection fund (Fistel) code, established
in Law 5.070 of July 7, 1966 [18], plays a crucial role in
channel identification, granting the respective entity access to
invoices, inspection fees, and fines associated with spectrum
usage [19]. Mosaico also offers the basic information on
license-holding entities, including the national register of legal
entities (NRLE) and the corporate name of the corresponding
entity. In order to check legal information about entities
holding broadcasting licenses and their respective partners,
the MDbA module incorporates information from Brazilian
Federal Revenue, provided by the MCom team.

Anatel employs specific indicator codes to classify the
procedural status of broadcasting channels. A comprehensive
list of the status codes and their descriptions is detailed in
Tab. I. It can be seen that each code indicates a specific
situation in the life cycle of a broadcasting channel, which
goes through several technical and legislative processes [1].
Throughout this work, a channel will be designated as inactive
(unused) if it has a status code CO (vacant channel) or CE-01
(deleted channel)'. Otherwise, the channel is denominated as
active. Furthermore, Mosaico provides the service modality of
a broadcasting channel. In this work, the following generation
services are addressed:

o Analog television transmission (TV);

o Digital television transmission (GTVD);

e Sound transmission operating in medium waves with

amplitude modulation (OM);

'The term “inactive” used in this work does not correspond to technical
terminology. In this text, inactive channels are defined as those not currently
in use, in this case, channels with a status of CO or CE-01. However, in the
technical terminology, channels with a status in CS5 are also categorized as
inactive, as they have pending granting.
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Fig. 1. MDbA module process diagram in BPMN format.

e Sound transmission operating with frequency modulation
(FM).
In turn, ancillary retransmission services are also analyzed,
namely:

o Analog TV retransmission (RTV);

« Digital TV retransmission (RTVD);

e FM retransmission (RTRFM).

These services are detailed in Tab. IT [20].

Several observations about broadcasting services deserve
attention. The OM sound broadcasting service operates with
three coverage modes: national, regional, and local. They pri-
marily differ from the transmission power utilized by stations,
leading to varying degrees of coverage. However, due to the
superior service quality offered by FM operations, a migration
process to FM sound broadcasting was started in 2013 [21],
initially restricted to local OM services. Nevertheless, to
ensure parity in broadcasting, non-local operations could also

transition to FM operations [21]. Another important transition
process refers to the move from analogue to digital TV
services (TV to GTVD), which has begun under the provisions
of decree 5.820 of 2006 [22].

In addition to their service, channels are categorized based
on their intended purpose. Brazilian legislation recognizes four
types of broadcasting channel purposes: commercial, educa-
tional, public, and public educational [1]. In turn, the Mosaico
platform includes geographical data concerning the installation
sites of the base stations corresponding to each channel. This
data encompasses the municipality’s name and code, state
(Federative Unit - FU), and geographic coordinates. To ensure
the accuracy of this information, the MDbA module utilizes
databases supplied by the Brazilian Institute of Geography
and Statistics (IBGE). These databases contain shapefiles
(.shp format) [23] delineating the geographic boundaries
of municipalities and FUs across Brazil [24]. Furthermore,
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TABLE I
SUMMARY OF BROADCAST CHANNEL STATUS.

Status Code Status Description
co Vacant channel
Granted channel,

cl Awaiting radio frequency act

oo Granted channel,
Awaiting station data

c3 Granted channel,

Awaiting licensing
c4 Licensed channel
Fistel generated,

€3 Channel pending grant
o7 Expired radio frequency,
Awaiting radio frequency renewal act
cs Licensed channel,
Awaiting contract data
Cc99 Suspended channel
CE-01 Deleted channel

Anatel provides technical details regarding the operation of
station equipment, such as antennas and transmission lines.
Operational specifics like frequency, effective radiated power
(ERP) and radiation pattern utilized in transmissions are also
documented in Mosaico.

The channels are linked to a collection of documents per-
taining to its procedural cycles, issued by governmental bodies
such as the National Congress (NC), Anatel, and MCom itself.
These documents serve multiple purposes, including validating
transmission rights, renewing or revoking granted licenses,
and addressing fee requests and irregularities. The following
document attributes are particularly important for the MDbA
data processing: type, reason, nature, publication date, and
signature date. Access to this channel document data on the
Mosaico platform (restricted to permitted users) enables audits
and validation of multiple legislative rules applied to broad-
casting grants. Additionally, a channel’s document collection
can be categorized into two sections. The first section, termed
as historical documents (HD), constitutes the foundational
records of the channel, encompassing all documents issued
to it over time. The second section, labeled grant documents
(GD), comprises documentation pertaining to grants, including
contracts and licenses.

B. Detection of Inconsistencies and Errors in Channel Data

The MDbA module employs the object-oriented program-
ming (OOP) paradigm to manage Mosaico channel records.
The approach involves creating distinct classes for various
data types, facilitating efficient processing and the implemen-
tation of tailored functions. Consequently, individual blocks
of information are instantiated with their specific properties.
Furthermore, the design encompasses processes dedicated to
identifying and rectifying errors within Mosaic records. These
discrepancies are logged within a specialized class known as
MosaicoStatus, which comprises a numerical code and a
message that describes the nature of the detected record error.

An important data class to highlight is MosaicoID, which
serves as a central set for channel-related information and is
uniquely identified by the CID. This class consolidates all data
associated with a specific channel, bringing together various

subclasses that encompass the general data fields within the
Mosaico platform. Additionally, it incorporates specific entries
and functions, forming a mapping of a channel’s informa-
tion. By grouping this information, it becomes possible to
cross-reference multiple datasets to identify inconsistencies.
Through the utilization of this data class, errors detected
across all data fields of a broadcast channel can be aggregated
into instances of the MosaicoStatus type. Each instance
provides a clear description of the error detected.

There are two categories of rules for data validation imple-
mented in the MDbA module: simple rules (SR) and business
rules (BR). The SRs are related to elementary checks regarding
the correctness of data fields. On the other hand, the BRs
involve legislative and procedural details regarding a channel.
These were raised in the DU phase with the help of the
specialized MCom team. In Tab. III, the SRs implemented
in MDbA are described. For clarification, some observations
about the listed SRs can be made. The checks carried out
according to the rules between SR-2 and SR-9 apply IBGE
databases that include information about municipalities and
FUs in Brazilian territory. In turn, validation of an NRLE
registration in SR-10 is performed utilizing Brazil’s Federal
Revenue database. Rules SR-11 and SR-12 apply dictionaries
of the types and ratios of documents involved in broadcasting
processes. In turn, validations between SR-15 and SR-17 are
conducted to verify the dates of signature and publication of
channel-related documents.

Table IV provides a summary of the BRs integrated into the
MDDbA. These rules delineate procedural requirements across
various fields of channel data, which involve scenarios where
specific criteria must not be violated. If a non-compliance
occurs, an error alert is triggered for the respective channel
under analysis.

C. Generation of Grant Data

As previously outlined, the GMS requires a new data model
tailored to broadcasting license management. This structure
must encompass all information necessary to evaluate and
manage each broadcasting license. Integrating data from di-
verse sources is essential to developing an agile and effective
GMS.Therefore, grant data generation is initiated with the
aggregation phase, in which multiple channels data are joined
to form a grant data structure (GDS). As illustrated in Fig. 2,
the consumption of information through GDSs speeds up
and facilitates grant management due to the consumption of
information from a unified source.

According to the knowledge obtained during the DU phase,
there are two types of GDSs: composite and simple grants.
Composite GDSs are generated by the aggregation of two
active channels with distinct services and encompass licenses
relating to transition processes, such as migrations and dig-
italizations. The service combinations allowed in composite
GDSs are as follows:

1) TV channel and GTVD channel,

2) OM channel and FM channel originated from a migra-
tion process;

3) RTV channel and RTVD channel.



JOURNAL OF COMMUNICATION AND INFORMATION SYSTEMS, VOL. 39, NO.1, 2024. 210

TABLE II
SUMMARY OF THE BROADCASTING SERVICES.

Service Indicator | Service Number Service Description

TV 248 Broadcasting service intended for the transmission of sounds and images in a television analog channel

M 230 Sound broadcasting service that operates with frequency modulation (FM) in the band from 76 MHz to 108 MHz

oM 205 Sound broadcasting service that operates with amplitude modulation (AM) in the bands from

525 KHz to 1605 KHz and 1605 KHz to 1705 KHz

GTVD 247 Broadcasting service intended for the transmission of sounds and images in a television digital channel

RTV 800 Service designed to simultaneously retransmit the signals from the analog television generating station

Service designed to retransmit in the municipalities of the Legal Amazon (except capitals), simultaneously, the
RTRFM 805 . . .
FM station signals from the state capital
RTVD 801 Service designed to simultaneously retransmit the signals from the digital television generating station
No GDSs (Current process)
Mosaico Federal = 1p5p Data.
Revenue processing
MCom Manager — — — Grant Data
VO
V
< T TIFOO N
Applying GDSs
MCom Manager GDS Grant Data
=

Fig. 2. Illustration of grant management without the use of GDSs and with the application of GDSs.

TABLE IIT
SUMMARY OF THE SIMPLE RULES IMPLEMENTED IN MDBA.

Rule Code Rule Description
SR-1 Check if the field is empty
SR-2 Check the validity of geographic coordinates
SR-3 Check validity of FU registration
SR-4 Check validity of municipal registration
SR-5 Check validity of municipal code registration
Check the correspondence between the name
SR-6 P
and the municipality code
SR-7 Check correspondence between
the municipality and the FU
SR-8 Check the t:orrespo.ndence between
geographic coordinates and FU
Check the correspondence between
SR-9 . . ) .
geographic coordinates and city
SR-10 Check the validity of the NRLE registration
SR-11 Check the validity of the Fistel registration
SR-12 Check the validity of the channel purpose registration
SR-13 Check the validity of the status channel code
SR-14 Check the validity of the document type
SR-15 Check the validity of the document reason
SR-16 Check the validity of the document signature date
SR-17 Check the validity of the document publication date
Check if the publication date precedes
SR-18 o
the document signing date
SR-19 Check if the document has invalid dates
SR-20 Checks if the document signature date
precedes 01/01/1900
SR-21 Checks if the document publication date
precedes 01/01/1900

In turn, simple grants consist of a single active channel related
to an arbitrary service. Both simple and composite grants
may incorporate data from an indefinite number of inactive
channels as long as the services of the inactive channels
coincide with the active services of the grant. In addition to
service information, the aggregation of channel data in GDSs
must incorporate NRLE and municipal code (MC) data. This
is because all aggregated data within a given GDS needs to be
associated with the same NRLE and MC. This rule ensures the
unification of ownership, which is attributed to a specific entity
with a designated NRLE; and location information within a
GDS. Fig. 3 illustrates the process of aggregating channel data
into a composite GDS.

Let us formally define the channel aggregation process.
Take M as the set of all channels contained in the Mosaico
and ¢ € M is a specific channel instance, identified by a
specific CID. Furthermore, assume that the NR(c) and MC(c)
functions extract the NRLE and MC of a given channel,
respectively; and that the indicator function u(c) returns 1 if
the channel is active and O otherwise. Therefore, the set of
channels that share the same NRLE and MC is:

C(sNR, SMC) =

{c € M : NR(c) = sxg A MC(c) = sy}, (1)

where sngr and syic are arbitrary NRLE and MC sequences
and A is the logical conjunction operator. In turn, the subsets
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TABLE IV
BUSINESS RULES IMPLEMENTED IN MDBA. THE RULES CHECK FOR PROHIBITED SITUATIONS AND AN ERROR CALL IS RAISED IF THEY OCCUR.
Rule Code Rule Description
BR-1 Channels with commercial purposes cannot belong to the Federal Union
BR-2 Channels associated with a commercial NRLE cannot have a public purpose
BR-3 An entity, with a given NRLE, cannot have channels with different purposes
BR-4 Retransmission channels with status in {C1,C2,C3,C4,C8} must not have a “grant” reason ordinance in the HDs section
BR-5 Retransmission channels with status in {C1,C2,C3,C4,C8} must have a “grant” reason ordinance in the GDs section
BR-6 TV channels (TV or GTVD) with status in {C1,C2,C3,C4,C8} must have a legislative decree deliberating from the NC in the GDs section
BR-7 TV channels (TV or GTVD) with status in {C1,C2,C3,C4,C8} must not have a legislative decree deliberating from the NC in the HDs section
BR-8 Channels belonging to the Federal Union cannot have C5 status
BR-9 Channels with public purposes must not have status code C5
BR-10 Channels with status in C2 or C3 must have an authorization act for the use of radio frequency in their HDs sections
BR-11 Channels with status code in C5 must have a document with reason “Grant” reason in its HDs section
BR-12 Channels with status code in C5 must not have a document in the GDs section
BR-13 Channels with status in {C1,C2,C3,C4,C8} must have at least one decree in its HDs section
BR-14 TV or GTVD channels with status code in {C1,C2,C3,C4,C8} must have a document of type “legislative decree”
] and reason “deliberation of the NC” in the GDs section
BR-15 Public purpose channels must have a document of the type “ordinance” and reason “Consignment” in the GDs section
BR-16 Channels with status in C2 must not have a radio frequency use authorization document in their HDs sections
BR-17 RTV channels must not have status in C8
BR-18 Channels with status in C8 cannot have a public purpose
BR-19 Channels with status in C4 must have contract information
BR-20 Channels with status in C3, C4, C7 or C8 must contain information about the transmission ERP
BR-21 Channels with status in C4, C7 or C8 must contain information about the transmission equipment
/ \ as S,,, 1 < m < 10. The first three subsets correspond to ser-
vice relationships in composite grants, i.e. S; = {TV,GTVD},
NRLE @ Sz = {OM,FM*} and &5 = {RTV,RTVD}. The subsequent
MC subsets, with m > 4, are of a single element referring to
each of the services presented in Tab. II. Fig. 4 presents the
‘%9 ‘%9 ‘%9 pseudocode of the algorithm for aggregating multiple channels
Active Active Inactive Inactive Inactive in a grant set that represents a GDS.
Channel | | Channel Channel Channel Channel The procedure explained in Fig. 4 returns a list with
\ClDl #1 ClDl #2 CID #3 ClDl #4 ClDl #5/ Ng GDSs denoted as sets G,,, where each set G, contains
{ i i i at least one active channel (simple grants). Therefore, the

reference date of the n-th grant is calculated as the oldest
channel reference date among the elements of G,. From this
reference date, the grant expiration date and its number of
renewal cycles can also be calculated. According to Brazilian
Grant Data Structure broadcasting legislation, the period of validity of a grant

depends on its service: image and sound transmission services

Fig. 3. Tlustration of channel data aggregation in a composite GDS, note  (TV and GTVD) must renew their license every 15 years,
that all channels share the same NRLE and MC. while sound services (OM and FM) every 10 years. Ancillary
retransmission services (RTR, RTV and RTVD) do not expire,
thus, do not have renewal periods. From the reference date
and the renewal period, it is possible to calculate the current

Ci(snr; smc) = {c € C(snr, Smc) : u(c) =1}, (2) renewal cycle index of a grant:

il

of active and inactive channels in C(sNg, Smc) are written as

A(Gn
and Ir(gn) = \‘ (11 )Ja 4)
Co(snr, smc) = {c € C(snr, smc) s u(c) =0}, (3) ’
) ) . where A(G,,) is the grant age (expressed in years), T is the
respectively. Finally, the set S(snr,smc) represents the list corresponding renewal period and |-] is the floor function.

of services for tk}e channels contained in C.(SNR’ smc)- Based on the reference date and the renewal period, it is also
The aggregation proceeds by extracting subsets from 1, qble (o calculate the next expiration date of a grant.
C(snr,smc) that have services corresponding to compound It is important to highlight that the aggregation of channel

and simple GDSs. As pre\./iou.sly explained, COI_HPOSite grants  gata into a grant structure is an unprecedented process and,
are created from the combination of channels with the follow- o ..¢0 .o GDSs do not have a predefined GID. To resolve

ing services: {TV,GTVD}, {OM,FM*} and {RTV,RTVD},
where FM™ denotes a FM service from a migration channel. In
turn, simple grants are generated by a single channel with any
service. Therefore, ten grant reference subsets can be defined GID = {yyyymmdd}-{ccccccc}-{sss}-{v}. (5

this limitation, in the DU phase, the MCom team suggested
the following format for the grant ID:
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Input: Non-empty set C(sNgr, Smc)
Result: List of grants sets {G,, }
1 Initialize Co(snr, smc) and Ci(snr, SMC);
2 Initialize S(sngr, SMC);
3 Initializes the reference service sets S,,,m € [1,10];
4 Initialize the grants index: ¢ = 0;
5 for Sr = Sl to 310 do
6 while Sr C S(SNR, SMC) do
7 Initialize a empty grant set: G; = &;
8 Extract the first N, = card(S,) active channels
from C; (snr, Smc) with services given by S,
and allocate in Kq;
9 Extract all inactive channels from
Co(snR, smc) with services given by S, and
allocate in /Cg;

10 Add the channels to the grant set:
G+ GiU{KoUK1 };

1 Remove the channels from C(snr, SMc):
C(sNR, smc) < C(sngr, smc) \ (Ko U Ky);

12 Recalculate the set of services S(sxgr, SMcC)
based on the updated C(snr, Smc);

13 Update the grants index: ¢ < ¢ + 1;

14 end

15 end

16 Get the number of processed grants: Ng = ¢;
17 return {G,},0 <n < Ng —1;

Fig. 4. Channel data aggregation algorithm in GDSs.

The sequence in (5) is a string with 17 numerical digits. The
first part refers to the reference date of the grant, with eight
digits, followed by the seven digits sequence of the munici-
pality code and the three digits service code (c.f. Tab. II). The
last digit (v) is a check digit, calculated according to Lunh’s
algorithm [25] and used to attest to the correctness of the GID.

D. Limits of Decree 236 and Law 14.812

Decree 236 of 1967 limits the ownership of broadcasting
licenses by an entity and its partners [4]. The original text
delimits the number of grants per service, including limitations
on coverage in OM broadcasting. However, the text was mod-
ified in Law 14.812 of January 2024, revoking the coverage
limitations [26]. In this new version, limits are imposed only
by the type of media. Therefore, entities holding licenses,
and their partners, must have a maximum of 20 sound and
image broadcasting licenses (TV and GTVD) and 20 sound
broadcasting licenses (OM and FM). Ancillary retransmission
(RTV, RTVD and RTRFM) services do not count towards the
limits of the decree. It is important to highlight that limits are
imposed not only on legal entities, but also on their partners.

From the GDSs generated in MDbA, it is possible to
automatically check whether the entities and their partners
respect the limits of decree 236. Using Brazil’s Federal
Revenue database, MDbA extracts the corporate details of
entities, which may contain individuals or legal entities, and
associates them with a grant. The extracted corporate tables
have multiple levels and take into account the partners of other

partner entities in a recursive manner, resulting in a corporate
tree linked to a grant, as illustrated in Fig. 5. Therefore, all
elements of a corporate tree are seen as participants in the grant
corresponding to the root entity. As a result, the count carried
out by MDbA takes into account all members of Brazilian
broadcasting’s corporate trees.

Legal Entity

Broadcast Grant

Corporate Tree

Fig. 5. TIllustration of the relationship between an entity’s corporate tree and
a grant.

III. NUMERICAL RESULTS

This section presents numerical results relating to error
detection, generation of grant data and validation of the limits
of decree 236. During the error detection and inconsistency
identification phase of MDbA processing, the rules outlined
in Tab. IIT and Tab. IV were applied to the entire Mosaico
database, which consists of 46941 channels, comprising 27678
active and 19263 inactive channels®. It is important to empha-
size that a large scale analysis like this would be impossible
without the automated process that this work develops. Thus,
the following results are real examples of how the MCom
management can considerably improve the quality of their
duty, i.e. broadcasting grants supervision.

This study focuses on presenting detection results exclu-
sively for active channels, representing 58.9% of the Mosaico
database. Utilizing MDbA processing, a total of 46941 regis-
tration errors were identified among the 27678 active channels,
averaging 2.29 errors per channel, with a standard deviation
of 2.38. The maximum number of errors observed in one
active channel is 74. The total numbers of errors based on
SRs and BRs are 23376 and 23565, respectively. The rule
that resulted in the highest number of errors was SR-17, with
13909 occurrences. SR-17 specifically verifies the accuracy of
publication dates in various channel documents. If these dates
are incorrect or missing, an error is flagged. Additionally, BR-
5 was the most error-prone BR, with 7188 instances. This rule
verifies whether a retransmission channel with a specific status
(cf. Tab. IV) contains an ordinance with the reason “grants” in
its GDs section. If such an occurrence is detected, the system
generates the corresponding error code. A summary of the
error detection results is presented in Tab. V.

2Values considering a dump of the Mosaico database dated 03/07/2024.
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TABLE V
GENERAL SUMMARY OF REGISTRATION ERROR DETECTION IN THE
MOSAICO DATABASE.

Description Value

Total number of channels 46941

Number of active channels 27678
Number of errors on active channels 46941
Average number of errors per active channel 2.29

Max. number of errors in one channel 74
Number of errors based on SRs 23376
Number of errors based on BRs 23565
Simple rule that raised the most errors SR-17 (13909 cases)
Business rule that raised the most errors BR-5 (7188 cases)

Fig. 6 shows the frequency of occurrence of errors related
to SRs. It’s worth noting that SRs without value bars indicate
error-free records, signifying their validity. Based on SR-1,
2190 empty fields were found in the active channel data.
The fields that require the most completion refer to the type
and reason for the channel documents. In other hand, it can
be observed that the records of geographic coordinates, state
(FU) and municipality of the channels, verified in rules SR-2,
SR-3, SR-4 and SR-5, were individually recorded correctly.
Moreover, the correspondence between FU and municipality,
examined by SR-7, proves accurate across all active channels.
However, certain geographical correlations display errors, such
as those highlighted by the SR-6 rule, revealing four channels
with inconsistent municipal name and code records. Further-
more, the correspondence between geographic coordinates and
state, examined in rule SR-8, exposes 95 errors. In these
cases, the positions indicated by the coordinates fall outside
the geographic limits of the registered state.

Fig. 7 presents a heat map illustrating the distribution of er-
rors detected by the SR-8 rule across Brazilian states. Notably,
the state of Minas Gerais stands out with the highest number
of non-corresponding coordinates, totaling 17 cases. For better
visualization, Fig. 8 displays the inconsistent coordinates in
relation to the state of Minas Gerais. The presented points
indicate discrepancies, ranging from minor geographical errors
near state borders to some points located considerably far from
the border polygon, including geographic points in the ocean.
In turn, the validation of the correlation between geographic
coordinates and municipalities carried out in the SR-9 rule
raised 889 errors, that is, 889 channels have coordinate records
outside the limits of the registered municipality.

Continuing the analysis of the SRs, according to the results
of the SR-10 and SR-12 rules presented in Fig. 6, it can be
observed that the NRLE and channel purpose records do not
contain any errors. Regarding the Fistel code, the SR-11 imple-
mentation identified 11 empty records pertaining to channels
with diverse statuses in C1, C4, C5, and C7. Furthermore,
SR-13 detected only two instances of channel status records
deviating from the prescribed formatting. In these cases, the
status was incorrectly recorded as FM-C8, incorporating an
unnecessary service prefix. The correct format, standardized in
MDbA, is C8 without any additional prefix. Conversely, SR-14
processing did not reveal any inconsistencies in the records of
channel document types. However, SR-15 identified 893 errors
in the reasons provided for the documents. These errors are

SR-21F 26 | .
SR-20 33 | .
SR-19 536 | .
SR-18
SR-17
SR-16
SR-15
SR-14
SR-13 |
SR-12]|

SR — ]

13900}

783 ] -
393 | 1

SR-10
SR-9
SR-8
SR-7
SR-6 |
SR-5
SR-4
SR-3
SR-2
SR-1

Simple Rules

339 ] 1
G| 1

2190 | 1

1 1
10° 102 10
Occurrency Frequency

Fig. 6. Frequency of occurrence of implemented SRs. SRs without value bars
did not raise any errors.

Fig. 7. Heat map along the Brazilian states of the number of inconsistencies
in coordinate records based on the SR-8 rule.

characterized by deviations from a predefined dictionary of
reference reasons.

The most prevalent errors identified by SRs across the
channels pertain to document dates, as assessed by rules SR-
16 through SR-21. Specifically, SR-16 and SR-17 validate the
signature and publication dates of documents, respectively,
resulting in a total of 18,692 cases of errors detected by these
rules. In turn, the SR-18 processing did not find any key
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Fig. 8. Illustration of inconsistent coordinates for the Brazilian state of Minas
Gerais found by implementing rule SR-8.

documents dates that precede the channel reference date’. Fur-
thermore, the SR-19 rule, designed to identify documents with
both incorrect signature and publication dates by intersecting
SR-16 and SR-17, detected 536 errors. Finally, validations
performed by SR-20 and SR-21 revealed 38 signature dates
and 26 publication dates preceding the year 1900, displaying
likely typos in your records. It’s noteworthy that the high
number of errors in document dates, amounting to 19,292
cases, can be attributed to the substantial volume of documents
per channel. For instance, the most densely populated channel
contains 94 documents.

Fig. 9 provides an overview of the error detection results
based on BRs. As previously elucidated, BRs are rules tailored
to the specificities of the channels’ life cycle, allowing for the
validation of channel procedures. According to the findings
corresponding to BR-1, no active channel with commercial
purposes is associated with the Federal Union. Conversely,
BR-2 processing revealed that five channels owned by com-
mercial legal entities serve public purposes, contravening
Brazilian channel management standards. Additionally, BR-
3 processing detected 745 cases of entities operating channels
with divergent purposes. Validation of rules BR-4 and BR-5,
which pertain to retransmission channels with specific statuses
containing documents in incorrect sections, yielded a total of
7265 detections. Notably, BR-5 emerges as the most frequently
violated business rule. Furthermore, validation of rules BR-6
and BR-7, applied to sound and image transmission services
(TV or GTVD), identified a combined total of 901 errors.

Validations conducted based on BR-8 and BR-9 rules reveal
that a total of 366 public channels, either by virtue of their
purpose or their association with the Federal Union, possess
C5 status, a condition prohibited by channel legislation. More-
over, the validation between rules BR-10 and BR-16, which
address the presence of specific documents in the HDs and
GDs sections of particular channels, identified a total of 7189
inconsistencies. Notably, the BR-16 assessment was the second
most error-prone, exposing 5994 channels with inconsisten-
cies. Checks pertaining to BR-18 and BR-19 did not yield
any errors, signifying that all channels in status C8 lack public
purpose and all channels in C4 provide contract information,
respectively. Lastly, verification of technical information from

3The SR-18 processing does not take into account all documents present
in the HD section, taking into account only a set of documents with specific
types and reasons.

BR1tf 13 ] -
BR-20|
BR-19
BR-18 | 1
BR-17 | :
BR-16
BR-15 643
BR-14 |- 1
BR-13 |- 1
BR-12 262 | 1
BR-11 263 | 1
BR-10 27
BR-9 185 | 1
BR-8 181 | 1
BR-7
BR-6 584 | 1
BR-5 7188 |
BR-4 77| 1
BR-3 745 | .

BR-1 - L L
10° 10 10? 10°
Occurrency Frequency

Business Rules

Fig. 9. Frequency of occurrence of implemented BRs. BRs without value
bars did not raise any errors.

transmitters on channels with specific statuses, as per BR-20
and BR-21 rules, revealed 1117 errors.

Focusing now on the results relating to the generation
of grants sets, the MDbA processing returned a total of
23257 GDSs, comprising 15484 (67.05%) simple grants and
7773 (32.95%) compound grants. Among these, 5630 (22.5%)
grants pertain to transmission services, while the remaining
17627 (77.5%) GDSs relate to ancillary retransmission ser-
vices. The number of grants per service is detailed in Tab. VI.
Retransmission grants are the most prevalent, with RTVD
constituting 36.5% of Brazilian grants, and compound grants
of type RTV plus RTVD making up 30% of Brazilian broad-
casting. Notably, transmission services primarily comprise
FM and OM, accounting for 17.4% and 2.47% respectively.
Fig. 10 depicts the distribution of grants across Brazilian
territory. The visualization highlights a notable concentration
of broadcasting licenses in the southeastern states, particularly
in Minas Gerais, accounting for 3928 licenses. In contrast,
Amapd exhibits the lowest concentration of grants, with only
108 licenses.

Fig. 11 shows the histogram of broadcasting grants refer-
ence years, computed using the reference dates established
by the MDbA. A notable accumulation of licenses is evi-
dent from the 1980s onwards. Particularly, the period with
the highest number of granted licenses spans from 2020 to
2021, totaling 2669 grants. Additionally, Fig. 12 exhibits the
empirical cumulative distribution function (CDF) of the grants
expiration years. This analysis reveals that the majority of
grants expire by 2028. Moreover, more than 90% of currently
active grants are projected to expire by 2033. Fig. 13 presents a
histogram of the renewal cycle index for broadcasting grants.
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TABLE VI
NUMBER OF GRANTS PER SERVICE.

Grant type Service Value
TV + GTVD 452

FM + OM 348

Compound Grants RTV + RTVD 5973
Total 7773

TV 26

M 4036

OM 574

. GTVD 194
Simple Grants RTV 5051
RTRFEM 106

RTVD 8497
Total 15484
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Fig. 10. Heat map of the number of grants along the Brazilian states.

Initially, it is noticeable that 9.7% of broadcasting licenses
remain in their first cycle (index 0) and have never undergone
a renewal process. Additionally, the mode of the renewal cycle
index is concentrated at index 1, in which 36.1% of grants
having undergone renewal once. Finally, it is evident that
grants exceeding the fourth renewal cycle comprise less than
1% of the total.
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Fig. 11. Histograms of the grants reference years.

Finally, to evaluate the limits of decree 236, considering
its modifications to law 14.812, the number of grants from all
partners in Brazilian broadcasting corporate trees was counted.
In Fig. 14, a histogram for the distribution of grants per partner
is presented, emphasizing the upper limit established in the
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Fig. 12. Empirical CDF of the grants expiration years.
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Fig. 13. Histogram of the renewal cycle index.

revision by the Law 14.812. This limit restricts ownership to
a maximum of 20 licenses for sound and image transmission
(TV and GTVD) and 20 licenses for sound broadcasting (FM
and OM), totaling a maximum of 40 grants. According to the
results of the MDbA processing, no partner violates the limits
of decree 236, in which the partner closest to the limit has 17
grants.
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Fig. 14. Histogram of the number of grants per partner. The upper limit
determined by decree 236 of 40 grants (20 TV services + 20 sound services)
is highlighted.

IV. CONCLUSION

This work presented the data processing results achieved
by the Mosaico database analysis (MDbA) module, which
was developed to detect errors in the Mosaico platform for
managing Brazilian broadcasting grants. This automated as-
sessment of errors and violations allowed the Ministry of
Communications (MCom) to implement appropriate measures
for data sanitization and regulation. Besides detecting in-
consistencies, the MDbA module also aggregated channel
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data into a new, efficient structure for grant management.
This structure facilitated the extraction of critical information
regarding broadcasting grants, such as reference and validity
dates. Additionally, a fundamental verification step carried out
by the MDDbA involved checking for potential violations of the
Decree 236.

MDbA was developed specifically to handle data related
to broadcasting licenses. Thus, it is not applicable to other
business models, such as cellular or satellite communications
applications due to the different rules and legal frameworks
involved. Moreover, MDbA consumes in a static fashion
information from different databases, such as the Federal
Revenue Service and the Brazilian Institute of Geography
and Statistics (IBGE). Future work involves developing this
functionality to consume updated data directly from the source.
Based on the work conducted, the future grants management
system, still under development, is designed to utilize sanitized
data, thereby improving the efficiency and performance of
Brazilian broadcasting management. Furthermore, regulation
can be adjusted and automated through grant monitoring
methodologies, reducing the procedural analysis burden on the
MCom.
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