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Abstract: Digital music is one of the most important things in market due to the music royalties” distribution
in Korea. As the music market is transformed to the digital music market such as download the music and
streaming, the distribution of music royalties starting from online service provider (OSP) has come to be a
highly important part for music rights holders. One of the most important issues in current music royalties’
distribution in Korea is the unfair way of music royalties due to indiscriminative repeat streaming of digital
music. To prevent this, music log usage data from several OSPs was collected in day-based system, however,
there was a limit to identify detailed information on the use of music in current state. This paper analyzed the
structural problems and limitations of settlement of music royalties, and provides a structure in which there
can be transparent settlement and distribution between users and rights holders as one of the institutional
measures. We'll also propose various Al-based applications using music log usage data. The proposed system
will hopefully be used for public purposes.

Keywords: music sound source; copyright information; log data; artificial intelligence; database;
settlement; distribution

1. Introduction

Due to the development of streaming-based web services and mobile devices, the modern music
industry is becoming digital. Unlike the past where the music charts were ranked based on offline
sales of cassette tapes and CDs, now the number of downloads, streams, and media appearances are
becoming more important factors [1-3]. Compared to the analogue sales method based on offline
sales, the digital method was expected to provide a clear and efficient alternative to music royalties,
but in fact, it is difficult to assume that the settlement or distribution is transparent and efficient in
Korea due to a few reasons.

First, as the system changed from analogue to digital, the music industry also made attempts to
digitize existing music (UCI issuance). However, each online service provider (OSP), which is one of
the elements that dominate the Korean music industry, has a different UCI issued and used, so it was
not easy to unify the UClIs.

Second, there are no institutional methods for transparent settlement. For transparent settlement
of music, it is necessary to accurately collect how much the music log data have been downloaded
and streamed. The data was collected accurately for individual OSPs because OSP provided music
service; however, they were reluctant to disclose information such as the number of subscribers and
information. After several incidents and lawsuits related with music royalties, the Ministry of Culture,
Sports and Tourism, Korea Copyright Commission, and Korea Music Content Association discussed
guidelines for the log collection system in 2013 [4]. With the help of discussion, each OSP is to provide
log information to Korea Copyright Commission every day. However the log collection system needs
to be improved because of unclear management.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Third, each Association could make unsettled dividends because of unclear sales information.
In order to completely secure log collection data, additional costs are incurred, which may cause
unnecessary disputes. In fact, transparent disclosure of data increases the workload of data
generators and collectors such as trust service providers or OSPs, and there is a lack of manpower
capable of managing errors for data quality.

This study analyzes and suggests the followings for solving these problems and protecting
music users, rights holders, and public interests: 1) Analyzing the structural problems and limitations
of calculating and settling music usage, 2) Providing a structure for transparent settlement and
distribution between users and rights holders, 3) Supposing several ways based on artificial
intelligence technology to utilize the music log data for public purposes, 4) Providing alternatives to
regain transparent copyrights and trust in the music industry by presenting legislation plans.

2. Collection of Music Usage Information and Analysis of Structural Limitations

Copyright trust service providers have the authority for settlement and distribution since they
manage the rights delegated by copyright holders, music record producers, or performers. For
example, when they do settlement and distribution of music revenues to copyright holders, the
copyright trust service provider sums up the music sales volume for a certain period of time (e.g.
three months) and provide the data in the form of a report to each copyright holder. In this case, it is
difficult to figure out the settlement details because the settlement reports do not include accurate
information and there were number of complex products from OSPs in the reports. In other words,
the OSPs calculate the music sales for each user ID (not each music song) and then settle and
distribute the music sales and profits to the copyright holders (in this case copyright trust service
providers). So, there were evitable errors between music sales profit from user ID and royalties from
the song(s).

To solve this issue, the Ministry of Culture, Sports and Tourism, Korea Copyright Commission,
and Korea Music Content Association discussed guidelines for log collection, and it was decided in
2013 that each OSP is to provide log information to Korea Copyright Commission every day.
However, the log collection system was based on MOU, there is not a decent way to obtain log
information or prohibit suspension of transmission. At the moment, they agreed that the log
collection system gave information to the music ranking chart website for statistical use, and the
settlement and distribution of music royalties was performed by separated systems of Associations.
Table 1 is an example of the log item standard field.

Table 1. An example of the log item standard field.

Item Example Remarks
UCI code uci:i500-12345678-1234567890-1 -
Granted code 51234 From UCI
Sales Year/Month/Day/Time 20121001-13:05:30 Sales YYMMDD-HH:MM:SS
Service site http://www.melon.com -
Song ID 0258576 Self-categorization
Song Back in time Self-categorization
Album code 2031 -
Album name The moon embracing the sun -
Artist name Lyn -
Service code D-50 Standardization code from UCI
Distributor name Recording Industry Association i
of Korea
Distributor song code A101629692 -
Release day 20120215 Release YYYYMMDD
Producer name Pan Entertainment Agency or Producer name
ICN code ICN.201=1000077661-A101629692 -

ISRC code KR-A01-99-00137 -
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As shown in Table 1, there were five essential elements (UCI code, Song ID (from OSP), Service
code (Download/Streaming), Sell time, Asp name) for settlement and distribution of music royalties.
According to the regulations on the collection of music royalties of Korea Music Copyright
Associations, transmission royalties defines as the higher of following usage formulas using the
information [4].

Royalties = (0.7 KRW (rate per song)) x (number of uses) x (share or 700
KRW per month (rate per subscriber)) x (number of subscribers) x
(management ratio) or

M

Royalties = (Sales) x (10.5% (music royalty rate)) x management ratio
(For Korea Music Copyright Association, the management ratio is 96%)

Considering this, it seems as if the system could be operating plausibly for settlement since
music usage log data was collected by MOU and the transmission royalties are derived according to
the formula (1). However, the above system for accurate settlement and distribution of royalties has
a few deficiencies due to the several reasons.

First of all, there was an inherent problem with the log collection system. The music usage log
information, which is transmitted from major OSPs in Korea on a daily basis based on MOU without
institutional support by law, was originally used for statistical use. Therefore, for the issue of
settlement, major OSPs delivered the transmission royalties to the each Association based on the
above formula and announced sales data. Each Association distributed the royalties based on the
portion of music right holders. However, the transmitted music usage log data from OSPs was song-
based sales data; the information collected from the log collection system is to show how many times
certain music is streamed or downloaded at a certain time, not information on which music the users
listened to, and how many times they did. Therefore, it is highly difficult to confirm whether the data
was accurate since actual sales data was done by monthly payment per user ID. Moreover, only
domestic major OSPs were participating in MOU while global operators such as Google, Apple, and
Spotity, etc. are not participating.

The second problem was originated from the profit distribution structure that is focused on big
production companies or OSPs. Figure 1 shows an example of the profit distribution structure of
streaming music. When the streaming music royalty per song was 7 KRW, the royalty of the copyright
holders (lyricist, composer, and arranger) will be 0.62 KRW, while the OSP and the Korea Music
Copyright Association will receive 2.45 KRW and 0.7 KRW, respectively [5]. In other words, a
substantial amount of the revenue from music sales is likely to be given to major OSPs or famous
music record producers (intermediate distributors). Therefore, individual music copyright holders
rely on the trust of the copyright trust service providers, and it makes the transmission royalties to
be manipulated [6].
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Figure 1. An example of the music streaming service revenue share.

The third problem may arise from the Personal Information Protection Act. When individual
right holder requested the detail report of transmission royalty of music to the Association which
plays role in having authority of settlement and distribution of royalty from individual right holder,
the report was asked by the Association to major OSPs. However, there were number of complex
product music sales in OSPs, so individual right holder could not expect an accurate detailed report.
The music sales information, number of subscribers, and subscriber details are key elements that are
related to major OSP’s profits, so they may not provide such data accurately. Currently, music usage
information was not disclosed to the general public and researchers, and it was not disclosed in detail
to even the copyright holders.

The aforementioned problems could be solved by forcing amendment of law, which is to
calculate sales by obtaining both subscriber information of OSPs and PG information of OSPs.
However, the information is each OSP’s business key information that is related to their profits, so
many different interests were entangled in this information.

3. Suggesting a Settlement-Distribution Structure for Music Usage

This study suggests the following alternative structure using the existing log collection system
to settle and distribute the royalties for music usage. Because the music rights holders have the right
to access the music usage status and information of the rights holders, so this structure will be one of
the efficient ways to perform transparent settlement and distribution of royalties.

Figure 2 shows the proposed settlement-distribution structure based on meta-log information
analysis. This structure consists of three modules, meta-log information analysis module, settlement
module, and distribution module. Those modules could be successfully constructed by spontaneous
request of music right holders.
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Figure 2. Proposed settlement-distribution structure based on meta-log information analysis.

First, meta-log information analysis module performs the copyrighted music registration and
log information registration. Only the music copyright holder who has an authority of music usage
status and information could register the copyrighted music itself for settlement and distribution.
Once the music was registered, the basic metadata could be obtained from Music UCI data of the
Recording Industry Association of Korea. The right of a single music source can be divided into
copyright and neighboring rights (production rights and performance rights). The current log
collection system gathered sales month, OSP classification, and a song code according to the OSP,
service code according to the OSP, association type, UCI, and sales volume data. For a settlement, it
is necessary that the rate per song and reported settled sum for separated OSP (rate per song
multiplied by the number of music usage) will be needed. It is highly complicated issues because it
deeply involved stakeholders (e.g., OSPs); however, the music copyright holder could request this
information for their rights. Once the issues among the aforementioned stakeholders are solved, the
proposed structure could automatically retrieve the music usage log data from the log collection
system as long as the music right holders register their copyrighted music.

The second step consists of a match module and a settlement module. A match module performs
a matching process between the copyrighted music by registering and music usage log data from log
collection system. The settlement process could be done by rate of song or share of total sales of song
according to the formula (1). The method of share of total sales of song is higher than that of the rate
of song in most cases, and the information could be requested by copyright holders because of their
rights, while the information from major OSPs was confidential. Recently several OSPs (e.g., NAVER
VIVE, etc.) adopted the settlement method of paying for music usage so that the fee goes directly to
the music right holders.

The thirds step consists of a distribution of royalties and a report system. When the settlement
for distribution is finalized, the distribution ratio will be determined according to the copyright and
neighboring rights in the first step. Based on this ratio, the royalties for the music usage will be
distributed to individual rights holders. The reporting system could provide a sum of royalties,
royalties from different OSPs, and other information as a chart or a diagram.

Once the music right holders register the copyright music and each OSP transmits the log
information for settlement, we could realize transparent settlement and distribution structure
because the music right holders have the right to request the sales details. Figure 3 shows an example
of building a settlement and distribution system applying these three modules. We assumed that the
metadata which was used in the system was generated by random generation from sample log data,
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and song price settlement method was applied because the music usage log data was not disclosed
in public.

4. RoyaltyReport )

1. Search for Year, Month, Copyright sector

1. Copyright sector: Copyright, Performance, Produce

2. Register into the music information (From ~ to~, Commission Fee)

Figure 3. An example of building a settlement and distribution system applying all three modules.
4. Applications utilizing the music usage data based on Al

4.1. Pseudonymization of music usage information

The music usage information could be used for various purposes other than settlement or
distribution. The usage information data in various fields has a considerable asset value by itself such
as MyData services in finance field. However, in the field of music industry, the utilization of music
usage information is limited due to the Personal Information Protection Act. The music right holders
gave the authority of the music rights to the Associations, and they permit the use of music to the
music distributors. Therefore the personal information of the music was fragmented, and no one
could try the applications by using the music usage information. However, in the proposed system,
the agreement such as usage consent was already constructed by registering the music in the first
step, so it would be immune from the legal issues. For the effective protection of personal information,
it is more convenient that the pseudonymization of the music usage data was done. This chapter
discusses the ways for public services or OSPs to utilize music usage data through pseudonymization
before Al-based applications.

The music usage data contains personal information, it is necessary to de-identify the personal
information. De-identification of personal information refers to deleting or modifying part or all or
personal information so that a specific individual could not be identified. The related guidelines in
Korea provide five methods: pseudonymization, aggregation, data reduction, data suppression, and
data masking. These five methods could be divided into anonymization and pseudonymization
depending on the deletion of personal identification. Anonymized information has a freedom to be
utilized because of impossibility of re-identification, however, it lacks utility. On the other hand,
pseudonymization data could not recognize the individuals without additional information.
Therefore, it could be used for purposes such as statistics, research, and preservation of records in
public interest [7,8].

The subject of pseudonymization of music usage information could be an OSP that produces the
data; however, the popular way is to choose the independent organization who could deal with
pseudonymization through de-identifying data. Figure 4 shows a process diagram for managing the
unique key of the independent organization. The transmitted music usage data is pseudonymized
using a JAVA-based high-speed one-way pseudonymization module. Here, the pseudonymization
algorithm needs two key functions. First, since the amount of day-based music usage data is massive,
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so itis easy to process pseudonymization only when the computing time of the algorithm is extremely
short. Second, it is necessary that the same identifier (continuity) between previous and current data
should exist. This is because the utility of music usage data increases only when there is continuity
of the same music. Figure 5 shows an example of a polymorphic pseudonymization algorithm
module which makes de-identified data stable. The advantages of polymorphic pseudonymization
process are competitiveness, wide-spread of data usage, and independency of the data. Therefore, it
could be helpful for effectiveness of human resource and service improvement.

ek stk sk ok kokok
Data Service (Bigen: service code)
4 {
Non- ey
W Identificatior . o
Polymorphic pseudonymization module

ek stk ok ok kokok

(Eigen: company code)

Corporation based Al
Data Producing

Corporation

*oau0 21
[
painbay

Figure 4. A process diagram for managing the unique key of the independent organization.

N1 lirasions
HMAC-SHA B Non-ID DB[1]
= N2 leraions
: ' : i sations
2 A A on-ID DB

Figure 5. An example of a polymorphic pseudonymization algorithm module.
4.2. Applications using music usage data— detecting an act of hoarding

4.2.1. Detecting an act of hoarding

There are various applications with pseudonymized music usage data. One can expect that this
system could be applied to detect an act of hoarding because outliers in music usage records could
be detected. The so-called act of hoarding refers to an illegal act of manipulating the music charts and
real-time streaming rankings so that songs of specific singer are ranked. An AutoEncoder model
could be developed for detecting abnormal music usage records by using de-identified music usage
data [9]. This model discriminates the noise and differences from results that input data makes the
output data equal.

We conducted the experiment with around 4 million songs usage data from genie music. This
data includes number of listeners, streaming count for each hour, and accumulated number of
listeners and streaming count. We added an index to detect fake streaming, fake-stream-count, which
discriminate fake streaming count from real streaming. The added index (fake-stream-count) could
be calculated from following equation:

(fake-stream-count) = (play-in-term/person-max-stream-in-term)-(listen-in-
term),

2)

where (play-in-term) is the number of total streaming, (person-max-stream-in-term) is the maximum
number of streaming for one person, and (listen-in-term) is the number of listeners per hour. From
this index, we conducted the proposed AutoEncoder model through normalization of the index.
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Figure 6 shows an example of sample songs from 4 million songs usage data of genie music with
several indexes. Among the sample data, there were several anomaly points as dramatically
increased as shown in Figure 7. In case of unsupervised deep learning AutoEncoder model, there was
no final goal or objective, so it could analyze several negative value of (fake-stream-count) as anomaly
points even though it was normal data. According to the results, we could decide if amount of people
who streamed the song is smaller than (listen-in-term) amount it means that one person listened
specific song repeatedly. Therefore, in this case we could pick them up one of the candidate songs of
acting of hoarding.

index date rank change  sing.id subject singer rank_out term play_in_term listen_in_term play total listen_total person_max stream count_person_stream fake_stream_count
763493 247 NEW 89186138 Ti697817 207853 20 7753905
763496 22087617 491911 ) 24980,50
1838965 32 2133530 0 7452840
2077741 2180574 2 8185760
2219256 777700 20 6320930 0
2260739 20 13288195
2310089 1 20
2320044 5 8Tz 51192150 20
2354965 39 5395 30916630 2
2369383 6859 34833050 20
2390687 3 9 0 1711890 20
2482082 5 236 NEW 70438991 0 1310070 20
2516708 NEW 16174326 oig7| 7008 6982600 1116620 205732 20
2152232 236 NEW 89196118 S (BAEKHYUN) 9168 32517170 790980 2
2767981 1235 NEW 89408689 g 8020 39879820 1069140 804170 20
2804730 3733 2021/04/08/14 234 NEW 88048450 7862 33413390 1851819 0
2871245 2021/04/19/16 249 NEW 88909978 1325529 20

3167485 NEW 91300654 idden Island) 7717 20
3182220 3 NEW 20657993 Shock 655200 20
219491 & Gee 0
3241736 S (5park) 1232 20
3454972 5 -z 188910 20
3460975 5 OIS BEO: (That's okay) 797290 3 1507860 20
3465213 42 Supa Dupa Diva DalkShabet 187150 2 93009 20
3653977 Kissing You  215AI (GIRLS' GEN 1934510 6 815155 20

3707709 1581

3720071 3.
3756974 2NE1 20
3807474 5 HF A R 40 (Fest 25 AL 20 97187.80

Figure 6. An example of sample songs including usage data with several indexes (several songs and

singers were written in Korean).

-400
Normal Data
. Anomalies
-300
-200
-100
0
-100
SongIDI1 SongID50 SongID100 SongID150 SongID200 SongID250

Figure 7. An example of anomaly detection of music streaming. x axis denotes each song and y axis
denotes normalization results of the AutoEncoder model. Red dot indicates anomaly data of streamed
song.

4.2.2. Prediction of the marketability of music
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Another utilization of music usage data is to predict the marketability of music. Previously, the
Korean music industry was limited only to focus music sales. However, the music industry is a fairly
large market, so it could be expanded into other fields. For example, by using the music usage data
from the past, it could be possible to predict the marketability of specific music or artists, and this
could help expand the industry to other fields through prediction based on data such as the
Moneyball case in baseball or Opta in soccer.

The music usage data was time-series numerical data and it shows non-stationary so we use
ARIMA model for prediction of the marketability of music. The ARIMA model means
AutoRegressive Integrated Moving Average, which is effective for analyzing time-series data [10].
However, the music usage data shows non-stationary data, so we applied a difference on data to
make it seems like to be stationary. The prediction data could be generated by ARIMA model from
python library, and the number of listeners per hours in Figure 6 was needed for prediction. For
proper ARIAM model, we adopted AIC (Akaike Information Criterion) score which is criteria that
evaluate the quality of statistic model. By using this, we set boundaries of error and improved the
accuracy of prediction in terms of distance between prediction data and actual data. Figure 8 shows
the validity of our proposed model during five months after releasing specific song. The blue line
indicates the number of streaming of the song as a training data. The green line and red line show
the difference between actual streaming data of song and predicted data. It shows similar tendency
after October of 2021 as shown in Figure 8(inset). As shown in Figure 8, the number of the streamed
song shows sharp increment at the releasing time and it was stabilized. We concluded that our model
is only effective when this model is independent for external valuables. For example, when the song
was exposed by mass media or news, the number of streaming could be increased. Our model could
not reflect this; however, it could be supplemented if we added an index of SNS data or news
crawling data as an input data.

—— Training Data
— Test Data (Actual Count)

10000 4 — Predicted Data

on — Training Data
= 8000 00 — Ln D;la‘)(Acnml Count)
Q — Predicted Data
6000 - »
H H
@ 4000 A 3
“ - 100
[=}
; 0 2021-10-¢
'g 2000 - ey,
-
z
O 4

2021-05-19 2021-06-28 2021-06-28 2021-07-18 2021-08-07 2021-08-27 2021-09-16 2021-10-06

Date (YYYY-MM-DD)

Figure 8. An example of prediction graph based on the music usage during five months (2021-05-19
to 2021-10-06) after releasing song. The blue line indicates training data, the green line indicates test
data (actual data), and the red line indicates the predicted data after five months.

5. Legislation plan

As mentioned in Sec. 2, the current log collection system collects log data through MOU and
there is no compulsion issue. The structural limitations of the current music data usage are due to the
structure of the music streaming platform and fragmentation of music copyrights of individuals. In
the most music streaming platform, the royalties were paid according to ratio by summing up all the
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payments made by all users and dividing them by the number of streaming per song. This would be
able to manipulate of sales volume or the music charts using a few accounts, and it may even distort
royalty distribution. The fragmentation of music copyrights of individuals could be solved by
individuals itself, because they could only request how many times the song was streamed.

Since several embezzlement issues, the Ministry of Culture, Sports, and Tourism publicized the
integrated music network and announced that they will revise and improve the system. However,
the amended Copyright Act did not have direct clauses on music usage information collection; it is
not suitable that the operating plans for log collection system is prepared in the Copyright Act for the
current legal system. However, there is a room for adequate law revision by the followings because
there were many provisions in the Music Industry Promotion Act.

e  Provision location (provision)

e Integrated log collection system operator and duty (Minister of Culture, Sports, and Tourism)
e  Obligation to join the log collection system (compulsion)

e  Obligation to transmit usage information (technical issues and detailed adjustment necessary)
e  Establishment of support grounds

e Others (scope of obligated subscribers, scope and cycle of transmission data, and method)

However, there are several obstacles to this legislation. First, there could be a procedural burden
about legislation [11,12]. Many steps will be required in terms of procedure, and the legislation could
not be done unless there is anyone who plays a leading role. Second, there could be resistance from
the obligated one, which is the music distributor. For example, the amendment of the Music Industry
Promotion Act that intended to impose an obligation on music record producers to record
performance information was proposed to the National Assembly; however, it ended up failing due
to the strong resistance from music record/music-video production business operators. Third, the
coordination among the stakeholders is required. Various stakeholders exist due to the nature of the
log collection system, and the initiating the government-led system without gathering their opinions
will cause many problems or even end up in rejection of participation in the worst-case scenario.
Finally, since this system needs to be institutionalized and organized, it makes taxations and resulting
in public opinion backlash. Therefore, the legislation should be carried on in consideration of those
obstacles. One of the candidates is that this is for comparison like a black box only when there is a
problem instead of for settlement.

6. Conclusions

This study discussed the limitations and development direction of the music log collection
system for transparent settlement and distribution of music royalties. It first analyzed the log
collection status and structural limitations of the current music usage information in Korea and
suggested a transparent settlement and distribution structure for music usage based on the analysis.
The results of constructing a pilot module were derived through the proposed settlement and
distribution structure, and the music usage data was pseudonymized to examine several applications
by using Al models. Finally this study described ways to legislate this structure as well as the
procedural difficulties in legislation. Based on this study, the current log collection system in Korea
will hopefully be used for public purposes in a more progressive way.
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