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Abstract 

 This research presents an idea of expression with time-series data for detecting invisible information by utilizing 
musical sense of human. In this paper, we have tried to find some relationships between 2 kinds of time-series data. Both 
data relates environmental data about CO2 emissions. For now, we had met a situation that we need to deal a lot of 
information at the same time. Not only that, we also need to find some relationships between these data to find important 
things; i.e. relationships between amount of CO2 emission, economic growth of a developing countries, frequency of 
terrorism. We have confirmed that Bridge can use for any kinds of time-series data for musical expression and have some 
possibility for data mining. By utilizing human sense of musical expression a perception ability, we set a hypothesis that 
human can detect some relationships which are hidden in time-series data. We had added some new control section on this 
new version of software. And these functions on this software are expected for acquiring more flexibility in future. 
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INTRODUCTION 
 In this research, we have used environmental data that relate to one of an environmental problem. Environmental 
problem itself contains lots kind of issue. For example, global warming relates to mainly CO2 emission. CO2 emission 
relates to population increasing, air pollution, human daily activities…etc. The factor of air pollution, it has been occurred 
by chemical substances that come from each country all over the world.  Not only that, deforestation is also deeply 
connected to the problem. Increasing population all the world relates the problem as other factor. 
 As we have explained, even single phenomena of global environmental problem have many factors from global to 
domestic issue. So we need to be tense to detect even a little difference of many kinds of data that seemed to be relating to 
actual environmental problem. These kind of research that use variety of time-series data will become more difficult to 
identify relationships of numbers of each factor data. Because of data amounts increase by technical advances; sensor 
improvements, advances of big data. 
 We have used sonification method [1]. And there are many researches of data analysis method using sound. 
However, we couldn’t find any researches of re-sampling time-series data to musical scale data for analysis. From the view 
of music analysis, we have a lot of researches using such as MFCCs (Mel Frequency Cepstrul Co-efficients). We tried to 
analyze multi dimensional data as music and analyze it using human sense. [2,3] Our approach is different from previous 
research of sonification works which use noise or non-musical scale pitch. [4,5,6] 
 As a solution way, we have developed software which name is “Bridge”. [7] It enables users who want to express 
their data more easy understanding (we call them “composer”). We set an approach way of the data expression as audio.  
Our ears have ability to detect different pitch and melody at the same time. And also we can detect repetition of melody. 
Controlling random time-series data is very difficult to compose melodic music. To solve the problem, we set some 
parameter to convert random data to melodic MIDI data. For example, by using the function, composers can easy to use 
time-series data that contains random data to express relationship of different kinds of data. The details of the conversion 
algorithm will be discussed in following section on this paper. (Shunsuke Hananoi, 2016). 

 
SOFTWARE ARCHITECTURE 
 Our software has brief 4 sections to convert time-series data to MIDI file with simple interface [Fig 1, Fig 2]. 

1. Import file which users want to convert to MIDI data 
2. Managing extraction functions 
3. Conversion 
4. Export as MIDI data 

 
 
We have added new function about MIDI control system that has added in part 3. We will introduce it and the 
other functions in following context in this paper. 

 



 	  

 
 
 

 
Figure-1. Software Interface of “Bridge” version 0.1 

 

 
Figure-2. Software Interface of “Bridge” version 0.21 

 
 
FILE CONTROL INSTRUCTION 
 This software requires data file (i.e. CSV file). And its data need to be arranged properly. In this paper, we use 
monthly CO2 emission data for the instruction of this software usage steps. We will introduce how to control and adjust 
example CSV data to proper data. 

1. Choose a duration of data conversion 
2. Delete all data which you don’t need to use 
3. Import your data to Bridge 
4. Confirm data expression and modify it 

 
1. Choose time duration of data 

 This software can convert time-series data but cannot control duration yet. We will add functions in future but we 
have still been not able to control data structure on present version yet.  We use 2 data in this research. CO2 emission 
amount [8] and surface air temperature data [9].  Their data structures are totally different. [Fig 3, Fig 4] 

 
 



 	  

 
Figure-3. CO2 emission data structure 

 

 
Figure-4. Surface air temperature data structure 

 
2. Delete all data which you don’t need to use 

 After selection of data, we need to modify the data structure for proper conversion. In this case, we delete some 
matrix from the raw data. By correcting each data correctly, we can express the relationship of each data. We adjust start 
and end of the duration of data [Fig 5, Fig 6]. 

 

 
Figure-5. Modified CO2 emission data in Japan structure 

 
Figure-6. Modified Surface air temperature data 

structure 
 

3. Import your data to Bridge 
 After modifying your data, we can input it to Bridge. Bridge can convert the data to MIDI data. Normally, the 
data conversion is processed as same duration between each note. However, composer can change its rhythm in real-time if 
composer want to change the tempo dynamically. [Fig 5]  This software use mainly csv file to create MIDI data. The 
processing algorithm is very simple.[Fig 7] In this paper, we used CO2 emission data and surface air temperature data. 
 

4. Confirm data expression and modify it in other software 
 This software doesn’t have any function that likes digital audio workstation. For example, if composer want to 
add original sound or effect to each note, composer need to use other software: such as digital audio workstation.  In this 
research, we have used DAW software name “Pro Tools” (developed by “AVID”) and “Live” (developed by “Ableton”). 
These software are often used in a field of computer music. 
 
The length of MIDI notes express not length. And lower position of note means low frequency note and higher position is 
vice versa. 
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Figure-5. Real-time tempo change part 

 

Midi =f (D, P1, P2, P3, P4) {
  D : csv

   P1 = minimum csv parametr

   P2 = max csv parameter

   P3 = minimum frequency value

   P4 = max frequency value

}
 

Figure-6. Processing Algorithm
 

EXPERIMENT 
 We have experimented this software to express environmental data as audio. In this research, we have used CO2 
emission data and surface temperature data on earth. We have tried to express these two kinds of data as MIDI note. (As 
we have shown in Figure-4) And we have tried to find invisible information behind the data between them. 
 We have confirmed how the data reliability was changed from csv data file to MIDI file.  
 

 
Figure-8. CO2 emission data in Japan 2D graph 

 

 
Figure-7. CO2 emission data in Japan in MIDI data 

 
 

 



 	  

 
Figure-6. Surface air temperature 2D graph 

 

 
Figure-7. Modified Surface air temperature in MIDI data 

 

 
Figure-8. Modified Surface air temperature in MIDI data, tempo modified 

 
 As new function, we added tempo modifier. Comparing Figure-7 and Figure-8, these two MIDI data is generated 
same csv data but tempo is different. This function is just a trial but will be used as recognition control. 
 
 This approach of data conversion is based on an idea of sonification. And main topic of this approach is change 
the view of analysis from random numbers of time series data to musical time-series MIDI data. It means, we can use 
musical analysis method to analyze big data. Musical analysis methods have already researched in many ways. However, 
the combination of these two methods for analysis is new. The point of discussion is potential of this software for research. 
To extend the potential, some researchers use MFCCs or other statistical methods.  
 
 After conversion, we put these 2 data to DAW. [Figure-8] And listen the data in a song. These 2 data has same 
features. Both pitches go high. We should have prepared more dimensions of data. In next research, we will prepare at least 
4 to 5 data in a song.  
 
 
 



 	  

CONCLUSION 
 We have confirmed possibility of our new function in Bridge. This research is for finding possibility of multi-
dimension data analysis. We will meet more data from lots kinds of sensors, satellites and other devices or services in 
future. Bridge enables to combine them and find their relationships using human musical sense. For now, we only can 
convert time-series data to MIDI. We need to set some evaluation method for this software.  
 

 
Figure-8. MIDI data in DAW (Ableton live) 

 
FUTURE WORKS 
  In this research, we have tried to express time-series data that relate to global warming to find their relationships 
using new MIDI conversion feature. This approach that is combination of analysis and recognition is just started. So we 
have many things to confirm such as software usability, aspect of psychology and recognition, definition of invisible 
information, point of strength and weakness etc. 
 We will analyze how affect this software for composers when they want to use time-series data in future research. 
Also, we will discuss the analysis algorithms that used in music analysis. [11,12] 
 For now, this software can use for static data only. We now are developing software for real-time conversion. We 
will present about it in future paper. 
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Abstract— This research suggests an idea of synthesizing time 

series data and human sense. This software can help human to 
know environmental invisible changes that human cannot detect. 
Player can use time series data for music composition. We have 
already had a way of sonification as relating research. However, 
this research aims having more flexibility in composition. For the 
motivation, we set player flexibility as tonality editing and data 
conversion range control system. In our software, player can edit 
melody and its range of sampling. For example, if composer want 
to express data as bright atmosphere music, you can edit some 
settings in the tool and play it. We have tried to use this software 
to use foreign exchange data. In future work, we try to use this 
software in virtual reality. And we will test the listener 
recognition change. 

Keywords—Music psychology; Acoustic psychology; 
sonification; Max/MSP; Digital Signal Processing: 

I.  INTRODUCTION  
Nowadays, Virtual Reality (VR) becomes popular keyword in 
academic and industrial fields, and there are many researches 
in these fields. In VR researches, it is important to focus on 
the relationship between human recognition and the sound 
from environmental information surrounding human. 
However, there are still a few expression methods with audio 
and data communication. Some researchers define the rules of 
musical expression using time series data called 
“sonification”. “Sonification is the transformation of data 
relations into perceived relations in an acoustic signal for the 
purposes of facilitating communication or interpretation”[1]. 
[Sonification is the use of non-speech audio to convey 
information or perceptual data. Auditory perception has 
advantages in temporal, spatial, amplitude, and frequency 
resolution that open possibilities as an alternative or 
complement to visualization techniques. By Wiki]. These 
researchers in the field of sonification have discussed the 
topics about how we notice daily changes of our surroundings 
and their conversion to audio. Though, it is not enough to 
discuss what music or sound creator/editor can do and their 
possibility in this new field. Of course, the quality of the 
created music or sound depends on the composers’ abilities, 
ideas and inspirations. So we should also think about the 
usability of the software interface to realize their ideas, not to 

kill their ideas. Because the most of the composers still use 
digital audio workstation (DAW) for their composition or 
designing sound, the software should export data as 
controllable format to DAW use. Also, we have not been able 
to imagine the next generation expression in the unchanged 
situation yet. Sonification is a good way for the definition of 
sound to show the possibility. So, we have adopted the idea 
and make system that can convert csv data to MIDI data for 
composition. This research objective is utilizing human sense 
of music. Past researches that use sound to analyze big data 
are not focused on utilizing composition methods.[2] We have 
tried to realize combine research fields of art and analysis 
using re-sampled musical sound scale. 

II. FEATURES OF THE SYSTEM 
This system produces a very simple solution for composers. 

They do not need to think about any programming ideas. We 
have focused on using tonality for simple way to express 
random data as musical data. This trial aims to provide a fast 
and simple solution for composers. 

Generally speaking, composers do not always have 
knowledge about music or acoustic psychology. However, they 
know how tonality sounds. So, the composition created by this 
system is based on a tonality control. This idea is suit for not 
only for normal usage of composition but also for 3D or multi 
channel. This system outputs MIDI data from csv files. From 
the view of the system, this is very flexible for composer 
because they can edit the detail of the data after conversion 
from the time-series data to MIDI data. This system aims to 
realize composition freedom with limited data control. 

 The feature of this system is that the grasping of the data is 
not critical. In the related researches, some researchers grasp 
financial data with sonification [3]. The other research 
mentions the three topics [4].  

 
a) Psychological research in perception and 

cognition 
b) Development of sonification tools for research 

and application 
c) Sonification design and application. 



 

 Recent researches in sonification, especially the 
definition of interactive sonification, are described as 
followings, “The use of sound within a tightly closed human–
computer interface where the auditory signal provides 
information about data under analysis, or about the 
interaction itself, which is useful for refining the activity “[5]. 

 
 Still, the problems that needed to be improved are remained. 
We need to handle a lot of data at the same time. How do we 
express the massive data in one song?  We set a merit of this 
system as a tool to answer the question in the followings. 

a) A way of expression using many kinds of data and 
a way of finding their relationships.  

b) Expression of relationship of multi data that have 
big difference of absolute value.  

c) Expression of large numbers of data and their 
relationship.  

About improvements of these contents, many researchers 
express these data by 2D graph, 3D graph or liner graph to 
logarithm graph etc. This system provides a solution as a tool 
for composition. As commonly known, human ear can do FFT 
Fast Fourier transform) when they are listening sounds.  So we 
have tried to combine musical composition methods and 
sonification methods through this software. 

III. SYSTEM ARCHITECTURE 
This system uses Max/MSP which is a programming 

environment developed by a company called Cycling 74’. This 
is a commercial software but the user can download application 
runtime from company website. So everyone can use this 
application for free.  

This system is a useful tool either for a person who has or 
who does not have enough composition skills and the 
knowledge of composition methods. The system uses time 
series data for composition, so that composer can create the 
music without the methods as they normally use when they 
compose music [6]. The objective of this system is to find the 
ways of composition using time-series data. By limiting the 
way of composition method, composer can concentrate the way 
of expression using the data. 

 
Figure 1. Screen-Capture from the Prototype System 

 

We aim to realize user-friendly software design by 
simplify. Not to decline composer‘s idea during switching or 
changing parameters of each functions. 

In this implementation, we used foreign exchange (FX) 
data for composition because the data have time information 
and clear to understand what they are. And, we have used cross 
JPY data. It means that the work shows the FX movement view 
from Japan. The process is shown in Figure 2. There are so 
many kinds of research about pitch of sound in the field of 
music composition and analysis. For example, a research of 
musical pitches in a tonal context [7], associations of sound and 
light [8] or basic research about human ability of pitch 
recognition. We have utilized these research results as the 
knowledge of composition methods in this system and 
implement as software. We explain the details of the 
architecture as followings. 

csv file data

<Results>

Convert to MIDI data

Extract single row data

Edit part

Resampling

Tonality

Data scaling

Tempo

Chromatic, Lonian, dorian, 
Phrigian...etc.

This part maps an input range 
of float or interger values to an 
output range.

msec per each MIDI note

MIDI

Figure 2. Overview of the System architecture 

 

A. Converstion Architecture 
 This system creates MIDI data from time series .csv 
format data. The flow of data conversion of the time series 
data to MIDI data using foreign exchange data is described 
as bellows. 

 

1. Prepare .csv data and import to this software.  
The data don't have to be separated to individual 
data series. (Time, Date, Price…etc.) 

2. Separate csv data cells into single information data 
cell that defines by composer. 

3.  Rewrite these data into new single row csv file. 

4. Convert the file (step.3) into MIDI file. Users can 
edit the tempo, tonality and length of MIDI data. 



 

In this paper, we have used foreign exchange data for this 
software as sample case (Figure 3). This data has many types 
of information.  As example, I have chosen the closing price 
for conversion (Figure 4).  

 
Figure 3. Sample trading file of foreign exchange 

(USD/YEN monthly) 

 
          Figure 4. Sample csv file of foreign exchange 

(USD/YEN monthly) 

After importing data, this software extracts single row csv 
data (Figure 5) where user wants to place it. 

 

 
Figure 5. Converted csv file  

At the same time, MIDI data is also generated. Composer 
can choose a tonality from the list before conversion (Figure 5). 
These tonalities are resampled from random data of csv file. 
The workflow of the conversion is following (Figure 6). 

 

 

 

 

 

 
Figure 6.  Screenshots of each tonality 

About conversion, we use csv time-series data and 
resample its values. This system requires at least time data, and 
value of data set (Figure 7).  

 

Midi =f (D, P1, P2, P3, P4) {
  D : csv

   P1 = minimum csv parametr

   P2 = max csv parameter

   P3 = minimum frequency value

   P4 = max frequency value

}
 

Figure 7.  Processing Algorithm 

After finishing conversion of data, composers can use the 
converted MIDI file in DAW. As a sample case, we have used   
this data in a DAW software name Ableton Live (Figure 8).  In 
this part, composer can change each MIDI note length as wish.  

 

 
Figure 8. Converted MIDI file in DAW 



  
We have created a work using converted MIDI data	  

(Figure 8).   

IV. EXPERIMENTS 
In this part, we show the feasibility of our system and 

create MIDI data using time series data. As we mentioned in 
section III-A, we have used the currency data. Using the 
currency change data as input, the system outputs the data as 
MIDI data and combines them to create music. Each MIDI 
data has been already resampled as a tonality of Aeolian scale. 
And the range of data is mapped as lowest price 10Hz, highest 
price to 4000Hz. After setting up the scale, the system 
converts the csv files to MIDI data. 
 

This software aims every kinds of time series data that user 
want to use. For the example, we suggest some data in table 
(Table 1).  
 
Experiment 1. USD/JPY  
 
Before (Currency csv data) 

 
Figure 9. USD/JPY currency data 
 
Result (MIDI as Aeolian scale) 

 
Figure 10. Converted MIDI data from USD/JPY currency 
data in Aeolian scale 
 
 
 
 
 
 
 
 
 

 
Experiment 2. EUR/YEN 
 
 
Before (Currency csv data) 

 
Figure 10. EUR/JPY currency data 
 
Result (MIDI) 

 
Figure 11. Converted MIDI data from EUR/JPY currency 
data in Aeolian scale 
 
Experiment 3. NZD/YEN 
 
Before (Currency csv data) 

 
Figure 12. NZD/JPY currency data 
 
 
 
 
 
 
 
 
 



Result (MIDI) 

 
Figure 13. Converted MIDI data from NZD/JPY currency 
data in Aeolian scale 
 

We have created music to combine these data into one and 
create image video of this (Figure 14).  
  

Figure 14. Screenshot of music video of combined currency 
data 

V. CONCLUSION 
We have confirmed the software possibility by the 
experiments. This software will be used for musical 
expression of time series data more instinctively. This research 
becomes a start point of new approach for detecting 
relationships between data that have multi dimensional 
information. It will become more important to utilize human 

sense for analysis. The data amount will become larger 
because the sensing technologies will be advanced more in 
future. So the conversion process needs to be improved more. 
Usability of this software is also need to be improved. But 
simple interface is very important for speedy composition. We 
should make this as VST plugin for DAW environment for 
DAW users. And as next step, we will try to use this for 
virtual reality and environmental sound design solution. 
Musical composition from data tables is still young research 
area. In future, every environment of our surrounding become 
virtual reality, the recognition design of them should be more 
conventional. This idea should not only lead by researchers 
but also artists. We aim to create software that enables to 
communicate smoothly between researchers and artists.  
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Table 1. Examples of data type and its table
 

Source Type Examples Data Source Description 
Foreign Exchange ・	 Time and Date 

・	 Starting Price 
・	 Highest Price 
・	 Lowest Price 
・	 End Price 

In foreign exchange data, composers can 5 kinds of 
data. If composer want to use only “End Price”, the 
melody of music express it.  

Remote Sensing Data ・	 Temperature 
・	 Humidity 
・	 Congestion 
・	 Brightness 
・	 Etc… 

   By using sensing device, composer imagines the 
impression of environmental change. These data can 
use not only for observation of environmental 
changes, but also for example, notification of people 
activity. 
 
 

Environment Databases ・	 Time 
・	 Location  
・	 Deforestation Rate 
・	 Increase rata of sea level 
・	 Etc… 

 This example is environmental changes in long term. 
Composer can even use these fundamentals for 
composition.  
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