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Abstract. When we are doing exercise, we often listen to the music. We wanted 
to make a music player-based exercise intensive recognizing system. In this 
study, we focused on the motional aspect of hand and arm. The main concept is 
speed changing music player. A pedometer is the most common detecting tool 
for the exercise activities. Detecting swing of the body with smartphone –like a 
pedometer- to set as a downbeat for synchronizing music. We used smartphone 
gyroscope sensor to detect the downbeat gesture. Motion sensing with gyros-
cope is a common way in these days. We set the rotation rate of the pitch-axis at 
2rad/s for filtering the unstable sensing of the gyroscope. After filtering, hold-
ing smartphone and staring movement can calculate the speed of the movement. 
Existing similar studies are using MIDI and PC to control tempo easily and do 
something more. In this study, we use only MP3 files, extract from CD. We 
make single application –Shake It Up- without any computer connection. We 
used time stretch to control the speed of MP3 files. After the application is 
ready, we had a user test to experience Shake It Up. Without a guide, all users 
were easily controlled BPM of the music. Some of them use this application as 
a music player on jogging with arm band. They said, they can hear the intensity 
of exercise with the speed of the music. We have to pay attention to the possi-
bility of the future. After the test, we found a sequence of operation was very 
similar to orchestral conducting. It can be used to music practice tool for con-
ductors. However, still Shake It Up cannot sync music file with the hand gesture 
speed point by point. We are finding out making extra tag files to synchronize 
and control each detailed point of music. 
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1 Introduction 

Shake It Up is a handheld digital exercise intensity recognizing system that can be 
simply used by people in order to have an exercise [1]. 

Many people are listening to the music while exercising. The invention of MP3 
made a light and simple music players better than Walkman and CD player. Most of 
the people who do aerobic exercise are listening a fast, strong, exciting, and progres-
sive music. A slow and relaxing music is often played during the little movement 
exercise like yoga. When we exercise, we found that we are synchronized to the lis-
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tening music. The relation between music and exercise can be given a little more psy-
chological energy and motivation to keep exercising. Music and exercise have a very 
close relationship. 

We thought about that people can measure himself how strong, fast, and excite or 
light, slow, and relax when they exercise. We began to research and analyze the rela-
tionship between music speed and movement. 

With the invention of the smartphone, MP3, telephone, and other devices are poss-
ible to carry in one hand together. Nowadays, there are already various sports-related 
applications in the market. 

Shake It Up is using gyroscope in the smartphone to measure strength, pace, and 
intensity of self-exercise in real-time with the music. 

2 Related Work 

Our study is similar to pedometer which is a device that counts each step a person 
takes by detecting the motion of the person’s body. Our goal is detecting the moment 
of the motion to change the BPM of the music.  

Nowadays, there are lots of researches about Smartphones and devices related 
healthcare and sports activity. Apple iPod and Nike Sports Kit were the first start of 
this research. Nike Sports Kit has an extra sensor to measure the speed, distance, and 
calorie data. They can also upload the data to website with wifi connected iPod to 
compete against other people. Nike uploaded the Nike plus application series to the 
app store to use without sports kit anymore [2, 3, 4]. 

There are also motion detective wristband type devices -Nike Pure Band, Misfit, 
and Fitbit series- in the market [5, 6]. Some of are activated as a single device, but 
most of devices have to connect with smartphone. After finishing the exercise, saved 
data can be checked by the smartphone and PC. Most of these devices only focused 
on the distance and speed of the exercise with GPS sensor. It is hard to detect the real-
time exercise intensity by these devices in these moments. 

Galaxy Gear is an android based smart watch made by Samsung Electronics [7]. 
Pre-installed pedometer application is using built-in accelerometer to get a motion 
detection. And user can install the healthcare applications to synchronize with smart-
phone applications. User can check the real-time status of the data from little screen. 
However, developing galaxy gear application does not allow for personal develop-
ment and any other devices except galaxy series. 

Noom series are food and exercise logging application [8]. User can simply put the 
name of the food to automatically calculate the calorie. Using GPS to detect the speed 
and location of the people who is doing exercise. When exercise begins, Noom auto-
matically activate the music player. Playing music with exercise is similar to our 
study. However, the current exercise intensity is hard to measure in real-time in single 
Noom application. Using sub-brand Cardio trainer application and Polar Heartbeat 
Detector together can make up for detecting the current intensity of the exercise. But 
it is difficult for common people to use and buy specialized equipment (Fig. 1.) 
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Fig. 1. Pedometer, Nike Spots Kit, Nike Plus, wristband type devices, Galaxy Gear, Noom, and 
Polar Heartbeat Detector 

3 Design and Implementation 

Some details of Shake It Up are as follows. Each of MP3 file has own information 
tag, ID3 [9]. BPM information is one of them. First, the user inputs a BPM informa-
tion matched with original music on PC (Fig. 2.). Save the BPM information attached 
MP3 file to the smartphone. Start application and hold a smartphone with the hand or 
wear with the armband. When you start to exercise, music will slower and faster de-
pending on the strength of the arm.  

 

Fig. 2. Input BPM information on ID3 tag program 

3.1 Design 

Shake It Up is designed to simply and easily. The basic design of the form is a cas-
sette tape player that everyone knows already. Pressing a cassette tape image on the 
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middle to select music. Press the play button to play the music and stop button to stop 
the music. At the bottom of the cassette player image is shown the original BPM of 
the MP3 file. At the upper side of the cassette player image is shown the changed 
BPM of the MP3 file calculated with the motion (Fig. 3.). 
 

 

Fig. 3. Shake It Up screen capture 

3.2 Interface  

The Shake It Up is an iOS7-based application that can be used on the iPhone. We 
used smartphone gyroscope sensor to detect the swing of the arm. Motion sensing 
with gyroscope is a common way in these days. We used Apple CMAttitude to access 
the data, which includes the rotation degrees for each of the three axes [10]. The body 
movement can be calculated via the pitch-axis of the gyroscope. For the noise filter-
ing in the gyroscope a speed limitation of the rotation rate is used. We set the rotation 
rate of the pitch-axis at 2rad/s for filtering the unstable sensing of the gyroscope. Af-
ter filtering, exercising data can be stable (Fig. 4.). 
 

 

Fig. 4. Comparison of raw and filtered gyroscope 
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The music BPM can be controlled by calculating the movement time between each 
beat. The movement between each beat is calculated according to the formula shown 
below. 

 BPM = 60 sec / (time2 – time1) 

Combination of the formula and the hand movements, the music BPM will increase 
or decrease. To control BPM of the music, we need to have time stretch technic. Our 
time stretch technic is based on Dirac3 demo code from the DSPdimension [11]. 

Existing similar studies are using MIDI and PC to control BPM easily and do 
something more. In this study, we use only MP3 files, extract from CD. We make 
single application –Shake It Up- without any computer connection. 

4 Evaluation 

We simply tested ten random people in a day. We wanted to know usability and the 
effects of the application. Two types of smartphone grips -holding hand and wearing 
armband- were tested.  Before the test, ten people were given a short duration to 
understand the application. Without a guide, all participants were easily controlled 
BPM of the music. Then, they tried Shake It Up on a treadmill. During the exercise, 
we let each user have own time to feel free. 

After exercise, the participants were surveyed about Shake It Up. The survey in-
quired about their interest, concentration, and sense of accomplishment during the 
exercise. There was very positive (5), positive (4), normal (3), negative (2), and very 
negative (1) scores to answer. Each category got 3.7, 3.1, and 3.6 point over ‘Nor-
mal’. On average, it was not great but it was not bad (Table 1.). 

Table 1. Survey rating by category 

 Interest Concentration Sense of accomplishment 

Very Positive (5) 2 1 3 

Positive (4) 4 3 3 

Normal (3) 3 4 2 

Negative (2) 1 1 1 

Very Negative (1) 0 1 1 

5 Conclusion 

Shake It Up is a system through which a person can simply and easily recognize the 
intensity of the exercise without extra device. Buying an extra device for general 
people’s exercise is uncomfortable. Simple exercise can keep people’s health. Keep 
measuring the condition of exercise can be more effective. In this point of view, 
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Shake It Up is trying with music speed controlling system to overcome a lonely solo 
exercise. 

We have to pay attention to the possibility of the future. The first is many types of 
exercise should be able to use. In this study, we tested only little range of exercise, a 
treadmill. In the future, we will expand our application to many kinds of exercises. 

The second, we need online data sharing system like other applications. We can 
save our data and share with our friends to have much more competitive. Motive for 
participating in exercise can be made by competitors. 

After the test, we found a sequence of operation was very similar to orchestral 
conducting. It can be used to music practice tool for conductors. However, still Shake 
It Up cannot sync music file with the hand gesture speed point by point. We are find-
ing out making extra tag files to synchronize and control each detailed point of music. 
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