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The information contained in this manual has been carefully checked and were made every effort to ensure its quality. 

PLUX reserves the right to make changes and improvements to this manual, especially during the initial phases of the 

creation of this document.  

 

 

  

ATTENTION 

The present document includes experimental protocols to be shared  

with customers who have PLUX products. 

This document should not be distributed through alternative routes unless the customer chose to 

acquire our biosignals acquisition systems.  
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HOME-GUIDE #5 

ACCELEROMETER (ACC) 

Exploring Motion 

1. GOALS 

 After this lesson you will be able to understand the basic principle of Accelerometer (ACC) and how 

changes in the signal are triggered and acquired with the given system. 

 

In this Home-Guide you will explore the ACC signals in detail. The main goals for this lesson will be the following: 

➢ Perform a set of ACC acquisitions in real-time. 

➢ Test different positions on the body. 

➢ Understand the change of signal. 

➢ Getting familiar with acceleration in different directions. 
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2. REVIEW HOME-GUIDE #4 & INTRODUCTION 

 All information of Home-Guide #4 can be found here: HOMEGUIDE#4. Complementary information can be found at 

bitalino.com 

 

In Home-Guide #4 we learned how to acquire skin resistance signals using an EDA sensor. In this Home-Guide we will 

get to know motion signals with an ACC sensor.  

Whenever we perform a movement with our body a specific body part changes its direction or rate of velocity. This 

change of rate of velocity can then be measured as acceleration using an ACC sensor. 

  

https://drive.google.com/file/d/1Jd56BlPn0XopFrVIuIqdeIEX3Rg5wmNq/view?usp=sharing
https://bitalino.com/
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3. MATERIALS 

 
OpenSingals (r)evolution software is available on: https://bitalino.com/en/software 

 

➢ OpenSignals (r)evolution software  

➢ 1 x BITalino (r)evolution Assembled Core BT 

➢ 1 x Assembled Accelerometer (ACC) Sensor 

➢ 1 x Bluetooth dongle 

➢ 1 x Fixation band / tape 

 

 

 
 

 

(a) (b) (c) (d) (e) 

Figure 1: BITalino (r)evolution Assembled Core BT - Front View (a) and Back View (b); Assembled Accelerometer (ACC) Sensor (c); 

Bluetooth dongle (d); and Fixation band (e). 

  

https://bitalino.com/en/software
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4. RELATED DOCUMENTATION 

BITalino (r)evolution Quick Start Guide  

BITalino Assembled Core BT Datasheet  

Assembled ACC Sensor Datasheet  

ACC Sensor Datasheet  

  

https://bitalino.com/downloads/quick_start_guide/quickstart-guide-1.0.0.3-print.pdf
https://bitalino.com/storage/uploads/media/bitalino-core-datasheet.pdf
https://bitalino.com/storage/uploads/media/assembled-acc-sensor-datasheet.pdf
https://bitalino.com/storage/uploads/media/revolution-acc-sensor-datasheet-revb.pdf
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5. INTRODUCTION TO ACCELEROMETRY (ACC) 

5.1. ACC Basics 

Accelerometry, as the name indicates, refers to the measurement of acceleration. There are many ways to do this, 
such as using video, chronometers, and accelerometers. When compared to other methods, accelerometers have the 
big advantage of allowing to measure instantaneous acceleration of moving bodies or even parts of bodies. Typical 
applications of ACC sensors include posture detection, range of motion estimation, step counting, actigraphy, fall 
detection, vibration analysis, and shock detection. 

 

5.1.1. How does Accelerometry work? A Physiological Overview 
Different types of accelerometers are namely fluid, reluctive, servo, magnetic, strain gauge, piezoresistive, capacitive, 

and piezoelectric of which the latter four are mainly used for human motion.1 

The measurement mechanics can be described by a mass-spring system, Hookes Law (𝐹 = 𝑘𝑥) with 𝐹, 𝑘, and 𝑥 

representing spring force, spring constant, and spring stretch or compression as well as Newtons second law of motion 

(𝐹 =  𝑚𝑎) with 𝐹, 𝑚, and 𝑎 for net force, mass, and acceleration, respectively.1 

𝐹 = 𝑘𝑥 = 𝑚𝑎 

𝑎 =  
𝑘𝑥

𝑚
 

 

Acceleration is measured in g-force (g) or in meters per square second (ms^2). The gravity of the earth is 

1𝐺 = 9.81 𝑚𝑠2.1 Acceleration can be measured in three axes such as X. Y and Z, see Figure 2 below. 

 

Figure 2: Three axes of an accelerometer: X (red), Y (green) and Z (blue). 

5.1.2. How to acquire an ACC? 
When acquiring ACC data, the sensor must be placed on an object for example a body part from which the acceleration 

will be recorded. For this the sensor must be attached to the object in such way that the direction of the three axis are 

clear, see Figure 3 in which the sensor is located on the chest with X, Y, and Z axis pointing towards the right, up and 

to the front, respectively. The person is moving up and down (along the Y-axis) while jumping and the change of signal 

is visualized for X, Y, and Z in red, green, and blue, respectively. As the person is slightly moving into different directions 

while jumping along the Y-axis, a change of signal is also visible in the X and Z directions. 

 
1 Wagner, J. F. "About motion measurement in sports based on gyroscopes and accelerometers—an engineering point of view." Gyroscopy and 

Navigation 9.1 (2018): 1-18. 

(1) 

(2) 
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Figure 3: Jump in Y-direction (up and down) with sensor fixed on a chest strap. 

In the next example the sensor is rotated around the Z-axis with a full 360 degrees rotation, see Figure 4. The change 

of signal of the Z-axis is displayed in blue. 

 

Figure 4: Full rotation around the Z-axis. 
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5.1.3. How to acquire an ACC with BITalino?  
Lets have a look at your assembled ACC from the inside, see Figure 5. Compared to the sensors we have been working 

with, the ACC sensor does not require electrodes to be sticked onto the skin. It can be simply attached to any part of 

the body or clothes and does not need to touch the skin surface. 

 

Figure 5: Assembled ACC sensor form the inside. 

As described in section 5.1.1. accelerometers can measure acceleration in three directions, namely the X, Y and Z 

axes. The assembled ACC sensor contains all three axes (X, Y, and Z) though by default, only the Z-axis is connected. 

Hence, you will only be able to visualize the acceleration of the Z-axis, see Figure 6 in blue. 

 

Figure 6: BITalino Assembled ACC sensor with all 3 axes: X (red), Y (green) and Z (blue). 

 

 

 

  

 

IMPORTANT NOTES: 

When working with the RAW ACC data: 

✓ The calibration values are determined by performing a very slow 360º rotation of the sensor board to 

force the accelerometer to cross the gravity-imposed −1𝑔 and 1𝑔 in each axis. 

✓ It is recommended that filtering or averaging of the data is performed to remove natural tremors (e.g. 

shaky hands) 

 



BITalino  
Home Guide  

 

 

    11 of 13 

 

5.2. Applications – What is ACC used for? 

In Biomechanics, accelerometry can be used as motion tracking (Figure 7) to examine acceleration during walking as 

it is less complex compared to standard gait analysis techniques and it can be used to measure the acceleration of the 

arms if the acceleration is placed appropriately. Additionally to physical activity, accelerometers can be used to measure 

range of motion and vibrations. Examples of applications are the prevention of ergonomic injuries, the evaluation of 

tremors of Parkinson patients and even activity monitoring for dementia patients. 

 

Figure 7: Movement analysis: Inertial measurement unit (IMU) (green) and light bulbs (orange) for video detection. 

Accelerometers are also contained in inertial measurement units (IMUs). IMUs are electronic device that can measure 

linear acceleration with the 3-axes accelerometer, angular velocity with a 3-axes gyroscope and magnetic field strength 

with a magnetometer. IMUs are used in medical applications for example for hand prosthesis in which hand movement, 

position and torque information are captured using this sensor for example for wrist rotation, hand control, and finger 

position, see examples of hand movements in Figure 8. 2 3 

  
  

Figure 8: Hand movements for investigating the use of IMU signals in prosthetic hand control. 

 Did you know?  

➔ That ACC is used for prosthetic hand control?  

If you are interested in prosthesis and machine learning and want to learn more about this topic, check 

out these papers: “Improved prosthetic hand control with concurrent use of myoelectric and inertial 

measurements”3 and “A Recurrent Neural Network for Hand Gesture Recognition based on 

Accelerometer Data”4. 

 

2 Osborn, Luke E., Mark M. Iskarous, and Nitish V. Thakor. "Sensing and control for prosthetic hands in clinical and research applications." Wearable 

Robotics. Academic Press, 2020. 445-468. 

3 Krasoulis, Agamemnon, et al. "Improved prosthetic hand control with concurrent use of myoelectric and inertial measurements." Journal of 
neuroengineering and rehabilitation 14.1 (2017): 1-14. 

4 Koch, Philipp, et al. "A recurrent neural network for hand gesture recognition based on accelerometer data." 2019 41st Annual International 

Conference of the IEEE Engineering in Medicine and Biology Society (EMBC). IEEE, 2019. 

https://link.springer.com/content/pdf/10.1186/s12984-017-0284-4.pdf
https://link.springer.com/content/pdf/10.1186/s12984-017-0284-4.pdf
https://ieeexplore.ieee.org/abstract/document/8856844
https://ieeexplore.ieee.org/abstract/document/8856844
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6. PROTOCOL 

6.1. Body Sensor Setup  

Let’s have a look on how to place the sensor on your body when monitoring the center of gravity/mass, see Figure 9. 

On the left you can see the fixation of the sensor with a chest strap in which the Y-axis points upwards as Figure 4. On 

the right you can see that the Z-axis pointing upwards when holding the sensor in your hand.  

 

 

Figure 9: Assembled ACC Sensor Placement examples: with a chest strap (left) and holding in the hand (right). 

 

6.2. Data Acquisition 

Review: Follow the device setup (1-2) as already explained in Home-Guide #0 and continue with steps 3-12. 

 

1. Connect your BITalino (r)evolution Core BT 

2. Testing your set-up 

 

Live Motion with an Accelerometer (ACC) Sensor: 

3. Connect the Assembled ACC Sensor to one of the analog channels available. 

4. Place the Assembled ACC on the wrist and fixate it with a band, check in which direction your Z-axis is 

pointing. 

5. Start recording data on OpenSignals (r)evolution (if needed, check Home-Guide #0 Section 2 to recall how 

this is done). Set your sampling frequency to a value that is appropriate to the sensor’s bandwidth according 

to the Nyquist Shannon sampling theorem (min. 2 x max. Frequency). 

6. Start recording a signal baseline with low noise and no movements for 30 seconds. 

7. Repeat a cycle of STRAIGHT ARM BICEPS CURL STRAIGHT ARM five times, maintaining both phases for 

five seconds. 

https://drive.google.com/file/d/1-w358zfhW6PrYqMLntKhLt3N9xbIonXB/view?usp=sharing
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8. Record another baseline phase of 30 seconds. 

9. Repeat a cycle of STAND UPRIGHT BURPEE PUSHUP STAND UPRIGHT five times, maintaining both 

phases for five seconds. 

10. Record another baseline phase of 30 seconds. 

11. Stop the recording and save your data.  

6.3. Repeat Activities for different Locations.  

Preform an acquisition using different electrode locations: 

1. Fixate the sensor around the wrist, Z-axis pointing upwards. 

2. Fixating the sensor on a chest strap, Z-axis pointing away. from your body. 

3. Fixating the sensor on a foot, Z-axis pointing upwards 

4. Fixating the sensor on your forehead, Z-axis pointing away from your body. 

 

 For additional information review the last Home-Guide which is available here:  

HOMEGUIDE#2 and the documentation available on the previous section “RELATED 

DOCUMENTATION” 

 

6.4. Elaborate your Report and answer the Quiz. 

Write a report on the performed acquisitions of each brain area, following the acquisition steps mentioned in section 

2. Finally, fill out the quiz and check out the additional documents for help. 

 

  

 

IMPORTANT NOTES: 

Learn more about application examples of the BITalino ACC sensor here 

- BITalino publications 

- BITalino ACC sensor for stroke analysis in swim training 

Learn more about the ACC specifications and working principle on the datasheet available at: 

Accelerometer (ACC) Assembled Sensor Datasheet 

https://drive.google.com/file/d/1DzbjRquBl3rzJ8ZnfICFnz6LmqnmGbzP/view?usp=sharing
https://bitalino.com/documentation/publications
https://www.mdpi.com/2075-4663/7/11/238
https://bitalino.com/storage/uploads/media/assembled-acc-sensor-datasheet.pdf
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7. QUIZ 

 In this section you can find some questions for you to work on during your Home Session and to 

explore the ACC sensor. 

 

Q1. How should the sampling frequency be selected for ACC measurements? 

 

Q2. Is it possible to completely remove the influence of gravitational force from the acquired signals? If yes, 

how and if no, why not? 

 

Q3. Why should we not use the ACC sensor on the head when monitoring body motion? Where should we 

place it and why? 

 

Q4. Is it possible to calculate relative velocities and positions from the ACC sensor? And absolute values? 

Why? 

 

Q5. Do we need to apply any kind of filter when working with ACC data? Why or why not?  

 

Q6. Describe a possible acquisition protocol that would allow to detect a fall and how would it influence the 

acquired signal. 

 

Q7. Describe a possible acquisition protocol that would allow to perform gait analysis and detect incorrect 

walking patterns. 


