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Readme for Button Simulator 
 
 
This is a general instruction about constructing a prototype for Button Simulation via FDVV 
models. Please read thoroughly before starting the hardware prototype or software 
implementation. 
 
All the materials, code, data can be found at: https://userinterfaces.aalto.fi/button-design  
 
Our paper (Button Simulation and Design via FDVV Models, CHI’20) can be found at:  
https://dx.doi.org/10.1145/3313831.3376262 
https://arxiv.org/abs/2001.04352 
 
The document is created by Yi-Chi Liao (yi-chi.liao@aalto.fi) on 2020 Jan, 31st.  
 
 
 

1. Introduction 
 
In our paper (https://dx.doi.org/10.1145/3313831.3376262), we present a novel FDVV (force-
displacement-vibration-velocity) model for better capture the physical properties of a button. Based 
on the model, we demonstrate render the tactility of modelled buttons using a button simulator. This 
project folder contains all the materials needed to replicate the system. For further understand the 
research contributions of our work, please check our paper (Button Simulation and Design via 
FDVV Models, CHI’20). We hope open-sourcing this project can motivate future researchers, 
engineers, and designers investigate the fundamentals of buttons and towards better haptic designs. 
 
 
 

2. File Overview 
 
The sub-folders contain in this folder is organized as such: 
 
1. paper_acmdl: paper, auxiliary material, paper source code (latex). 
 
2. button_data: contains the data of six buttons that we have modeled. There are 6 folders, each 
contains files of a corresponding button. 
  
3. simulator_prototype: 3D print models, laser cutting layers, assembling instruction, and how to 
make the circuits. 
 
4. source_code: programs run on 2 microprocessors – Adafruit ItsyBitsy and Arduino Uno. 
 
 
 
 
 
 



 2 

 

3. General Instruction 
 
1. Prepare all the electronic components 
 
Microprocessors:  
 
Adafruit ItsyBitsy M0 
https://www.adafruit.com/product/3727 
 
Arduino Uno X 2 
https://www.amazon.com/s?k=arduino+uno&ref=nb_sb_noss_2 
 
 
 
Linear position sensor: 
 
MHR 250  
https://www.electronicsdatasheets.com/manufacturers/measurement-specialties/parts/mhr-250 
 
LVM-110 signal conditioner 
https://www.te.com/usa-en/product-CAT-PSI0006.html 
 
MAX17681 DC-DC converter 
https://katalog.we-online.de/en/icref/MAX17681-DB-MAX17681EVKIT-Rev-1_Buck_1 
 
 
 
Linear force actuator: 
 
Moticont HVCM-025-022-003-01 
http://www.moticont.com/HVCM-025-022-003-01.htm 
 
DRV8871 DC Motor Driver Board 
https://www.yeint.fi/elektroniikka/development-tools/internet-of-things/adafruit-drv8871-dc-motor-
driver-
br?gclid=Cj0KCQiAvc_xBRCYARIsAC5QT9kZnoEcDxlqUGjKIAIgjoIY3VakaAh1fXZxD4W5r
hSpwIlI-mDv4u8aAnmFEALw_wcB 
 
 
Vibration motor: 
 
Tectonic TEAX13C02-8/RH 
https://www.parts-express.com/tectonic-teax13c02-8-rh-13mm-exciter-8-ohms--297-214 
 
Adafruit Wave Shield for Arduino Kit 
https://www.adafruit.com/product/94 
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Others: 
 
SG90 tower pro 
https://www.banggood.com/TowerPro-SG90-Mini-Gear-Micro-Servo-9g-For-RC-Airplane-
Helicopter-p-1009914.html 
 
Sparkfun logic level shifter 
https://www.sparkfun.com/products/12009 
 
16V Power supply X 1 
 
9V Power supply X 1 
 
 
2. 3D print models and laser cutting layers 
 
Print all the 3D components (stl files) under the “3. simulator_prototype/3D_print_models”.  
 
Laser cut all the layers needed under “3. simulator_prototype/Laser_cutting_layers” with at least 3 
mm thick materials. 
 
 
3. Physical prototype 
  
Follow the instructions in “3. simulator_prototype/Prototype Assembling Instruction.pdf” to 
construct the physical prototype. 
 
 
4. Circuits 
 
Follow the instructions in “3. simulator_prototype/Circuit Installation.pdf” to connect all the 
circuits. 
 
 
5. Software installation 
 
In order to upload the code onto the microprocessors, you have to download the Arduino IDE. 
Furthermore, you must follow the steps here to have the driver of ItsyBitsy M0 Express board: 
https://learn.adafruit.com/introducing-itsy-bitsy-m0/setup 
 
 
After confirming that the connection from laptop to both microprocessor is ready, find the programs 
in “4. source_code” folder.  
 
The “button_simulation_chi20” folder contains the code “button_simulation_chi20.ino” that should 
be uploaded to the main board – Adafruit ItsyBitsy M0. The “button_wavehc_chi20” folder 
contains the code “button_wavehc_chi20.ino” which is for the Arduino Uno that attached with 
soundwave shield. All the file under the folder “all_sound_wave” should be uploaded to the SD 
card embedded on the Arduino soundwave shield.  
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If you accomplish this step, your simulator is now able to render a Cherry MX Clear. 
 
6. Switching between buttons 
 
If you want to render other buttons, unfortunately you have to manually copy-and-paste the codes 
from text files. The reason being the ItsyBitsy board has only limited memory and thus can not 
contain all the models at the same time. Here’s how.  
 
If you open the “button_simulation_chi20.ino” file, you will see this section between comments. 

 
 
 
This whole section is all the parameters for describing a particular button. Therefore, if you want to 
change to another button, please open any .txt file under the “all_buttons” folder, copy the whole 
file (as shown in the below image), and paste it on top of the original setting (see the previous 
image). Reupload the code to ItsyBitsy M0, the simulation will be renewed. 
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7. Calibration of the button 
 
There are three calibrations you may use to help improve the accuracy. 
 
 
a. Real-time position calibration 
 
While running the system, you can open the Serial Monitor (when the serial port is toward 
ItsyBitsy) and type character “c”. It will re-calibrate the position sensing reference, and use the 
current displacement as the new origin (0 mm) for future displacement sensing. 
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Because the position sensor has (most) linear properties, meaning the sensor value is linear to the a 
actual displacement, such a calibration will be sufficient for most of the time.  
 
However, if you found the displacement reading very unusual, another round of full calibration will 
be required. Please see the following point. 
 
 
b. Full calibration of the position sensor 
 
If you view the program “button_simulation_chi20.ino”, you will find these two parameters, which 
determine the relation between the actual displacement and the reading. You need to change the 
values of these two parameters to have a very accurate sensing. 
 

 
 
In order to do so, you must equip another precise tool for poking the button with accurate depth 
capability. Meaning, you have to gather a set of <depth, sensor value> data, and then conduct a 
linear regression. 
 
 
c. Calibrating the travel range control 
 
For better control the travel range, you need to manually set different degrees of the sg90 servo 
motor and record a set of <servo degree, travel range> data then run a linear regression. Afterward, 
modify the parameters below in the “button_simulation_chi20.ino” program. 
 

 
 


