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Lecture 2:  
Hello, Hardware



Before start...
Please visit and download 

https://www.arduino.cc/ 
→ Software → Downloads → Arduino IDE v1.8.8 

http://processing.org/ 
→ Download → v3.5.3

https://www.arduino.cc/
http://processing.org


Objectives
Setup an environment for the following lectures. 
Understand the hardware. 
Understand basic thresholding and hysteresis.



Our Target Device







Components

Arduino Pro Micro
• Microprocessor board 

• Manufacturer: Sparkfun 
https://www.sparkfun.com/
products/12640 

• Main MCU: ATmega32u4 

• 5V / 16Mhz version 

• Operated with Arduino IDE

GY-521 MPU-6050
• Motion sensor module 

• Documentation: 
https://playground.arduino.cc/
Main/MPU-6050  

• 3-axis accelerometer + gyro 

• 16-bit analog-digital convert 

• Communication: I2C

https://www.sparkfun.com/products/12640
https://www.sparkfun.com/products/12640
https://playground.arduino.cc/Main/MPU-6050
https://playground.arduino.cc/Main/MPU-6050


Schematics

INT    ---  TXO = D1 
SDA   ---  Pin 2: I2C SDA 
SCL    ---  Pin 3: I2C SCL

GY-521 Module --- Arduino Pro Micro



MEMS Sensor (MPU6050)
Micro-Electro-Mechanical System 

Accelerometer 

Gyroscope

ZeptoBars [CC BY 3.0 (https://creativecommons.org/licenses/by/3.0)], via Wikimedia Commons https://www.youtube.com/watch?v=eqZgxR6eRjo 

https://www.youtube.com/watch?v=eqZgxR6eRjo


Arduino Sketch

setup()
This code runs  

only once at startup

loop()
This code repeated 

infinitely



Minimal example
Open Programs/Arduino/MPU6050_minimal 

Select Tools → Board : Arduino Leonardo 
Select Port → COM# (or /dev/cu.*) with (Arduino Leonardo) 

https://playground.arduino.cc/Main/MPU-6050 

https://playground.arduino.cc/Main/MPU-6050


Minimal Example

Hit "Upload" button Outputs on "Serial Monitor"



I2C Communication

SDA   ---  Pin 2: I2C SDA 
SCL    ---  Pin 3: I2C SCL

Master

Slave 
Addr: AA

Slave 
Addr: BB

Slave 
Addr: CC

Clock (SCL)

Data (SDA)

(= TWI, Two-Wire Interface)

Only one master and one slave  
can communicate at same time

MasterSlave  
(addr: 0x68)



setup()
Wire

Arduino library for I2C



I2C Write

beginTransmission
set the slave addr.

write
Queue the data  

(from master to slave)

https://www.arduino.cc/en/reference/wire

endTransmission
Ends a transmission. 

➔ Flushes the bytes that 
were queued by write()

true
send a stop message 

false
keep the connection active 

https://www.arduino.cc/en/reference/wire


I2C Read
https://www.arduino.cc/en/reference/wire

Documents/Datasheet - MPU-6000-Register-Map1.pdf 
(page 6)

read()
read 1 byte

requestFrom()
Request 14 bytes from the MPU

Set the target register

https://www.arduino.cc/en/reference/wire


Serial Output
Processed information are sent through serial output

USB CDC  
(Connected Device Class)

setup()

loop()

Documents/Datasheet - MPU-6000-Register-Map1.pdf 
(page 30)



Exercise
Identify the axis and their directions



Advanced example
Open Programs/Arduino/MPU6050_DMP/MPU6050_DMP.ino, 

add Libraries, 

and Upload.

* Modified from https://github.com/jrowberg/i2cdevlib by Jeff Rowberg 

Programs/Arduino/Lib/ 
I2Cdev.zip 

MPU6050.zip

https://github.com/jrowberg/i2cdevlib


Digital Motion Processor (DMP)
DMP does a complex calculation with raw sensor values.

3-axis acceleration data

3-axis gyroscope data Sensor Fusion Device attitude

https://github.com/jrowberg/i2cdevlib/blob/master/Arduino/MPU6050/MPU6050_6Axis_MotionApps20.h 

https://github.com/jrowberg/i2cdevlib/blob/master/Arduino/MPU6050/MPU6050_6Axis_MotionApps20.h


Digital Motion Processor (DMP)
DMP does a complex calculation with raw sensor values.

https://github.com/jrowberg/i2cdevlib/blob/master/Arduino/MPU6050/MPU6050_6Axis_MotionApps20.h 

https://github.com/jrowberg/i2cdevlib/blob/master/Arduino/MPU6050/MPU6050_6Axis_MotionApps20.h


Digital Motion Processor (DMP)
DMP does a complex calculation with raw sensor values.

/Programs/Arduino/MPU6050_DMP/MPU6050_DMP.ino

Quaternion of the device attitude



Wait, what's quaternion?
Quaternion is a four-dimensional vector to represent 3D rotation.

https://eater.net/quaternions

https://eater.net/quaternions


Digital Motion Processor (DMP)
DMP does a complex calculation with raw sensor values.

/Programs/Arduino/MPU6050_DMP/MPU6050_DMP.ino

Raw Gyroscope values

Raw Accelerometer values



Wrap data in a packet

'$', 0x03   ➔ Start bytes 
+ 8 bytes   ➔ 4 * 16-bit integers (quaternion vector) 
+ 6 bytes   ➔ 3 * 16-bit integers (raw gyroscope values) 
+ 6 bytes   ➔ 3 * 16-bit integers (raw accelerometer values) 
+ '\r', '\n'  ➔ End bytes 

...

/Programs/Arduino/MPU6050_DMP/MPU6050_DMP.ino



Visualizer
Open Programs/Processing/GY_521_Skeleton/GY_521_Skeleton.pde 

add Libraries, 

  and Run

* Modified from https://github.com/jrowberg/i2cdevlib by Jeff Rowberg 

Search for 
grafica 

ToxicLibs

https://github.com/jrowberg/i2cdevlib


Visualizer

• A airplane 
visualizes the 
orientation of the 
sensor. 

• Key activation is 
visualized.

• Useful to monitor 
value change over 
time. 

• Monitor up to 3 
values 

• Please tune your 
method according 
to the value range.

Value plotter



Processing Sketch

setup()
This code runs  

only once at startup

draw()
This code repeated 

infinitely



serialEvent()
This function is executed with a new serial packet.

* Arduino part

* Processing part  
→ align the packet

/Programs/Arduino/MPU6050_DMP/MPU6050_DMP.ino

/Programs/Processing/GY_521_Skeleton/GY_521_Skeleton.pde



serialEvent()
Value retrieval

* Arduino part

* Processing part  
→ read numbers from bytes

/Programs/Arduino/MPU6050_DMP/MPU6050_DMP.ino

/Programs/Processing/GY_521_Skeleton/GY_521_Skeleton.pde



Gravity, Euler angle, YPR
Following values can be calculated from quaternion vector, q[4]. 

Gravity vector 

Euler angle 

Yaw, Pitch, Roll

/Programs/Processing/GY_521_Skeleton/GY_521_Skeleton.pde



Available pre-calculated values



• http://www.freemario.org/  

• Ad will bother you only once 

• "TUTORIALS OFF" option will save your time 

• LEFT, RIGHT, DOWN : move  / Z: jump / X: dash, shoot / S: special skill (don't use)

Exercise: Mario

http://www.freemario.org/


Keyboard functions
Arduino Leonardo (using ATMega32u4) board can be used  

as a native USB input devices.

/Programs/Arduino/MPU6050_DMP/MPU6050_DMP.ino



Send command in Processing
sendCommend() function

/Programs/Processing/GY_521_Skeleton/GY_521_Skeleton.pde



Exercise
Play the Mario game with the device. 

Find appropriate features, and map them to commands. 

Command list: 
CMD_LEFT (=left key),  

CMD_RIGHT (=right key),  
CMD_DOWN (=down key) 

CMD_JUMP (=z key) 
CMD_DASH (=x key)

/Programs/Processing/GY_521_Skeleton/GY_521_Skeleton.pde



Thresholding
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Simple thresholding
Let Mario runs back/forward with X-axis accelerometer. 

Please modify processCommand() function

* ypr[2] ➔ roll
Thresholding

Thresholding

Release keys after use

/Programs/Processing/GY_521_Skeleton/GY_521_Skeleton.pde



Hysteresis

Simple thresholding  
suffers by "chatter" 

Two-threshold (=hysteresis) can 
stabilize the input

By Iainf - Own work, CC BY 3.0, 
 https://commons.wikimedia.org/w/index.php?curid=5750524



Thresholding with Hysteresis
Let Mario runs back/forward with X-axis accelerometer. 

Please modify processCommand() function

/Programs/Processing/GY_521_Skeleton/GY_521_Skeleton.pde

* global variables

processCommand()



Assignment
Complete your controller to clear the first stage. 

Report your method and encountered challenges.


