

    
      
          
            
  
SunFounder X Sense HAT

Thanks for choosing our X Sense HAT.

This manual introduces components list, assembling and programming. It is recommended that you read in order of chapters, I believe you will soon learn to use X Sense HAT.

In addition, the program part is divided into two chapters: Play On Ezblock Studio & Play on Other Programming Platforms, and each of them can get you stated on making X Sense HAT work in way you want.

Ezblock Studio is a development platform developed by SunFounder designed for beginners to lower the barriers to getting started with Raspberry Pi. It has two programming languages: Graphical and Python, and available on almost all different types of devices.
With Bluetooth and Wi-Fi support, you can download code, remote control a Raspberry Pi, on Ezblock Studio.

Of course, you can also use other programming platforms to program X Sense HAT in Python.
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Copyright Notice

All contents including but not limited to texts, images, and code in this manual are owned
by the SunFounder Company. You should only use it for personal study, investigation, enjoyment,
or other non-commercial or nonprofit purposes, under therelated regulations and copyrights laws,
without infringing the legal rights of the author and relevant right holders. For any individual
or organization that uses these for commercial profit without permission, the Company reserves the
right to take legal action.




            

          

      

      

    

  

    
      
          
            
  
About X Sense HAT

[image: _images/x_sense_hat.png]
The X Sense HAT is an add-on board for Raspberry Pi. It includes an 8×8 RGB LED matrix, a joystick，a BME280 sensor and a MPU9250 sensor. At the same time it also equipped with a speaker and a vibration motor, you can use them to make your X Sense HAT more interesting.

It contains the following functions：


	Draw a pixmap and gif


	Detect Temperature


	Detect Humidity


	Detect Pressure


	Detect Acceleration


	Detect Angular velocity


	Detect Geomagnetic Direction


	Detect Attitude Angle


	TTS


	Play Sound Effects


	Play Backgrounds


	Feel the Vibration




[image: _images/Introduction.jpg]
RST Button:


	Short pressing RST Button causes program resetting.


	Long press RST Button, you will disconnect the Bluetooth.




Bluetooth Indicator:

The Bluetooth indicator keeps turning on at a well Bluetooth connection, blink at a Bluetooth disconnection, blink fast at a signal transmission.

MPU9250

MPU-9250 is a 9-axis MotionTracking device that combines a 3-axis gyroscope, 3-axis accelerometer, 3-axis magnetometer and a Digital Motion Processor™ (DMP) all in a small 3x3x1mm package available as a pin-compatible upgrade from the MPU6515.
If you want to know more about it, please check the MPU9250 Datasheet [https://invensense.tdk.com/wp-content/uploads/2015/02/PS-MPU-9250A-01-v1.1.pdf].

BME280

BME280 is an environmental sensor that integrates temperature, humidity, air pressure and trinity. With high-level, multi-function, small size, etc.
If you want to know more about it, please check the BME280 Datasheet [https://www.mouser.com/datasheet/2/783/BST-BME280-DS002-1509607.pdf].




            

          

      

      

    

  

    
      
          
            
  
Components List

[image: _images/list.png]




            

          

      

      

    

  

    
      
          
            
  
Burning System

In addition to playing this product, you ought to flash the system into the Raspberry Pi.


Required Components







	Raspberry Pi

	1 * Power Adapter



	1 * Micro SD Card

	1 * Personal Computer








Procedures


	Prepare the tool of image burning. Here we use the Etcher. Now，download the software from here: Etcher [https://www.balena.io/etcher/].


	Download the Ezblock for Raspberry Pi image file here:
Ezblock for Raspberry Pi [https://ezblock.cc/download/index.html].


	Unzip the package downloaded and you will see the .img file inside.

Note: Do not extract the .img file.



	With Etcher, flash the image file into the Micro SD card.

[image: _images/burning1.png]


	At this point, Ezblock for Raspberry Pi is installed. Please insert the Micro SD card
into your Raspberry Pi.

[image: _images/burning2.png]









            

          

      

      

    

  

    
      
          
            
  
Assembling

[image: _images/Assembling.jpg]




            

          

      

      

    

  

    
      
          
            
  
Play on Ezblock Studio


Introduce Ezblock Studio

Ezblock Studio is a development platform developed by SunFounder designed for beginners to lower the barriers to getting started with Raspberry Pi.
It has two programming languages: Graphical and Python, and available on almost all different types of devices.
With Bluetooth and Wi-Fi support, you can download code, remote control a Raspberry Pi, on Ezblock Studio.

Open App Store (iOS/Mac OS X system) or Play Store (Android/Windows/Linux system), then search and download Ezblock Studio.

[image: _images/tip72.png]
Please get detailed tutorial of Ezblock Studio at: Get Start with Ezblock Studio [https://docs.sunfounder.com/projects/ezblock3/en/latest/#].



Programming

If you are a programming newbie, it is recommended to learn Block programming first. You can quickly program the X Sense HAT with a simple drag and drop.

When you have a sufficient understanding of X Sense HAT, or when you want to challenge your Python programming ability, you can choose Python programming.



	For Block User

	For Python User










            

          

      

      

    

  

    
      
          
            
  
For Block User

Here we just show you the effect of this example implementation and the functions of the blocks used. You can go directly to the Examples page of Ezblock Studio to see the full codes and run them.

The examples are from simple to complex and it is recommended to run them in order.



	Display Graphics

	Test the Vibration Motor

	Display Temperature

	Sound Effect

	Music Player

	Point Line Rectangle Circle

	Calibrate the MPU9250

	Read from MPU9250

	Attitude Angle

	Make Gif

	Spirit Level

	Gravity Ball Game

	Compass

	Smart Sense HAT








            

          

      

      

    

  

    
      
          
            
  
Display Graphics

Firstly, we need to know how to simply use the RGB dot matrix screen. Here we will draw a funny character and show a heart on the screen.


TIPS

You can draw a graphic on this block and display it on X Sense HAT.

[image: _images/tip1.png]
This block is used to display different graphics and customise their colours.


	The first parameter is used to modify the colour, clicking on it will bring up a colour matrix where you can choose the colour you like.


	The graphic is selected by clicking on the drop-down box of the second parameter.




[image: _images/tip3.png]
Select the colour for the RGB matrix screen.


[image: _images/tip2.png]





EXAMPLE

[image: _images/example1.png]




            

          

      

      

    

  

    
      
          
            
  
Test the Vibration Motor

We can use the slider in the Bluetooth Control page to control the frequency of the vibration motor on the X Sense HAT.


TIPS

To use the remote control function, you need to enter the Bluetooth Control page from the left side of Programming page.

[image: _images/python1.png]
Here we drag a Slider from the Controllers category, then return to the Programming page.

[image: _images/tip5.png]
A new category-Remote containing the following block will appear on the Programming page. This block is used to get the value of the slider.

[image: _images/tip7.png]
This block is used to adjust the vibration frequency of the vibration motor, the range is 0-100.

[image: _images/tip8.png]


EXAMPLE

[image: _images/example2.png]




            

          

      

      

    

  

    
      
          
            
  
Display Temperature

At this time the X Sense HAT is a thermometer to display the current temperature. You can also check the current temperature remotely on your device.


TIPS

This block is used to read the results detected by the BME280 and you can choose to read temperature (Celsius and Fahrenheit) or pressure or humidity via the drop down menu options.

[image: _images/tip9.png]
You can use this block to display the scrolling text on the X Sense HAT.


	First Parameter: The text you want to display.


	Second Parameter：The speed of the text scrolling (in seconds/column).


	Third Parameter: The text colour, can be modified by clicking on it.




[image: _images/tip81.png]
Here we drag a digital tube from the Bluetooth Control page to display the temperature value.

[image: _images/tip10.png]
This block displays the entered parameters on the Digital Tube.

[image: _images/tip11.png]
you may want to use text block to print the combination of texts & data at once.

[image: _images/tip12.png]


EXAMPLE

[image: _images/example3.png]




            

          

      

      

    

  

    
      
          
            
  
Sound Effect

X Sense HAT can make voice. You can enter text to make it speak, or make specific sound effects.
Let us fire a gun as soon as a 3s countdown stops.


TIPS

Write the texts in this block, and X Sense HAT will say it. It can be used with Text block.

[image: _images/tip13.png]
A number block.

[image: _images/tip14.png]
You may want to use repeat block which can help you repeatedly execute the same statement and reduce code size.

[image: _images/tip15.png]
Mathematical Operation block can perform ” + , - , x , ÷ “.

[image: _images/tip16.png]
This block can emit some preset sound effects, such as siren sound, gun sound and so on. The range of volume is 1~100.

[image: _images/tip17.png]
You may want to simplify your program with Variable, for example, when you have multiple functions that need to read the obstacle distance, you don’t need to read the value for each function, just load the value into a variable and use it multiple times.

Click the Create variable button on the Variables category to create a variable.

[image: _images/tip19.png]
[image: _images/tip18.png]


EXAMPLE

[image: _images/example4.png]




            

          

      

      

    

  

    
      
          
            
  
Music Player

In this example, the X Sense HAT acts as a Music Player, the up and down buttons of the joystick to control the volume of the Music Player and the left and right buttons to control the pause or play of the music.


TIPS

You can choose different background music in the block drop-down menu to let X Sense HAT play.

[image: _images/tip20.png]
Adjust the volume in the range “0 ~ 100”.

[image: _images/tip21.png]
Use this block to limit the input parameters in a rang(from low() to high()).

[image: _images/tip61.png]
To achieve conditional judgment of if type, you need to use an if do block.

[image: _images/tip31.png]
When you need to implement multiple conditional judgments, you will have to change if do into if else do or else if do.

This can be achieved by clicking on the upper left corner setting icon.

[image: _images/tip73.png]


EXAMPLE

[image: _images/example5.png]




            

          

      

      

    

  

    
      
          
            
  
Point Line Rectangle Circle

By creating a coordinate we can draw a point, a line, a rectangle and a circle at the  specified location on the X Sense HAT.


TIPS

The coordinate system of X Sense HAT takes the RGB LED at the bottom left corner as the coordinate origin (0,0) to establish the X axis and Y axis.
The coordinate of the lit red RGB light is (2,1).

[image: _images/tip22.jpg]
You can use this block clear the content on the RGB dot matrix.

[image: _images/tip23.png]
This block can draw a point on the specified coordinate.

[image: _images/tip76.png]
This block can draw a line between 2 coordinates.

[image: _images/tip77.png]
This block can draw a rectangle between 2 coordinates, where the first coordinate is the vertex of the lower left corner, and the second coordinate is the vertex of the upper right corner. Modify the drop-down options, you can choose rectangle or box.

[image: _images/tip79.png]
This block can draw a circle with the specified coordinate as the center, you can enter the diameter of the circle in the first parameter.

[image: _images/tip78.png]
Through this block, the drawn content can be displayed on the RGB dot matrix.

[image: _images/tip28.png]


EXAMPLE

[image: _images/example6.png]




            

          

      

      

    

  

    
      
          
            
  
Calibrate the MPU9250

The InvenSense MPU9250 is a System in Package (SiP) that combines two chips: the MPU-6500 three-axis Accelerometer and three-axis Gyroscope; and the AK8963 three-axis Magnetometer.

Before using the MPU9250 chip, we need to calibrate different chips.


TIPS

Here we drag a Switch from the Bluetooth Control page to start the Mpu9250 calibration.

[image: _images/tip29.png]
The block reads the status of the Switch.

[image: _images/tip30.png]
This block is used to calibrate Gyroscope and Accelerometer.

[image: _images/tip32.png]
Use the following block to calibrate the Magnetometer.

[image: _images/tip33.png]


EXAMPLE

[image: _images/example7.png]


Calibrate Accelerometer and Gyroscope

After running the code, place the X Sense HAT horizontally, turn the A switch on and turn it off after 2 seconds, then the calibration is complete.

The X Sense HAT records the current horizontal position as a 0 degree point on the different axes of the Accelerometer and Gyroscope.

Once calibration is complete, press the Joystick on the X Sense HAT to confirm.



Calibrate Magnetometer

The figure below is the coordinate system that will be used to calibrate the magnetometer.

[image: _images/tip34.jpg]
Turn the B switch on（keep switch A off）, rotate the X Sense HAT clockwise around the y-axis by 720° and then rotate it back (also 720°), please control the speed so that the process takes about 15s.

[image: _images/tip35.jpg]
Similarly, rotate the X Sense HAT clockwise around the x-axis by 720° and then rotate it back (also 720°), please control the speed so that the process takes about 15s.

[image: _images/tip36.jpg]
Finally, rotate the X Sense HAT clockwise around the z-axis by 720° and then rotate it back (also 720°), please control the speed so that the process takes about 15s.

Turn off switch B to complete the calibration.

[image: _images/tip37.jpg]
Once calibration is complete, press the Joystick on the X Sense HAT to confirm.





            

          

      

      

    

  

    
      
          
            
  
Read from MPU9250

After calibrating the MPU9250 chip, let’s print the data read by the MPU9250 chip.


TIPS

A block to output the data read by the MPU9250 chip.


	First Parameter: Choose accelerometer, gyroscope or magnetometer.


	Second Parameter: Choose x, y or z.




For example, if you select accelerometer and x, the acceleration value of X Sense HAT on the x-axis will be returned.

[image: _images/tip38.png]
The Print function can print data such as variables and text for easy debugging.

[image: _images/tip39.png]
After clicking on the bug icon in the bottom left corner, the data printed by the print function will appear in the Debug Monitor.

[image: _images/tip40.png]


EXAMPLE

[image: _images/example8.png]


Accelerometer and Gyroscope

The following diagram shows the coordinate system for the Acelerometer and Gyroscope.

[image: _images/tip41.png]

Note

Note the positive direction on each axis.




Accelerometer

Through the Accelerometer, we can read the acceleration values of the X Sense HAT on the different axes in g.

Place the X Sense HAT horizontally. At this time, the X Sense HAT will be subjected to a vertical downward acceleration of gravity, which is g (g=9.80665 N/kg).

[image: _images/tip42.jpg]
When we print the acceleration value on the z-axis, the Debug Monitor will display a value around -1. Since the acceleration value is on the negative half axis of the z-axis, the unit is negative.

[image: _images/tip62.png]
Rotate the X Sense HAT clockwise around the y-axis. At this time, the gravitational acceleration received by the X Sense HAT can be decomposed into an acceleration on the x-axis and
an acceleration on the z-axis, we can print these 2 accelerations on the Debug Monitor.

[image: _images/tip63.png]


Gyroscope

Through the Gyroscope, we can read the angular velocity values ​​of X Sense HAT on different coordinate axes, the unit size is degrees/second.

The judgment of the unit symbol follows the right-hand spiral rule. Hold the axis with your right hand and the thumb points in the direction of the positive semi-axis.

At this time, the direction pointed by the four fingers is the positive direction of the angular velocity value.

[image: _images/tip64.jpg]
Print the angular velocity value on the y-axis.

[image: _images/tip65.png]
Rotate the X Sense HAT clockwise around the y-axis. Because the angle of the X Sense HAT changes, the angular velocity value of the y-axis is generated and will be printed on Debug Monitor.
According to the right-hand screw rule, its unit is positive.

[image: _images/tip44.jpg]



Magnetometer

The following diagram shows the coordinate system for the Magnetometer.

[image: _images/tip56.jpg]

Note

Note the positive direction on each axis.



Through the magnetometer, we can read the magnetic field strength of X Sense HAT on different coordinate axes, the unit size is 15μT.

We can put a magnet on the positive x-axis of the X Sense HAT.

[image: _images/tip66.jpg]
Then print the value of the magnetic field strength on the positive semi-axis of the x-axis (in positive unit).

[image: _images/tip67.png]




            

          

      

      

    

  

    
      
          
            
  
Attitude Angle

The X Sense HAT calculates the attitude angle of the current position so that we can know whether the X Sense HAT horizontal or not.


TIPS

You can read the attitude angle of X Sense HAT through this block, modify the drop-down menu options, and then choose to read roll angle or pitch angle.

[image: _images/tip48.png]


EXAMPLE

[image: _images/example10.png]


Using help

This is the coordinate system of the attitude angle.

[image: _images/tip56.jpg]

Note

Note the positive direction on each axis.



The unit symbol of the attitude angle also follows the right-hand spiral rule.

Hold the x-axis with your right hand and the thumb points in the direction of the positive semi-axis.
At this time, the direction pointed by the four fingers is the positive direction of the roll angle.

In the same way, hold the y-axis with your right hand and the thumb points in the direction of the positive semi-axis.
At this time, the direction pointed by the four fingers is the positive direction of the pitch angle.

[image: _images/tip57.jpg]
After the code runs, and then place the X Sense HAT horizontally, 0 will be printed on the Debug Monitor.

If you rotate the X Sense HAT 30 degrees clockwise around the x-axis, 30 will be printed on the Debug Monitor.

[image: _images/tip70.jpg]
Now change the drop-down menu to pitch, and then re-run the code.

[image: _images/tip74.png]
Rotate the X Sense HAT 30 degrees counterclockwise around the y-axis, -30 will be printed on the Debug Monitor.

[image: _images/tip69.jpg]




            

          

      

      

    

  

    
      
          
            
  
Make Gif

Draw multiple independent actions on the dot matrix screen. After the code runs, you can see a GIF animation.


EXAMPLE

[image: _images/example11.png]




            

          

      

      

    

  

    
      
          
            
  
Spirit Level

Make X Sense HAT a spirit level. By reading the changes in roll angle and pitch angle, we can know whether the X Sense HAT is level.


TIPS

The map block can remap a number from one range to another. If a number is 50，it is at 50% position
of the range of 0~100; then if we map it to the range 0~255 via the map block, the number will be 127.5.

[image: _images/tip49.png]
Logical expression - and. If both conditions are true, the result is true.

[image: _images/tip50.png]
The round block can be used to round out the value after the decimal point. If the first decimal point is less than 5, it is directly discarded, and vice versa. For example, 1.25 will become 1 after rounding down.

[image: _images/tip51.png]


EXAMPLE


Note

You can find the full code on the Examples page of Ezblock Studio.



[image: _images/example12.png]




            

          

      

      

    

  

    
      
          
            
  
Gravity Ball Game

Next, we have a gravity ball game on X Sense HAT. After pressing the joystick, the game starts. You need to keep the ball in the middle, if the ball hits the edge, the game is over.


TIPS

A repeating block, when the condition is true, the code in do is executed repeatedly.

[image: _images/tip52.png]
Interrupt the most recent loop, but cannot exit the loop of the Forever statement.

[image: _images/tip53.png]
Here, we also use to do something block to create a new funtion, but the block does not return any value.

[image: _images/tip54.png]


EXAMPLE


Note

You can find the full code on the Examples page of Ezblock Studio.



[image: _images/example13.png]


What’s More

Our current code deals with the trajectory changes of the ball movement in the way of progressive coordinate values.

If you want to simulate the real gravity sensing ball on the X Sense HAT, you can use the formula S = 1/2 * a * t ^ 2
to calculatet the moving distance of the ball on different axes. For example, we read that the acceleration of the X Sense HAT on the x-axis is a1,
then at time t1, the X Sense HAT shifts S1 (1/2 * a1 * t1 ^ 2) on the x-axis and S2 (1/2 * a2 * t1 ^ 2) on the Y axis.
If the original coordinates of the ball are (x1, y1), then after t1 time, its coordinates will change to (X1 + S1, y1 + S2).

You can try to write this code to make this experiment more interesting by changing the acceleration of the ball.





            

          

      

      

    

  

    
      
          
            
  
Compass

We make X Sense HAT into a compass. Draw a circle on the RGB dot matrix, and then use the green dot to indicate the current direction, and the red dot to indicate the true north direction.


TIPS

This block reads the current compass direction, and you can select the Azimuth bearing or Quadrant bearing by modifying the drop-down options.

[image: _images/tip46.png]
You can use List block to simplify your program. Here we have created a list to record the coordinates of each point on the circle.

[image: _images/tip58.png]
Get or remove the elements in the list.


	First Parameter: Select different lists


	Second Parameter: get or remove the elements in the list.


	Third Parameter: Elements at different positions in the list.




[image: _images/tip59.png]
Use this block to take the remainder of the result of the division formula.

[image: _images/tip60.png]
The green arrow indicates the detect direction of X Sense HAT, you can use it to judge the current position.

[image: _images/tip71.png]
Azimuth Bearing refers to the number on the outer circle and the Azimuth is the angle from the north direction line to the target direction line in a clockwise direction.
For example, 0 degrees is the direction of true north, and 30 degrees is the direction of 30° east by north.

[image: _images/tip47.png]
Quadrant Bearing divides the direction of the compass into eight equal parts. For example, the NE direction is between 22.5 degrees and 67.5 degrees.
And between 67.5 degrees and 112.5 degrees is the E direction.


[image: _images/tip68.jpg]





EXAMPLE


Note

You can find the full code on the Examples page of Ezblock Studio.



[image: _images/example14.jpg]




            

          

      

      

    

  

    
      
          
            
  
Smart Sense HAT

We integrate the functions of X Sense HAT into a menu interface, press and hold the arrow keys of the joystick to select different functions, and press the joystick to execute the current function.


EXAMPLE


Note

You can find the full code on the Examples page of Ezblock Studio.



[image: _images/example15.png]




            

          

      

      

    

  

    
      
          
            
  
For Python User

Here we just show you the effect of this example implementation. You can go directly to the Examples page of Ezblock Studio to see the full codes and run them.

The examples are from simple to complex and it is recommended to run them in order.


Display Graphics

Here we will draw a funny character and show a heart on the screen.



Testthe Vibration Motor

We can use the slider in the Bluetooth Control page to control the frequency of the vibration motor on the X Sense HAT.

Click the remote controller icon to enter the Bluetooth Control page.

[image: _images/python1.png]
Click the start button at the top right, and then try to slide the bar.

[image: _images/python2.jpg]


Display Temperature

At this time the X Sense HAT is a thermometer to display the current temperature. You can also check the current temperature remotely on your device.



Sound Effect

X Sense Hat can make voice. You can type text to make it speak, or make specific sound effects.
Let us fire a gun as soon as a 3s countdown stops.



Music Player

In this example, the X Sense HAT acts as a Music Player, the up and down buttons of the joystick to control the volume of the Music Player and the left and right buttons to control the pause or play of the music.



Point Line Rectangle Circle

By creating a coordinate we can draw a point, a line, a rectangle and a circle at the  specified location on the X Sense HAT.



Calibrate the MPU9250

The InvenSense MPU9250 is a System in Package (SiP) that combines two chips: the MPU-6500 three-axis Accelerometer and three-axis Gyroscope; and the AK8963 three-axis Magnetometer.

Before using the MPU9250 chip, we need to calibrate different chips.

Calibrate Accelerometer and Gyroscope

After running the code, place the X Sense HAT horizontally, turn the A switch on and turn it off after 2 seconds, then the calibration is complete.

The X Sense HAT records the current horizontal position as a 0 degree point on the different axes of the Accelerometer and Gyroscope.

Once calibration is complete, press the Joystick on the X Sense HAT to confirm.

Calibrate Magnetometer

The figure below is the coordinate system that will be used to calibrate the magnetometer.

[image: _images/tip34.jpg]
Turn the B switch on（keep switch A off）, rotate the X Sense HAT clockwise around the y-axis by 720° and then rotate it back (also 720°), please control the speed so that the process takes about 15s.

[image: _images/tip35.jpg]
Similarly, rotate the X Sense HAT clockwise around the x-axis by 720° and then rotate it back (also 720°), please control the speed so that the process takes about 15s.

[image: _images/tip36.jpg]
Finally, rotate the X Sense HAT clockwise around the z-axis by 720° and then rotate it back (also 720°), please control the speed so that the process takes about 15s.

Turn off switch B to complete the calibration.

[image: _images/tip37.jpg]
Once calibration is complete, press the Joystick on the X Sense HAT to confirm.



Read from MPU9250

After calibrating the MPU9250 chip, let’s print the data read by the MPU9250 chip.

The following diagram shows the coordinate system for the Acelerometer and Gyroscope.

[image: _images/tip41.png]

Note

Note the positive direction on each axis.



Accelerometer

Through the Accelerometer, we can read the acceleration values of the X Sense HAT on the different axes in g.

Place the X Sense HAT horizontally. At this time, the X Sense HAT will be subjected to a vertical downward acceleration of gravity, which is g (g=9.80665 N/kg).

[image: _images/tip42.jpg]
When we print the acceleration value on the z-axis, the Debug Monitor will display a value around -1. Since the acceleration value is on the negative semi-axis of the z-axis, the unit is negative.

def forever():
    print("%s"%(imu.read("accel","z")))
    delay(100)





Rotate the X Sense HAT clockwise around the y-axis. At this time, the gravitational acceleration received by the X Sense HAT can be decomposed into an acceleration on the x-axis and
an acceleration on the z-axis, we can print these 2 accelerations on the Debug Monitor.

def forever():
    print("%s"%('-----------------'))
    print("%s"%(imu.read("accel","x")))
    print("%s"%(imu.read("accel","z")))
    delay(100)





Gyroscope

Through the Gyroscope, we can read the angular velocity values ​​of X Sense HAT on different coordinate axes, the unit size is degrees/second.

The judgment of the unit symbol follows the right-hand spiral rule. Hold the axis with your right hand and the thumb points in the direction of the positive semi-axis.

At this time, the direction pointed by the four fingers is the positive direction of the angular velocity value.

[image: _images/tip64.jpg]
Print the angular velocity value on the y-axis.

def forever():
    print("%s"%(imu.read("gyro","y")))
    delay(100)





Rotate the X Sense HAT clockwise around the y-axis. Because the angle of the X Sense HAT changes, the angular velocity value of the y-axis is generated and will be printed on Debug Monitor.
According to the right-hand screw rule, its unit is positive.

[image: _images/tip44.jpg]
Magnetometer

The following diagram shows the coordinate system for the Magnetometer.

[image: _images/tip56.jpg]

Note

Note the positive direction on each axis.



Through the magnetometer, we can read the magnetic field strength of X Sense HAT on different coordinate axes, the unit size is 15μT.

We can put a magnet on the positive x-axis of the X Sense HAT.

[image: _images/tip66.jpg]
Then print the value of the magnetic field strength on the positive semi-axis of the x-axis (in positive unit).

def forever():
    print("%s"%(imu.read("mag","x")))
    delay(100)







Attitude Angle

The X Sense HAT calculates the attitude angle of the current position so that we can know whether the X Sense HAT horizontal or not.

This is the coordinate system of the attitude angle.

[image: _images/tip56.jpg]
The unit symbol of the attitude angle also follows the right-hand spiral rule.

Hold the x-axis with your right hand and the thumb points in the direction of the positive semi-axis.
At this time, the direction pointed by the four fingers is the positive direction of the roll angle.

In the same way, hold the y-axis with your right hand and the thumb points in the direction of the positive semi-axis.
At this time, the direction pointed by the four fingers is the positive direction of the pitch angle.

[image: _images/tip57.jpg]
After the code runs, and then place the X Sense HAT horizontally, 0 will be printed on the Debug Monitor.

If you rotate the X Sense HAT 30 degrees clockwise around the x-axis, 30 will be printed on the Debug Monitor.

[image: _images/tip70.jpg]
Now change the aram variable to pitch, and then re-run the code.

def forever():
  print("%s"%(imu.get_posture_angle(aram = "pitch")))
  delay(100)





Rotate the X Sense HAT 30 degrees counterclockwise around the y-axis, -30 will be printed on the Debug Monitor.

[image: _images/tip69.jpg]


Make Gif

Draw multiple independent actions on the dot matrix screen. After the code runs, you can see a GIF animation.



Spirit Level

Make X Sense HAT a spirit level. By reading the changes in roll angle and pitch angle, we can know whether the X Sense HAT is level.



Gravity Ball Game

Next, we have a gravity ball game on X Sense HAT. After pressing the joystick, the game starts. You need to keep the ball in the middle, if the ball hits the edge, the game is over.



Compass

We make X Sense HAT into a compass. Draw a circle on the RGB dot matrix, and then use the green dot to indicate the current direction, and the red dot to indicate the true north direction.

The green arrow indicates the detect direction of X Sense HAT, you can use it to judge the current position.

[image: _images/tip71.png]
Azimuth Bearing refers to the number on the outer circle and the Azimuth is the angle from the north direction line to the target direction line in a clockwise direction.
For example, 0 degrees is the direction of true north, and 30 degrees is the direction of 30° east by north.

[image: _images/tip47.png]
Quadrant Bearing divides the direction of the compass into eight equal parts. For example, the NE direction is between 22.5 degrees and 67.5 degrees.
And between 67.5 degrees and 112.5 degrees is the E direction.

[image: _images/tip68.jpg]


Smart Sense HAT

We integrate the functions of X Sense HAT into a menu interface, press and hold the arrow keys of the joystick to select different functions, and press the joystick to execute the current function.





            

          

      

      

    

  

    
      
          
            
  
Play on Other Programming Platforms

This chapter is used to set up Raspberry Pi, from configure the Raspberry Pi environment to download and run the sample python code of X Sense HAT.


Note

You must burn the Ezblock system first. If you use Raspberry Pi OS, the sample codes we provided for X Sense HAT will not be available.





	Get Started With Raspberry Pi

	Python Programming









            

          

      

      

    

  

    
      
          
            
  
Get Started With Raspberry Pi


Connect the Raspberry Pi to the Internet

You need to modify a Wi-Fi configuration file wpa_supplicant.conf in the Micro SD
card by your PC that is located in the directory /etc/wpa_supplicant/.

If your personal computer is working on a linux system, you can access the directory
directly to modify the configuration file; however, if your PC use Windows system,
then you can’t access the directory and what you need next is to go to the directory,
/boot/ to create a new file with the same name,
wpa_supplicant.conf
.

[image: _images/start1.png]
Input the following content in the file:

ctrl_interface=DIR=/var/run/wpa_supplicant GROUP=netdev
update_config=1
country=COUNTRY
network={
ssid="SSID"
psk="PASSWORD"
key_mgmt=WPA-PSK
priority=1
}






Note


	COUNTRY should be set the two-letter ISO/IEC alpha2 code for the country in which you are using your Raspberry Pi, please refer to the following link:




https://en.wikipedia.org/wiki/ISO_3166-1_alpha-2#Officially_assigned_code_elements


	You need to replace “SSID” with your custom name of WiFi and “PASSWORD” with your password. By doing these, the Raspberry Pi OS will move this file to the target directory automatically to overwrite the original WIFI configuration file when it runs next time.








Start SSH

To use the function of remote control of the Raspberry Pi, you need to start SSH firstly that is a more reliable protocol providing security for remote login sessions and other network services. Generally, SSH of Raspberry Pi is in a disabled state. Additionally, if you want to run it, you need to create a file named SSH under directory /boot/.

[image: _images/ssh.png]
Now, the Ezblock system is configured. When the Micro SD card is inserted into the Raspberry Pi, you can use it immediately.



Get the IP Address

After the Raspberry Pi is connected to Wi-Fi, we need to get the IP address of it. There
are many ways to know the IP address, and two of them are listed as follows.


Checking via Router

If you have permission to log in the router (such as a home network), you can check
the addresses assigned to Raspberry Pi on the admin interface of router.

The default hostname of the system, Raspbian is raspberrypi, and you need to find it.
(If you are using ArchLinuxARM system, please find alarmpi.)



Network Segment Scanning

You can also use network scanning to look up the IP address of Raspberry Pi. You can
apply the software,
Advanced IP scanner
and so on.

Scan the IP range set, and the name of all connected devices will be displayed.
Similarly, the default hostname of the Raspbian system is raspberrypi, now you need to
find the hostname.




Remote Control

We can open the Bash Shell of Raspberry Pi by applying SSH. Bash is the standard default
shell of Linux. The Shell itself is a program written in C that is the bridge linking
the customers and Unix/Linux. Moreover, it can help to complete most of the work
needed.


For Linux or/Mac OS X Users

1.Go to Applications->Utilities, find the Terminal, and open it.

[image: _images/start2.png]
2.Type in ssh pi@ip_address. “pi” is your username and “ip_address” is your IP ad-
dress. For example:

ssh pi@192.168.18.197





3.Input ”yes”.

[image: _images/start3.png]
4.Input the passcode and the default password is “raspberry”.

[image: _images/start4.png]

Note

When you input the password, the characters do not display on window accordingly, which is normal. What you need is to input the correct passcode.



5.We now get the Raspberry Pi connected and are ready to go to the next step.

[image: _images/start5.png]


For Windows Users

If you’re a Windows user, you can use SSH with the application of some software.
Here, we recommend PuTTY.

1.Download PuTTY.

2.Open PuTTY and click Session on the left tree-alike structure. Enter the IP address
of the RPi in the text box under Host Name (or IP address) and 22 under Port (by default it is 22).
Click Open.

[image: _images/start6.png]

Note

When you first log in to the Raspberry Pi with the IP address, there prompts a security reminder. Just click Yes.



3.When the PuTTY window prompts “login as:”, type in “pi” (the user name of the
RPi), and password: “raspberry” (the default one, if you haven’t changed it).

[image: _images/start7.png]

Note

When you input the password, the characters do not display on window accordingly, which is normal. What you need is to input the correct passcode.



4.Here, we get the Raspberry Pi connected and it is time to conduct the next steps.

[image: _images/start8.png]





            

          

      

      

    

  

    
      
          
            
  
Python Programming


Download the Code

We can download the example codes by using git clone in the Raspberry Pi.

Change directory to /home/pi.

cd /home/pi/






Note

cd, short for change directory is to change from the current path to the
intended directory. Informally, here is to go to the path /home/pi/.



Clone the repository from github.

git clone https://github.com/sunfounder/x-sense-hat.git







Stop Ezblock Service

The running of codes is based on Ezblock Studio.
Please stop Ezblock at first.

sudo service ezblock stop





If you want to restart Ezblock, please run:

sudo service ezblock start





Ezblock is a startup program, and you can select the different commands to decide
whether the program runs at startup or not:

sudo service ezblock-reset stop





sudo service ezblock-reset start







Run the Codes

Here we just show you the effect of this example implementation. You can go directly to the examples folder to see the full codes and run them.

The examples are from simple to complex and it is recommended to run them in order.

cd /home/pi/x-sense-hat/examples





You can run the python codes by the following command:

sudo python3 1.display_graphics.py






1.display_graphics.py

Here we will draw a funny character and show a heart on the screen.



2.test_the_vibration_motor.py

After running the code, the motor on the X Sense HAT will vibrate faster and faster.



3.display_temperature.py

At this time the X Sense HAT is a thermometer to display the current temperature.



4.sound_effect.py

X Sense Hat can make voice. You can type text to make it speak, or make specific sound effects.
Let us fire a gun as soon as a 3s countdown stops.

If you want to manually add some sound effects, you can upload your sound
effects to the path /home/pi/Sound/ via FTP. Steps are:

1) Download desired sound effects to your PC and then download a FileZilla
software.

2) Start FileZilla then enter Host: 192.xxx.xx.xxx, Usename: xx, Password:
xxxxxxxx, Port: 22 and click Quickconnect. Copy the desired sound effects to
/home/pi/Sound/.

3) Modify the function: sound_effect_play('Weapon_Continue_Shooting.wav',50)
the sound effect file in this example.

[image: _images/start9.png]


5.music_player.py

In this example, the X Sense HAT acts as a Music Player, the up and down buttons of the joystick to control the volume of the Music Player and the left and right buttons to control the pause or play of the music.

To add music, you can try to upload your music to the path /home/pi/Music/ via
FTP. Rename the music file in the function background_music('spry.mp3').



6.point_line_rectangle_circle.py

By creating a coordinate we can draw a point, a line, a rectangle and a circle at the  specified location on the X Sense HAT.



7.calibrate_the_accelerometer_and_gyroscope.py

The InvenSense MPU9250 is a System in Package (SiP) that combines two chips: the MPU-6500 three-axis Accelerometer and three-axis Gyroscope; and the AK8963 three-axis Magnetometer.

Before using the MPU9250 chip, we need to calibrate different chips.

After running the code, place the X Sense HAT horizontally. After 2 seconds, press the Joystick on the X Sense HAT to confirm, and then press Ctrl + C to exit the operation of the code, and the calibration is completed.

The X Sense HAT records the current horizontal position as a 0 degree point on the different axes of the Accelerometer and Gyroscope.



8.calibrate_the_magnetometer.py

The figure below is the coordinate system that will be used to calibrate the magnetometer.

[image: _images/tip34.jpg]
Download this code, Turn the B switch on（keep switch A off), rotate the X Sense HAT clockwise around the y-axis by 720° and then rotate it back (also 720°), please control the speed so that the process takes about 15s.

[image: _images/tip35.jpg]
Similarly, rotate the X Sense HAT clockwise around the x-axis by 720° and then rotate it back (also 720°), please control the speed so that the process takes about 15s.

[image: _images/tip36.jpg]
Finally, rotate the X Sense HAT clockwise around the z-axis by 720° and then rotate it back (also 720°), please control the speed so that the process takes about 15s.

[image: _images/tip37.jpg]
Once calibration is complete, press the Joystick on the X Sense HAT to confirm. Then press Ctrl + C to exit the operation of the code.



9.read_from_mpu9250.py

After calibrating the MPU9250 chip, let’s print the data read by the MPU9250 chip.

The following diagram shows the coordinate system for the Acelerometer and Gyroscope.

[image: _images/tip41.png]

Note

Note the positive direction on each axis.



Accelerometer

Through the Accelerometer, we can read the acceleration values of the X Sense HAT on the different axes in g.

Place the X Sense HAT horizontally. At this time, the X Sense HAT will be subjected to a vertical downward acceleration of gravity, which is g (g=9.80665 N/kg).

[image: _images/tip42.jpg]
When we print the acceleration value on the z-axis, the shell will display a value around -1. Since the acceleration value is on the negative semi-axis of the z-axis, the unit is negative.

def forever():
  while True:
    print("%s"%(imu.read("accel","z")))
    delay(100)





Rotate the X Sense HAT clockwise around the y-axis. At this time, the gravitational acceleration received by the X Sense HAT can be decomposed into an acceleration on the x-axis and
an acceleration on the z-axis, we can print these 2 accelerations on the shell.

def forever():
  while True:
    print("%s"%('-----------------'))
    print("%s"%(imu.read("accel","x")))
    print("%s"%(imu.read("accel","z")))
    delay(100)





Gyroscope

Through the Gyroscope, we can read the angular velocity values ​​of X Sense HAT on different coordinate axes, the unit size is degrees/second.

The judgment of the unit symbol follows the right-hand spiral rule. Hold the axis with your right hand and the thumb points in the direction of the positive semi-axis.

At this time, the direction pointed by the four fingers is the positive direction of the angular velocity value.

[image: _images/tip64.jpg]
Print the angular velocity value on the y-axis.

def forever():
  while True:
    print("%s"%(imu.read("gyro","y")))
    delay(100)





Rotate the X Sense HAT clockwise around the y-axis. Because the angle of the X Sense HAT changes, the angular velocity value of the y-axis is generated and will be printed on shell.
According to the right-hand screw rule, its unit is positive.

[image: _images/tip44.jpg]
Magnetometer

The following diagram shows the coordinate system for the Magnetometer.

[image: _images/tip56.jpg]

Note

Note the positive direction on each axis.



Through the magnetometer, we can read the magnetic field strength of X Sense HAT on different coordinate axes, the unit size is 15μT.

We can put a magnet on the positive x-axis of the X Sense HAT.

[image: _images/tip66.jpg]
Then print the value of the magnetic field strength on the positive semi-axis of the x-axis (in positive unit).

def forever():
  while True:
    print("%s"%(imu.read("mag","x")))
    delay(100)







10.attitude_angle.py

The X Sense HAT calculates the attitude angle of the current position so that we can know whether the X Sense HAT horizontal or not.

This is the coordinate system of the attitude angle.

[image: _images/tip56.jpg]
The unit symbol of the attitude angle also follows the right-hand spiral rule.

Hold the x-axis with your right hand and the thumb points in the direction of the positive semi-axis.
At this time, the direction pointed by the four fingers is the positive direction of the roll angle.

In the same way, hold the y-axis with your right hand and the thumb points in the direction of the positive semi-axis.
At this time, the direction pointed by the four fingers is the positive direction of the pitch angle.

[image: _images/tip57.jpg]
After the code runs, and then place the X Sense HAT horizontally, 0 will be printed on the shell.

If you rotate the X Sense HAT 30 degrees clockwise around the x-axis, 30 will be printed on the shell.

[image: _images/tip70.jpg]
Now change the variable aram to pitch, and then re-run the code.

def forever():
  while True:
    print("%s"%(imu.get_posture_angle(aram = "pitch")))
    delay(100)





Rotate the X Sense HAT 30 degrees counterclockwise around the y-axis, -30 will be printed on shell.

[image: _images/tip69.jpg]


11.make_gif.py

Draw multiple independent actions on the dot matrix screen. After the code runs, you can see a GIF animation.



12.spirit_level.py

Make X Sense HAT a spirit level. By reading the changes in roll angle and pitch angle, we can know whether the X Sense HAT is level.



13.compass.py

We make X Sense HAT into a compass. Draw a circle on the RGB dot matrix, and then use the green dot to indicate the current direction, and the red dot to indicate the true north direction.

The green arrow indicates the detect direction of X Sense HAT, you can use it to judge the current position.

[image: _images/tip71.png]
Azimuth Bearing refers to the number on the outer circle and the Azimuth is the angle from the north direction line to the target direction line in a clockwise direction.
For example, 0 degrees is the direction of true north, and 30 degrees is the direction of 30° east by north.

[image: _images/tip47.png]
Quadrant Bearing divides the direction of the compass into eight equal parts. For example, the NE direction is between 22.5 degrees and 67.5 degrees.
And between 67.5 degrees and 112.5 degrees is the E direction.

[image: _images/tip68.jpg]


14.smart_sensor_hat.py

We integrate the functions of X Sense HAT into a menu interface, press and hold the arrow keys of the joystick to select different functions, and press the joystick to execute the current function.



15.bugs_jump.py

This is a jumping obstacle game. Use the joystick to control the jumping action of the bug and avoid variable speed obstacles.



16.gluttonous_snake.py

This is a snake-eating game with a joystick. The rule is to eat as many green dots as possible within 20 seconds. If you eat yourself, the score will return to zero.



17.gravity_ball.py

This is a game that relies on gravity sensing to control the cube to eat points. When the cube touches the boundary, points will be deducted. The more points eaten within the specified time, the higher the score.



18.pattern.py

After running the code, an interesting pattern will be displayed on the RGB dot matrix screen.






            

          

      

      

    

  

    
      
          
            
  
FAQ


	After finishing the example of x-sense-hat, the pattern of rgb dot matrix may remain and the motor still vibrates.




A: This is normal.

2.The use of the MPU9250 module will be affected by the surrounding magnetic field.

A: In order to read the value of the MPU9250 module more accurately, you can remove the speaker of the x-sense-hat.





            

          

      

      

    

  

    
      
          
            
  
Thank You

Thanks to the evaluators who evaluated our products, the veterans who provided suggestions for the tutorial, and the users who have been following and supporting us.
Your valuable suggestions to us are our motivation to provide better products!

Particular Thanks


	Len Davisson


	Kalen Daniel


	Juan Delacosta




Now, could you spare a little time to fill out this questionnaire?

正在加载…
Note

After submitting the questionnaire, please go back to the top to view the results.
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1. ssh pi@192.168.18.197 (ssh)

Last login: Fri Apr 12 16:56:20 on ttys000

# hang_chen @ hang-chendeMacBook-Pro in ~ [17:09:55]

$ ssh pi@192.168.18.197

The authenticity of host '192.168.18.197 (192.168.18.197)' can't be established.
ECDSA key fingerprint is SHA256:60tKKQtCCRvUCohWmvVcbp7tBHtQLOT8/@kusPjVsEU.
Are you sure you want to continue connecting (yes/no)? I
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1. ssh pi@192.168.
Last login: Fri Apr 12 16:56:20 on ttys000

# hang_chen @ hang-chendeMacBook-Pro in ~ [17:09:55]

$ ssh pi@192.168.18.197
The authenticity of host '192.168.18.197 (192.168.18.197)' can't be established.

ECDSA key fingerprint is SHA256:60tKKQtCCRvUCohWmvVcbp7tBHtQLOT8/@kusPjVsEU.
Are you sure you want to continue connecting (yes/no)? yes
Warning: Permanently added '192.168.18.197' (ECDSA) to the list of known hosts.

pi@192.168.18.197"'s password: t
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Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY, to the extent
permitted by applicable law.
Last login: Tue Apr 7 09:0

7 2020 from 192.168.18.122
SSH is enabled and the default password for the 'pi' user has not been changed.
This is a security risk - please login as the 'pi’ user and type 'passwd’ to set]
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1. pi@raspberrypi: ~ (ssh)
Last login: Fri Apr 12 16:56:20 on ttys@00

# hang_chen @ hang-chendeMacBook-Pro in ~ [17:09:55]

$ ssh pi@192.168.18.197

The authenticity of host '192.168.18.197 (192.168.18.197)' can't be established.
ECDSA key fingerprint is SHA256:60tKKQtCCRvUCohWmvVcbp7tBHtQLOT8/@kusPjVsEU.

Are you sure you want to continue connecting (yes/no)? yes

Warning: Permanently added '192.168.18.197' (ECDSA) to the list of known hosts.
pi@192.168.18.197"'s password:

Linux raspberrypi 4.9.80-v7+ #1098 SMP Fri Mar 9 19:11:42 GMT 2018 armv7l

The programs included with the Debian GNU/Linux system are free software;
the exact distribution terms for each program are described in the
individual files in /usr/share/doc/*/copyright.

Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY, to the extent
permitted by applicable law.
Last login: Tue May 21 07:29:46 2019 from 192.168.18.126

SSH is enabled and the default password for the 'pi' user has not been changed.
This is a security risk - please login as the 'pi' user and type 'passwd' to set
a new password.

pi@raspberrypi:~ $ I
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