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1. Log into your account in the computer lab.



2. Click the 9 white dots at the bottom left corner




3. Type terminal in the search box at the top.
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5. In the window that pops up, type
/lusr/bin/pycharm and press Enter.

Terminal

File Edit View Search Terminal Help
chand@spinoza:~$ /lusr/bin/pycharm I




6. Wait for the app called PyCharm Community
Edition to launch.

Terminal

File Edit View Search Terminal Help

chand@spinoza:~$ /lusr/bin/pycharm

OpenJDK 64-Bit Server VM warning: Option UseConcMarkSweepGC was deprecated in ve
rsion 9.0 and will likely be removed in a future release.

WARNING: An illegal reflective access operation has occurred

WARNING: Illegal reflective access by com.intellij.ide.ClassUtilCore to field su
n.net.www.protocol. jar.JarFileFactory.fileCache

WARNING: Please consider reporting this to the maintainers of com.intellij.ide.C
lassUtilCore

WARNING: Use --illegal-access=warn to enable warnings of further illegal reflect
ive access operations

WARNING: All illegal access operations will be denied in a future release

* PyCharm

COMMUNITY 2019.1

You might see a bunch of WARNINGS here.
That’s okay! Just ignore them.




7. Accept the license agreement if it asks you.



8. It doesn’t matter whether you choose to send
usage statistics or not. Just pick a choice. |
prefer not to send usage statistics.



9. Choose + Create New Project.

Welcome to PyCharm




10. A window will appear that allows you to
select a folder where you’d like to store files for
the robotics program you’ll soon create.




11. Choose a folder name, for example, MyRobotics,
and click the Create at the bottom right.

New Project




12. Click the Close button on the Tip of the Day
pop-up window.

Tip of the Day

Welcome to PyCharm 2019 1 1
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13. Go to the,File menu and choose Settings...
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14. Click the little triangle to the left of
Project: MyRobotics (or whatever you named your project)
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15. In the expanded menu, choose
Project Interpreter.

Settings

Project: MyRobotics » Project Interpreter
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Editor
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Tools




16. Click the + sign at the top right.

Settings
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17. Type robopy into the search box.




18. Select robopy in the list if it isn’t hlghllghted
already. -




19. Click Install Package.

Author




20. A notification should pop up in the lower right
once the robopy package has been installed.
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21. Now type numpy into the search box.

I Available Packages

Version

Author




22. Select numpy if it isn’t highlighted already.

Available Packages

Author




23. Click Install Package.

Available Packages




24. A notification should pop up indicating that
the numpy package was installed successfully.
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25. Type vtk into the search box.

— Available Packages




26. Select vtk if it isn’t highlighted already.

Available Packages

Version

Author




27. Click Install Package.

Available Packages

Version

Author




28. A notification should pop up indicating that
the vtk package was installed successfully.
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29. Close the Available Packages
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30. Click OK to close the Settings window.
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31. Right-click the name of your project under
the Project panel.

tile Edit

MyRobotics [~/PycharmProjects/MyRobotics] - PyCharm

Add Config

«MyRobotics ~/PycharmProjec!
» It Ex al Libr
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32. Hover over “New” and choose “Python file”.
A little window will appear.

New Python file




33. Type Main and click OK.

New Python file




MyRobotics [~/PycharmProjects/MyRobotics] - .../Main.py [MyRobotics] - PyCharm (]
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Make sure you typed in the program EXACTLY as shown. If the
indentation isn’t the same, or if even a single punctuation mark
IS out of place or missing, the program probably won't work!

Computers are really, really picky. They do EXACTLY what you
say, and they don’t understand what you really meant for them
to do.

If something doesn’t work in the next step, it's probably because
there is a typo in your program somewhere. Don’t worry, it
happens to all of us. We’re humans, not robots. We humans
make mistakes, but we’re also creative, and that’s all part of
what makes humankind fascinating.



35. It’s time to run your first robotics program!
In the Run menu, choose Run...

MyRobotics [~/PycharmProjects/MyRobotics] - .../Main.py [MyRobotics] - PyCharm

Edit Vie B te Code

MyRobotics

v B MyRobotics
» Buvenv

I 1: Project

19:1 LF: UTF




36. In the little window that pops up, choose
Main and Run...



37. Watch the robot move as your program runs!
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38. When the robot stops moving (or before that,
if you’re in a hurry), close the window to stop the
program.




39. Run your program again, but this time a
faster way: click the Play button at the l
top right. & -

From now on,
you can run
your program
this way, or by
typing
SHIFT+F10.




40. Click and drag the corners of the robot
window to make it bigger.

Visualization Toolkit - OpenGL™




41. Right-click and drag the mouse pointer inside
the robot window to zoom in and out.

= M

Visualization Toolkit - OpenGL™




42. Click with the middle mouse button (or
SHIFT+left-click) and drag the mouse pointer
inside the robot window to slide the robot around.

&

Visualization Toolkit - OpenGL™ &




Visualization Toolkit - OpenGL 1] Visualization Toolkit - OpenGL




44. In the Project panel, click the little triangles to expand venv,
then 1ib, then python3. 6, then site-packages, then robopy,
and finally, base. T e

] Project ~ © T B — fMainpy e model.py

Double-click 1 o

model . py to open it.

v u site-packages
i imageio
imageio-2.5.0.dist-info
numpy
numpy-1.16.3.dist-info
u PIL
Pillow-6.0.0.dist-info
pip-19.0.3-py3.6.egg
B robopy
v B base
% __init__.py
fe check_args.py
e common.py
raphics.py
e model.py
fe pose.py
% quaternion.py
te serial_link.py
% super_pose.py
fe transforms.py
% util.py
media
i tests
Fe__init__.py
i robopy-1.0.8.dist-info
i scipy
8 scipy-1.2.1.dist-info
vtk
vtk-8.1.2.dist-info
easy-install.pth
setuptools.pth
| setuptools-40.8.0-py3.6.eqg
e vtkVersion.py

7: Structure
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TODO B Terminal & Python Console (@)= Log
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45. Examine the code in this file that lists the
colors of the robot’s links.




46. There are lots of other colors we could use.

https://vtk.org/Wiki/VTK/Examples/Python/Visualization/NamedColorPatches

'Red’:['IndianRed’', 'LightCoral’, 'Salmon’, 'DarkSalmon’,\
'LightSalmon', 'Red', 'Crimson', 'FireBrick', 'DarkRed'l],

'Pink':['Pink', 'LightPink', 'HotPink', 'DeepPink’,\
'MediumVioletRed', 'PaleVioletRed'],

‘Orange’:['LightSalmon’, 'Coral’', 'Tomato', 'OrangeRed’,\
'‘DarkOrange', 'Orange'l],

'Yellow':['Gold', 'Yellow', 'LightYellow', 'LemonChiffon',\
'LightGoldenrodYellow', 'PapayaWhip', 'Moccasin’,\
'PeachPuff', 'PaleGoldenrod', 'Khaki', 'DarkKhaki'],

'Purple':['Lavender', 'Thistle', 'Plum', 'Violet', 'Orchid’',\
'Fuchsia', 'Magenta‘’, ‘MediumOrchid’, ‘MediumPurple’,\
‘BlueViolet', 'DarkViolet', 'DarkOrchid', 'DarkMagenta’,\
'Purple’, 'Indigo’', 'DarkSlateBlue’', 'SlateBlue’,\
'MediumSlateBlue'],

'Green':['GreenYellow', 'Chartreuse', 'LawnGreen', 'Lime',\
'LimeGreen', 'PaleGreen', 'LightGreen’',\
‘MediumSpringGreen', 'SpringGreen’', 'MediumSeaGreen’,\
'SeaGreen', 'ForestGreen', 'Green', 'DarkGreen',\
‘YellowGreen', 'OliveDrab', 'Olive', 'DarkOliveGreen’',k\
'MediumAquamarine', 'DarkSeaGreen', 'LightSeaGreen',\
'DarkCyan’, 'Teal'l,

'Blue/Cyan’':['Aqua’, 'Cyan', 'LightCyan', 'PaleTurquoise’,\
‘Aquamarine’', 'Turquoise', 'MediumTurquoise’,\
‘DarkTurquoise', 'CadetBlue', 'SteelBlue’,\
‘LightSteelBlue', ‘PowderBlue', ‘LightBlue',\
‘SkyBlue', 'LightSkyBlue', 'DeepSkyBlue',\
‘DodgerBlue’, 'CornflowerBlue', 'RoyalBlue’', 'Blue’,\
‘MediumBlue', 'DarkBlue’', 'Navy', 'MidnightBlue’],

‘Brown':['Cornsilk', 'BlanchedAlmond', 'Bisque', 'NavajoWhite',\
'Wheat', 'BurlyWood', 'Tan', 'RosyBrown', 'SandyBrown',\
‘Goldenrod’', 'DarkGoldenrod', 'Peru', ‘'Chocolate’,\
'SaddleBrown', 'Sienna‘', 'Brown', 'Maroon'],

'White':['White', 'Snow', 'Honeydew', 'MintCream', 'Azure',\
‘AliceBlue’, 'GhostWhite', 'WhiteSmoke', 'Seashell’,\
'Beige', 'OldLace', 'FloralWhite’', 'Ivory',\
'AntiqueWhite', 'Linen’,\

‘LavenderBlush', 'MistyRose'],

'Gray':['Gainsboro', 'LightGrey', 'Silver', 'DarkGray', 'Gray’',\
'DimGray', 'LightSlateGray', 'SlateGray', 'DarkSlateGray’',\
'Black"']



https://vtk.org/Wiki/VTK/Examples/Python/Visualization/NamedColorPatches

47. So, change the colors to ones you like!
For example:

Again, remember to keep all the quotes and other punctuation as they were. If any punctuation is missing
or out of place, the program might not run anymore! The computer just isn’t intelligent enough to know
what you mean unless you type in everything just right!



48. Then run your program again...

PyCharm [~/PyCharm] - .../venv/lib/python3.6/site-packages/robopy/base/model.py - PyCharm

(or SHIFT+F10)

PyCharm venv lib python3.6 site-packages = M robopy base e model.py
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49. And enjoy the fancy new colors of your robot!




50. You may now close model.py if you’d like.

I 1: Project

PyCharm [~/PyCharm] - .../venv/lib/python3.6/site-packages/robopy/base/model.py - PyCharm

PycCharm B venv ) B lib rob

PyCharm
v
bin

include

imageio
imageio-2.5.0.dist-info
numpy

numpy-1.16.3.dist-info

pip-19.0.3-py3.6.egg
robopy
b
®__init__.py

% check_args

%e quaternion.py
% serial_link.py
e super_p

% trans

e util.py

media

B __init__.py

robopy-1.0.8.dist-info

y-1.2.1.dist-info
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Click the little ‘X’



51. Now, double-click serial_link.py to open it.

PyCharm [~/PyCharm] - .../venv/lib/python3.6/site-packages/robopy/base/serial_link.py - PyCharm
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52. Scroll down to where it says def animate(...):

animatel




53. To get the program to start with a better view
of the robot, add these lines of code:

animatel

Between the
AddObserver
and animate ()
lines




54. Run the program again' (or SHIFT+F10)

/venv/lib/python3.6/site-packages/robopy/base/serial_link.py - PyCharm
Main Q

PyCharm [~/PyCharm] -

PyCharm
Run 'Main’ (Shift+F10)
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55. Watch the robot move from the new viewpoint.

TIP: Right-click and
drag the mouse inside
this window to get a
good close-up view of
the robot.




Now, let’s talk a bit about the robot’s structure.



The robot’s links

™

Visualization Toolkit - OpenGL

This robot has several links (parts that can move
separately from each other).

In this robot, each link has a unique color.

Each of these is a link.




The robot’s joints

Visualization Toolkit - OpenGL

A joint is what connects two links together.

The links rotate about the joints to which they’re
connected.

This robot has six joints, labeled J1, J2, J3, J4,
J5, and J6 in the diagram to the left.

(behind)



The robot’s joint angles

Visualization Toolkit - OpenGL

We can describe the robot’s position by listing

the angles by which each joint of the robot is
rotated.

| know that doesn’t make much sense, but the
next several slides will show you what | mean.

(behind)
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Joint angles to describe the robot’s pose

o=

Visualization Toolkit - OpenGL

We can describe the robot’s current pose using its
joint angles.

For example, in the image to the left, all 6 joints are
at 0° rotation. If we use the variable q1 to represent
the angle by which J1 is rotated, g2 to represent the
angle by which J2 is rotated, and so on, then we
would say that in the image to the left, the robot’s
pose is:
(q1=0°q92=0°qg3=0°q94=0°q5=0°qg6 =0°).



Joint angles to describe the robot’s pose

P

PR ot K, AP In this image, all joints are at 0° rotation except for J1,
which is at +45° rotation. The robot’s pose is:
(q1 =+45° g2 =0° q3=0° g4 =0° g5 =0° g6 = 0°).

J1 at +45°
rotation




Joint angles to describe the robot’s pose

©© 0 Visuslization Toolki - OpencL In this image, all joints are at 0° rotation except for J2,
which is at +45° rotation. The robot’s pose is:
'{/ (g1 =0° q2 =+45° q3 =0° g4 = 0° g5 = 0° g6 = 0°).

S J2 at +45°
rotation

a




Making the robot move involves nothing more
than telling it to follow a sequence of poses!

(@1 =0° g2 =0° g3 =0° g4 =0° g5 = 0° g6 = 0°)
(g1 =0.01°, g2 = 0.02°, g3 = 0°, g4 = 0°, g5 = 0°, g6 = 0.03°)
(g1 = 0.02°, g2 = 0.04°, g3 = 0°, g4 = 0°, g5 = 0°, g6 = 0.06°)

(g1 =0.03°% g2 =0.06° q3 =0° g4 =0° g5 =0° q6 = 0.09°)



In fact, that’s what your program does!

e Main.py




Your program creates sequences of joint angles:

Make a list, a, of 500 evenly spaced
numbers between +1° and -180°.

Make a list, b, of 500 evenly spaced
numbers between +1° and +180°.

Make a list, c, of 500 evenly spaced
numbers between +1° and +90°.

Make a list, d, of 500 evenly spaced
numbers between +1° and +450°.

Make a list, e, of 500 zeros (0°).




Your program creates sequences of joint angles:

Carry the joint J1 through the angles
in d. Carry J2 through the angles in
b. Carry J3 through the angles in a,
etc.




Your program creates sequences of joint angles:

Carry the joint J1 through the angles
in d. Carry J2 through the angles in
b. Carry J3 through the angles in a,
etc.




56. Close the robot window if you haven’t already.




57. Change your program to make the robot
stand completely still in its zero pose (where all
joint angles are at 0° rotation).

Change this to:

zeros = np.asmatrix(np.zeros((500, 1)))

g1 = zeros

g2 = zeros

g3 = zeros

g4 = zeros

g5 = zeros

g6 = zeros

f = np.concatenate((q1, g2, q3, g4, g5, g6), axis=1)

Run the program to see if it worked!
Then close the robot window to stop
the program.




58. Make a program that makes the robot wave “Hi.”

Change this to:
zeros = np.asmatrix(np.zeros((500, 1))) — wave_right = np.asmatrix(np.linspace(-45, 45, 25))
g1 = zeros wave_left = np.asmatrix(np.linspace(45, -45, 25))
g2 = zeros wave = np.concatenate((wave_right, wave_left), axis=1)

q3 = zeros = wave_2x = np.concatenate((wave, wave), axis=1)
g4 = zeros wave_4x = np.concatenate((wave_2x, wave_2x), axis=1)
g5—=zeroes

. g5 = np.transpose(np.concatenate((wave_4x, wave_4x, wave_2x), axis=1))
g6 = zeros

f = np.concatenate((q1, g2, q3, g4, g5, g6), axis=1)

Run the program to see if it worked!
Then close the robot window to stop the program.



59. Make a program that makes the robot spin its
gripper around and around.

zeros = np.asmatrix(np.zeros((500, 1))) Change this to:

g1 = zeros — o . )
q2 = zeros spin = np.asmatrix(np.linspace(0, 360, 25))

q3 = zeros spin_twice = np.concatenate((spin, spin), axis=1)

q4 = zeros - spin_4x = np.concatenate((spin_twice, spin_twice), axis=1)
q5 = zeros spin_8x = np.concatenate((spin_4x, spin_4x), axis=1)
46-=—ZEFOS g6 = np.transpose(np.concatenate((spin_8x, spin_8x, spin_4x), axis=1))

f = np.concatenate((q1, g2, q3, g4, g5, g6), axis=1)

Run the program to see if it worked!
Then close the robot window to stop the program.



60. Make a program that makes the robot spin
around, pointing in various directions. This is
reminiscent of Oprah Winfrey’s famous quote, “You
get a car! You get a car! Everybody gets a car!”

zeros = np.asmatrix(np.zeros((500, 1))) Change this to:

1= zeres -

2 = yeros \» turn = np.asmatrix(np.linspace(0, 360, 200))
g - half_turn = np.asmatrix(np.linspace(0, 180, 100))

§3-=—zeros . -
g4 = zeros _ g1 = np.transpose(np.concatenate((turn, turn, half_turn), axis=1))
g5 = zeros — , N , _ ]

46 = zeros point_down = np.asmatrix(np.linspace(0, -90, 25))

point_up = np.asmatrix(np.linspace(-90, 0, 25))

point_cycle = np.concatenate((point_down, point_up), axis=1)

point_2x = np.concatenate((point_cycle, point_cycle), axis=1)

point_4x = np.concatenate((point_2x, point_2x), axis=1)

g3 = np.transpose(np.concatenate((point_4x, point_4x, point_2x), axis=1))

f = np.concatenate((q1, 92, 93, 94, g5,

Run the program to see if it worked!
Then close the robot window to stop the program.



Try coming up with your own robot movements!
Can you make the robot dance?

Can you make it do a softball pitch?



