
  

CS 309: Autonomous Intelligent Robotics
FRI I

Lecture 16:
Starting the Robot

Coordinate Frames & Spatial Transformations

Instructor: Justin Hart

http://justinhart.net/teaching/2019_spring_cs309/



  

A couple of quick notes

● Homework 3
– Due March 22

● Robotics Study
– If you’re free, we appreciate the help. See the 

Canvas announcement.



  

Looking forward

● Homework 4
– Goes out today

– Due March 29

– You will start and shutdown the robot for a peer 
mentor or the TA

● Homework 5
– Goes out March 29

– Due April 12



  

Looking forward

● Homework 6
– Also Due April 12

– Final project prospectus!



  

Today

● How to start up the BWIBot
● Spatial transformations and ROS TF



  

Pick a BWIBot

V2 V4



  

V2 Startup

● Find the back of the robot
– Yes, the screen faces the BACK



  

V2 Startup

● The switch should be in the “charge” position 
when you find the robot.



  

V2 Startup

● Set the switch to the neutral position



  

V2 Startup

● Unplug the charging cable
● Set the switch to the “battery” position



  

V2 Startup

● Go to the front of the robot



  

V2 Startup

● Press the green button.
– It should light up.



  

V2 Startup

● Press the yellow button.
– Yellow button and blue indicator light should light.



  

V2 Startup

● Hit the power button on the laptop



  

V4 Startup

● The V4 is different
– This is actually the front of the robot.



  

V4 Startup

● Disconnect the power supply.
– First, undo the screws on the connector



  

V4 Startup

● Disconnect the power supply.
– Then disconnect the plug.



  

V4 Startup

● Locate the Emergency Stop and Power Button
– On the top at the front of the unit on the V4



  

V4 Startup

● The Emergency Stop may be depressed
– If it is, gently twist it to the right and it will lift.



  

V4 Startup

● Press the power button.



  

V4 Startup

● It will illuminate.
– This indicates that the robot is now on.



  

V4 Startup

● Reach back to the right inside the chasis.
– You can feel the power button to turn it on.



  

V4 Startup

● Note that the V4 has a wireless keyboard
– If the batteries are dead, obtain assistance



  

System Startup

● From here, both systems work the same



  

System Startup

● Select Ubuntu on this screen using the arrow 
keys and hit “Enter” or wait for boot



  

System Startup

● Log in as FRI
– Using the FRI password. A mentor can help you.



  

Doing your homework

● For your homework, you will do this on a real 
robot.

● These screenshots come from doing this in 
simulation.
– Installing the simulators is easy if you want to try.

– Installation instructions for BWI here:
● https://github.com/utexas-bwi/bwi

– Tutorials on running the robot & simulators here:
● https://github.com/utexas-bwi/documentation/wiki/Software



  

System Startup

● Open several terminals
● cd catkin_ws; source devel/setup.bash in each.



  

System Startup

● roscore



  

System Startup

● Startup your robot
– roslaunch bwi_launch segbot_v2.launch (or v4)



  

Pick your floor

● A screen will pop up asking what floor you are 
on.

● The AI floor is the 3rd floor, and you are almost 
certainly there at this step of the process.



  



  



  

Next, you want to move the robot

● The next step is to move the robot into the 
hallway, where you want to start.

● I generally do this before localizing the robot, 
just to get it out of people’s way.



  

System Startup

● Rosrun segbot_bringup teleop_twist_keyboard



  

System Startup

● Slow down the robot before moving. Hit z.



  

Next, you want to move the robot

● The robot will move quicker than you expect.
● Press the ‘k’ button to stop its motion.



  

System Startup

● Localize the robot.
● Hit “2D Pose Estimate”
● Click on where the front of the robot is on the map 

in rviz (the screen is on the BACK), and drag the 
cursor FORWARD.
– Note that the robot graphic may not be there, because 

the real robot does not know where it is yet!!

● A green arrow will appear showing what you believe 
the robot’s pose to be.



  



  

System Startup

● The system uses a probabilistic method to find 
the robot’s pose, so your localization just aids in 
this process.

● Instruct the robot to move a bit by using “2D Nav 
Goal”

● The robot’s localization will improve as it moves.
● 2D Nav Goal works the same as “2D Pose 

Estimate”



  

System Startup

● rosrun bwi_tasks visit_door_list



  

System Startup

● The robot will now start driving around visiting 
the doors in the hallway.



  

For your homework

● Let the robot visit 3 doors.
● Stop the robot by hitting ctrl-c in the “visit door list” terminal.

– This involves physically chasing down the robot.

– I wish it didn’t.

● Stop the other processes, segbot_v2.launch and roscore with 
ctrl-c.

● Shutdown the computer.
● Power down the robot by doing the power-up process in 

reverse.
– Be sure to plug it back in!



  

Coordinate Frames

● We’re interested in coordinate frames so we can 
discuss the position of the robot and its parts.

● Coordinate frames pose the robot on the map, 
the joints of the robot’s arm, things that the robot 
sees, and everything else whose motion or 
position can be tracked.

● We’re going to build from the basics, as this can 
get quite advanced quickly.



  

The number line

● When you first discussed numbers as a 
concept in algebra or arithmetic.



  

XY Plane

● Next, you discussed the XY Plane



  

XYZ Coordinates

● We can further generalize this to 3D
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The mathematics of this

● Generally, this process is done using linear algebra, 
and the language used to describe it reflects this.

● Origin
– The position at the center of your measurements

● Vector
– Vectors have direction and magnitude

● Think of it as an arrow pointing from the origin in some 
direction



  

The mathematics of this

● Basis
– A set of vectors “spanning” the space you measure

– These vectors are what you measure things against

● Transformation
– Changes measurements from one basis to another 

basis

– We will simplify this concept in the next few slides.



  

Coordinate Frames

● Revisit this previous image
– The center is the origin

– X, Y, and Z are vectors
● So the point P’s coordinates are simply

– How much is it like X
– How much is it like Y
– How much is it like Z
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Coordinate Frames

● Vectors
– X: <1,0,0>

– Y: <0,1,0>

– Z: <0,0,1>

● If a point is at (0,0,2)
– It is 0 like X

– 0 like Y

– And 2 like Z
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Coordinate Frames

● With our robot, there will be multiple coordinate 
frames.
– This one describes where a camera is on a robot

– robot_base: The wheeled part that moves
– mounting_point: Where the camera is mounted
– camera_center:

Based on the lens
of the camera.
Where pictures
are taken from. 



  

Transformations

● We think of coordinate frames as being relative to each other.
● This relationship is expressed through transformations.
● For our purposes there will be two:

– Rotation

– Translation

● If you get more
advanced, you will
discuss
– Projections

– Other advanced transforms!



  

Transformations

● In this image, we can see how rotation and 
translation relate these coordinate frames.

● Each has an origin at (0,0,0)
● Each represents its rotation such that the 

vectors face
– <1,0,0>

– <0,1,0>

– <0,0,1>



  

Transformations

● But relative to OTHER coordinate frames, this is not true!!
– Expressed relative to robot_base

– camera_center is
● NOT at (0,0,0)
● NOT oriented such that:

– X: <1,0,0>
– Y: <0,1,0>
– Z: <0,0,1>

● The relationship between
the two is a
transformation



  

Transformations

● Rotating and translating points expressed 
relative to robot_base will make them relative to 
camera_center

● Often we think of important positions on the 
robot as coordinate frames
– In this case, we just transform to the origin of the 

other coordinate frame.



  

Transformations

● Those transformations are rotation and 
translation

● In robotics, they are generally combined into a 
“rigid transformation” which does both at the 
same time.
– Don’t worry about that for this class.

– It will be handled by
ROS



  

Another illustrative example

● Think of a robot arm moving
● Each joint rotates
● Each joint has a static offset 

from the other joints
● Each joint sits in its own 

coordinate frame
● So tracking the coordinate 

frames tells you where each 
joint is, and where the “end 
effector”, the robot’s hand, is. 
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