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In this assignment, you will create an self driving self swimming autonomous 
turtle using the ROS turtlesim simulator. 

The goal of the assignment is to understand:
- ROS nodes
- ROS topics
- ROS messages 
- ROS parameters and services 
- ROS launch files

And get familiar with:
- ROS workspace
- The catkin build system
- Creating your own ROS nodes. 



To get started:
• Git pull to obtain the the autoturtle ROS package from 

https://github.com/linklab-uva/f1tenth-course-labs
• Link (or copy) the autoturtle package to the catkin workspace

• ln -s ~/github/f1tenth-course-labs/autoturtle/ ~/catkin_ws/src/
• Run catkin_make in the catkin_ws folder. Source your environment.

• The node turtlesim_move.py has been provided for reference. 
• Make sure you are able to run the provided node successfully before attempting 

the remaining assignment:
rosrun autoturtle turtlesim_move.py

[should move the turtle towards the x direction until it hits the wall]

https://github.com/linklab-uva/f1tenth-course-labs


Problem 1: Turtle Swim School  



Problem 1a: swim_school.py
1. Using the turtlesim_move.py as reference, create a new ROS node 

called swim_school.py
2. Modify the code to demo the following:

[1a demo:] Upon running the command rosrun autoturtle swim_school.py
• User can input a linear (x) velocity
• User can input an angular (z) velocity
• The turtle then swims in a figure 8 shape, using the velocity and angular 

rate specified by the user. 

[20 points]





Problem 1b
random_swim_school.py

1. Create a new ROS node random_swim_school.py

[1b demo:]
Upon running the command rosrun autoturtle random_swim_school.py

- A random figure 8 is drawn in the ocean:
- Turtle moves with a  random linear velocity and a random angular velocity which is chosen 

every time the node is run.
- The figure 8 is drawn at a random position during each run. Its fine if the figure 8 hits the 

turtlesim boundary.

- The center position (x,y) of the random figure 8 is displayed on the terminal. 

[20 points]





Problem 1c: back_to_square_one.py
1. Using the turtlesim_move.py as reference, create a new ROS node called 

back_to_square_one.py
2. Modify the code to demo the following:

1b demo: Upon running the command 
rosrun autoturtle back_to_square_one.py

• User inputs the length of the side of the square (number between 1 and 5, any 
number including floating points is allowed.) 
• The ocean turns red
• A square is drawn with the length of the side of the square equal to the user input.

• Note the square must be drawn as the turtle swims…do not use teleport absolute to draw the 
square.

• The bottom left corner of the square is always at (x,y) = (1,1), theta could be 
anything you want.

[30 points]





Problem 2: Swim to goal



Problem 2: swim_to_goal.py

1. Create a new ROS node called swim_to_goal.py

Demo the following:
- User inputs the x coordinate for the goal: (e.g. 1)

- User inputs the y coordinate for the goal: (e.g. 1)

- User inputs a ‘tolerance’ value (defined in subsequent slides): (e.g. 0.1)

- The turtle swims (not teleports) to the goal with a velocity and angular rate, 

proportional to the distance between the current position and the goal. 

- Display and explain the rqt_graph for this system

[30 points]



Problem 2: What should node execution look like ? 
User enters x, y, goal, and a tolerance value.



Problem 2: What should the output look like ? 



Problem 2: swim_to_goal.py - Hints

What does proportional velocity and angular command mean ?

Proportional speed and turning:

Velocity x = 1.5 * (Euclidean distance between position at any time and the goal)
Angular z = 4 * (atan2 (Euclidean distance between position at any time and the goal))

The 1.5 and 4 are constants but the velocity and angular rate will change as the turtle moves 
towards the goal, since the distance between the position of the turtle and the goal is always 
decreasing. You can use 1.5 and 4 as the constants in your code.



Tolerance is a constant which dictates how close does the turtle needs to be 
to the (x,y) goal before it is considered that it has reached the goal.

The tolerance is needed since the pose messages that turtlesim echoes is 
usually a floating point value.
A good value for the tolerance is between 0.1 and 1.

A useful command in python to use for dealing with pose data is:

round(number[, ndigits])



Useful declarations for this problem are:

import	rospy
from	geometry_msgs.msg import	Twist
from	turtlesim.msg import	Pose
from	math	import	pow,	atan2,sqrt



You will demo your code in the lab, but in addition to that you need to submit 
all your code by the assignment deadline.  

What do I have to submit ?

- All the ROS nodes you create should be inside the /autoturtle/scripts	
directory. (The same as the turtlesim_move.py script).

- Compress the entire /autoturtle folder.
- Rename the compressed file to <your_computing_ID>.zip and submit on 

Collab.
- Only submit a single zip file.

- Ensure, the code you are submitting does not throw any errors during a 
catkin_make. 



- We will un-compress your submitted folder inside the src folder of 
our catkin workspace and run catkin_make.	

- We will then test your code with the following commands:
- rosrun autoturtle swim_school.py
- rosrun autoturtle random_swim_school.py
- rosrun autoturtle back_to_square_one.py
- rosrun autoturtle swim_to_goal.py



Extra Credit >> Upto 40 points

There are 4 problems:

For each problem, you can earn 10 points for Extra Credit, if you can 
create and use a launch file to demonstrate that problem (i.e. you 
create the appropriate node, but use a launch file for each problem to 
launch the relevant nodes for that problem).
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ROS Services: enable request/response 
communication between nodes.

• Service descriptions are stored in .srv files in the srv/ subdirectory of 
a package.

• When you publish topics, you are sending data in a many-to-many
fashion, but when you need a request or an answer from a node, you 

can't do it with topics.



Service calls are bi-directional. 
One node sends information to another node and waits for a response. 

In contrast, when a message is published, there is no concept of a response, and 
not even any guarantee that anyone is subscribing to those messages. 

































rospy client library: Services

ROS Services are defined by srv files, which contains a request message and 
a response message.

rospy converts these srv files into Python source code and creates three classes that you need to be 
familiar with: service definitions, request messages, and response messages. 
The names of these classes come directly from the srv filename:





rospy client library: Service proxies

rospy.ServiceProxy(name, service_class, persistent=False, headers=None)

Create a callable proxy to a service.

rospy.wait_for_service(service, timeout=None)

Wait until a service becomes available.



rospy client library: Calling Service proxies

1. You call a service by creating a rospy.ServiceProxy with the name of the service 
you wish to call.

2. You often will want to call rospy.wait_for_service() to block until a service is 
available.

3. If a service returns an error for the request, a rospy.ServiceException will be raised. 
The exception will contain any error messages that the service sent.



rospy client library: Service call example



rospy client library: Calling services



rospy client library: Services

ROS Services are defined by srv files, which contains a request message and 
a response message.

rospy converts these srv files into Python source code and creates three classes that you need to be 
familiar with: service definitions, request messages, and response messages. 
The names of these classes come directly from the srv filename:









We declare our node using init_node() and then declare our service

All requests are passed to handle_add_two_ints function

rospy.spin() keeps your code from exiting until the service is shutdown.



For clients you don't have to call init_node()

Convenient method that blocks until the service named add_two_ints is available

Create a handle for calling the service

We can use this handle just like a normal function and call it

















Launch files

roslaunch package_name file.launch







Example: Launch files



start the launch file with the launch tag, so that 
the file is identified as a launch file

start two groups with a namespace tag of 
turtlesim1 and turtlesim2 with a turtlesim node 
with a name of sim. 
This allows us to start two simulators without 
having name conflicts.

start the mimic node with the topics input and 
output renamed to turtlesim1 and turtlesim2. 
This renaming will cause turtlesim2 to mimic 
turtlesim1.

This closes the xml tag for the launch file



$ roslaunch beginner_tutorials turtlemimic.launch
$ rostopic pub /turtlesim1/turtle1/cmd_vel geometry_msgs/Twist -r 1 -- '[2.0, 0.0, 0.0]' '[0.0, 0.0, -1.8]'
$ rqt_graph



Example launch file for the F1/10 car



rosbags: Recording and playing back data

all published topics should be accumulated in a bag file.





rosbags: Recording specific topics

-O argument tells rosbag record to 
log to a file named subset.bag



rosbags: Recording specific topics



rosbags: Examining and playing the bag file

year, date, and time and the suffix .bag



rosbags: Playing back data



rosbags: Playing back data

allows you to change the rate of publishing by a 
specified factor.












