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The future is here, and that future means the advent of self-driving cars. Despite all the news media 

enthusiastic reporting, self -driving cars are still in the infant stage of development. And like any infant 

their future development depends on some key foundational choices. The most important choice being 

whether we are going to open source the necessary code? Or are we going to allow a few large 

corporations to monopolize and monetize the code. This essay analyzes the use of ROS to develop a self-

driving car, Carla, that significantly lowers the technological thresholds.  

In order to understand the design requirements, we need clear clarification on the terminology. The 

two words most often associated to self-driving cars are autonomous and automated. Although similar, 

they inherently imply very different design principles. An automated vehicle is automatic and depends 

heavily on artificial aids in their environment. They simply follow a predisposed route and are unable to 

adapt to the environment on their own. An autonomous vehicle is a self-governing vehicle that is able to 

compensate for system failures without external intervention. (Antsaklis & Wang, 1990)1 The underlying 

design requirement is that the vehicle is able to detect and effectively adapt to its surroundings in real 

time. Utilizing ROS Carla has an innovative system to meet this requirement.  

‘Carla’ is special because she is completely self-autonomous. (Dosovitskiy, Ros, Codevilla, Lopez, & 

Koltun, 2017)2 She was originally developed by Udacity in collaboration with Autonomous Stuff and 

Autoware to server as the hardware platform for Udacity’s self-driving car nanodegree. It is important to 

distinguish the hardware physical manifestation derived from the simulation software also developed by 

Udacity. Carla completed a major milestone when she drove fully autonomously from Mountain View to 

San Francisco. This impressive engineering feat was developed by dividing the main system into four 

subsystems.  

                                                             
1 The definitions and this paragraph come from this article by Antsaklis and Wang describing autonomous systems.  
2 Most of the description of the systems come for this article.  
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Engineering is all about dividing a problem into different abstraction levels and then conquering 

them through further divisions. This classic approach is taken here, resulting in the main system being 

divided into four subsystems: sensors, perception, planning, and control. (Silver, 2017)3  

A student of ROS would quickly recognize how this division can be divided into packages and topics. 

With the information and updates passing as messages through the system. This creates the platform 

for successful sensor integration.  

The sensor subsystem encompasses the physical hardware that gathers all the data from the 

environment.  

The main sensors include three cameras lined up in a row on top of the windshield. It also includes a 

front facing radar embedded in the bumper and a 360 degree Lidar mounted the roof. Other sensors 

utilized by Carla include GPS, inertial measurement units, and ultrasonic sensors. Obviously, one of the 

advantages of utilizing ROS is that adding extra sensors can easily be incorporated into the system. An 

important note is that the sensor subsystem does no analysis of the data. The subsystem simply gathers 

the data and then proceeds to pass the data gathered from the sensors into the perception subsystem.  

                                                             
3 Diagrams throughout this paper are derived from this article.  
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The main purpose of the perception subsystem is to translate raw sensor data into meaningful 

intelligence about the environment. This subsystem is further divided into two groups: detection and   

localization.  

Detection uses the sensor information to detect objects in the immediate environment of the vehicle. 

Important objects include traffic light detection and classification, other vehicles detection and tracking, 

and of course the free space detection. The localization block attempts to determine th e exact position 

of Carla in the world. GPS on its own is not suitable because it is only accurate to within 1-2 meters. The 

solution that Carla provides is using high definition maps, lidar sensor data, and inertial algorithms to 

determine localization within 10 centimeters or less. The interesting part here is that the lidar scans the 

environment and compares it to Lidar high definition maps, to determine a precise location. This 

information is then progressively sent to the planning subsystem.  
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Carla’s planning subsystem four main subsections: route planning, prediction, behavior planning, 

and trajectory planning.  

The route planning consists of a series of waypoints that the system then attempts to follow. Waypoints 

are simply spots on the map that Carla needs to reach. They consist of two parts: a specific location and 

a target velocity. These waypoints are consistently updated depending on the perception data being 

gathered. Utilizing this waypoints it then proceeds to attempt to predict the route to reach the 

waypoints. This then requires the planning for the behavior of other vehicles in the route. The final 

process in this subsystem is the generation of a trajectory to reach the establish waypoints. This 

trajectory is then passed to the control subsystem.  

As the name implies, the control subsystem controls the acceleration, brake, and steering of the 

vehicle. It is the final culmination of the previous subsystems. Utilizing the waypoint and target velocities 

generated by the planning subsystem to calculate how much to steer, accelerate, or brake in order to hit 

the target trajectory. This calculation is done by passing the planning subsystem information into various 

different subsystem algorithms.  

The end result is a system that allows a vehicle to become fully self-autonomous. This robot is 

designed to work in an open environment. Furthermore, the system is designed to analyze and predict 

probable human behavior in other cars alongside it. This though creates the biggest hurdle and need for 
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further development. For starters, no algorithm can effectively compare to the experience garnered by a 

human driver. Developers, argues that with time the system will have enough data to make more 

accurate predictions of human behavior.  Of course, this creates various challenges on its own right.  

Another topic I found particularly vexing is the physical implementation in the control subsystem. 

They note that the physical implementation includes the steering wheel moving, to show that the car is 

steering. I find this particularly unnecessary and more of a useless gimmick. The robot should 

communicate directly with the steering mechanism and have no steering wheel at all. This does create 

further questions about the sensors.  

The sensors are all important in attempting localization. The developers cite significant progress in 

bringing down the error to below 10cm. Although this is a great improvement over GPS this is not 

enough to warrant safety. Furthermore, the localization depends on one LIDOR device comparing the 

images to high definition images taken previously. Overall, this is cost ineffective since it is unreasonable 

to expect that LIDAR images of every inch and space are to be taken. The other problem with this 

approach is that we do live in an ever-changing environment, so we should not assume that location 

looks the same omnipresent.  

A further problem with the sensors is that it still depends heavily on internal guidance systems. This 

include such things as odometers and velocimeters. Any system is going to include such sensors, but a 

heavy reliance on them is unwise. Those sensors are bound to make small errors through the whole 

process which would result in those errors being compounded. So, I would like to see a lower reliance 

on such internal sensors.  

Overall this system shows a practical way to subdivide the requirements of an autonomous self-

driving car. This simple analysis of the division of systems showcase how ROS can easily be utilized. We 

can clearly see how systems can be subtopics that communicate with each other through messages. 



6 
 

How an open source and sharing of sensor implementation can allow for easier integration. Thus, 

lowering the technology costs and pushing for greater development. Obviously, there is still so much 

work to be done.  
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