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Autonomous Vehicles also sometimes known as “driverless cars” is currently a project in AI that aims to produce a vehicle with the “taxi-like” experience minus the driver. Imagine just hopping into a car that drives you to work. Or a plane that is able to fly without a pilot. These are the kinds of motivations for some to build autonomous vehicles. Although this may seem currently impossible, everyday more innovations in this field are getting closer to the end goal. (Wikipedia)

The history of autonomous vehicles begins in 1977 with a Mechanical Engineering Lab in Tsukuba, Japan. The vehicle managed to go at speeds of about 20 mph on a long raceway.  The next major step was done Ernst Dieter Dickmanns, who is considered on of the pioneers of autonomous vehicles. In early 1980’s, Ernst and his team re-engineered a Mercedes-Benz van. They added cameras and other sensory equipment. The steering wheel, throttle, and brakes were controlled through computer commands, and software was developed that translated the sensory data into commands for the system. The van was tested on a road with no traffic; it ran at speed of about 60 mph. Because of this success, many programs such as Prometheus were created that help move along the development of autonomous vehicles. (Answers.com)

Currently, there are three approaches in this field. One Approach is to go fully autonomous. This means the vehicle is capable of going anywhere by itself; it performs a “taxi-like” service. The next approach would be to go autonomous in a closed system. In this closed system, there would be no unexpected factors that could cause problems. An example would be a monorail or train system that had a set route and performs this same route via driverless. The last approach would be applying features of autonomy into current vehicles. The vehicle itself would not be driverless, but have features that allow some autonomy. (Wikipedia) Imagine a car that is driving on a 2-lane road. If the car slowly starts to slide onto the other side, there would be a sensor that detects this and inform the driver. This is an autonomous feature that can be added. (Charles Murray)

This paper will mostly focus on the concepts behind creating a fully autonomous vehicle, along with an example of a current vehicle. These concepts are also apart of the other approaches and not just for fully autonomous vehicles. 

There are many issues involving this field and they are not just technical. Social issues such as: getting people to trust the cars, allowing the legislation to get these cars on the public roads, and the liability for accidents, are also being talked about. Financial issues like funding along with how quickly companies can see positive results are always a problem. (Wikipedia)

The overall concept behind what make an autonomous vehicle different from remotely controlled vehicles equipped with sensory is the autonomous vehicles have the ability to carry out their tasks without guidance. These vehicles must be able to go to their destination and perform tasks of detection, delivery, and data-gathering. (Prof. Holden)  To put them in terms of reasoning, learning, and search; detection would be reasoning, data-gathering is searching, and delivery is learning. 

The overall solution to this has been broken down by many teams working on this issue into 4 major areas: sensors, navigation, motion planning, and control. Although the way to accomplish these four tasks is very different in each project, these areas are basically the sub-systems of the project and combine and is needed to run the vehicle. The current status of the solution has been that about 2½ of these four areas have been solved. (Wikipedia)

Control is one of the areas that more or less has been solved via a drive-by-wire system.(Wikipedia) A drive-by-wire system is a format in which all movement of the car are control by a onboard computer. The physical ties, such as the steering wheel being connected to the turning of the wheels are now cut. Instead the steering wheel, brakes, pedals, and all other controls become sensors. When these sensors are pressed or activated it sends a signal to the computer to perform these tasks. Now the task is to replace the driver who activates these sensors. (Charles Murray)

A typical prototype of the solution to replacing the driver has been done by SciAutonics. They implemented many servomotors into the vehicles. (Charles Murray) A servomotor is a device, which takes in electrical signals. For each signal, it turns it’s gear to a specific position.(Wikipedia) The SciAutonics team used servomotor for each gear and a bigger servomotor with a belt drive to control the steering wheel.(Charles Murray)

The next area that has been solved is navigation.  Vehicles are also commonly equipped with GPS to determine its initial position. Paired with the GPS is an inertial system that reads data from the vehicle itself (speedometer, odometer, etc.).(Charles Murray) Also combine with this information is a roadside database. This database contains a more specific description for the current location. This database may contain houses, stores, or other features of the location. (Wikipedia) Using these two pieces of data, the vehicle can somehow determine its position more accurately then just using GPS.

The area of sensory has been solved, but it is still lacking completeness.(Wikipedia)  The objective to sensory is for the vehicle to be able to determine what where an obstacle is and what is around it. The most common form of sensory that is used is laser detection. These lasers are a form of radar detection that scans ahead and relays back data to the system. Vehicles may even use multiple combinations of short and long-range sensors to accurately process data. (Stanford Racing Team) 
The current issue with sensory is the quality of the information and speed in which the information can be processed. A common problem for engineers is a lack of computing power. (Charles Murray) How fast can a vehicle go and still be able to obtain enough information to be able to make the correct movements? How accurate is this information? There are many factors that can skew the sensory:
-Weather: How cloudy, foggy, or if there is dust from winds.

- Shallow vs. Deep: Is it a puddle or lake? A slight drop in the road or deep hole?

-Shadows- Can it determine if something is a shadow or an obstacle? 

These are just a few questions that people have to solve somehow. (Wikipedia and Stanford Racing Team)


The last and most difficult issue is motion control. A specific area that is the most difficult is getting around obstacles. This area is difficult because it is not just a problem that can be isolated, but factors of sensory and controls also need to be accounted for because they influence this area heavily. If the sensory information can’t detect obstacles, the vehicle can not move around it. If the controls are too slow or can not perform a specific function, the motion has to account for that. Many other issues like moving objects and road signs must be accounted for when determining the movements. (Wikipedia)

So far, the typical solution is to decision graph. This graph at first contains two nodes, ‘A’ for the current position and ‘G’ for the goal. Then the vehicle scans the area to fill in the rest of the nodes. These nodes could be one of three types, occupied, free, or unknown. The vehicle would then move according to this graph.

The algorithm to fill in the graph is usually one of these two, sampling based or combinatorial. (Wikipedia)


Sampling based is a much faster algorithm. It only scans the immediate area and does not perform a full-area scan. It quickly tries to find the path and proceed. The problem with sampling based is that on complicated roads where the path maybe difficult to find, sampling based will not locate it. (Wikipedia)

Combinatorial is a much more complex and thorough algorithm. It is much slower but usually finds a path. It starts to fill in the nodes along the boundary area of the map. But the problem for this algorithm is for really complex areas, the complexity of the computation can become unimaginably high. (Wikipedia)


There is an organization called DARPA (Defense Advanced Research Projects Agency) that is sponsored by the US Department of Defense that issues challenges to any group working in this field. These challenges rewards cash prizes and try to push along the growth of autonomous vehicles. Each challenge is called the DARPA Grand Challenge and involves having autonomous cars drive through specific terrains with some obstacles. (Wikipedia)


There only have been two challenges so far. The first was held in 2004 on a desert terrain. There was no winner, and the furthest car went 7.4 miles out of the 142 mile course. The next challenge was held in 2005 on a mountain-like terrain here the winner was a car named Stanley. Stanley was created by the Stanford Racing team, and finished the 132 mile course in about 6 ½ hours. The next challenge is going to be held in November of 2007. This would be an urban course, in which the vehicles must obey road signs, and avoid moving obstacles. Overall this is the most challenging so far. (DARPA)

The winning car in the 2005 DARPA Grand Challenge was the modified Volkswagen Touareg called Stanley. The vehicle used 5 LIDAR lasers, 2 cameras, and a 24GHz Radar as it’s sensory. It had a drive-by-wire system, and a GPS with a roadside database. This database was located in a file called RDDF. In the RDDF was the complete coordinate of the course itself. From this file, Stanley would be able to navigate the course much easier and focus on motion planning. (Stanford Racing Team)


As with other vehicles, the main challenge for Stanley was to avoid and overcome the obstacles of the course. For this, Stanley use a decision graph and complicated formulas to determine correct paths. Based on its sensory information, the data would be feed into a formula. Each individual sensor carried a weight value to determine which on was more important, and the result would be applied to the graph. Although Stanley did finish, when going over the computation by Stanley, they found that 12.6% of determined obstacles were in fact open space. (Stanford Racing Team)

In the end, this field in AI maybe incorporated into the mainstream sooner then we think. After the DARPA challenge of 2007, I think we can determine how soon this technology can be applied to regular cars of today. Although the idea of fully autonomous will not be solved anytime soon, the other approaches such as autonomous features can be just around the corner. 
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