
CHAPTER1 

Introduction 

1.1 Collision Avoidance of Vehicles 

Collision avoidance studies for vehicles are carried out for preventing any life 

threat or material loss from vehicular collisions. Traffic accidents have been taking 

thousands of lives each year around the globe, outnumbering any deadly disease or 

natural disaster. This shows the real picture of vehicle accidents. It is expected, the 

results would be worsened in the future if no effective counter action was taken. 

Studies show that about 60% roadway collisions could be avoided if the 

operator of the vehicle was provided warning at least one-half second prior to a 

collision [27]. This is due to the fact that human drivers suffer from perception 

limitations on roadway emergency events, resulting in large delay in propagating 

emergency warnings. The intelligent control methods can do an effective work, where 

the human perception limitations hinder emergency reactions. This study takes on the 

advantage of some computational intelligence methods giving in a promising solution 

for the discussed problem. 

1.2 Interactive Control of Vehicular Systems 

An interactive controller plays the prime role in collision avoidance of smart 

ground vehicles, in this study. The main concern is for proving the paradigm for two 

vehicles. Further, it can be extended for more vehicles without a major conceptual 

breakthrough. 

The importance of the interactive control can be elaborated. For instance, when 

a vehicle tries to enter the main road from a side road, an on-coming vehicle on the 

main road can make the former wait by means of intelligent maneuvering, until the 

passing-by is over. Similar situations can arise in typical lane changing event too. In 

order to effectively control the flow around a roundabout, the interactive control will 

prove to be immensely useful. 

The so called controller creates some cooperative maneuvers within each 
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vehicle intended to create a setup for optimally avoiding a probable collision situation 

between two vehicles. It can be heuristically verified that more effective collision 

avoidance is achievable if both the vehicular systems in the verge of a collision take 

evasive measures after negotiating for a common solution with the other participating 

vehicles, rather than acting alone by each vehicle. This has led to explore different 

collision avoidance criteria that will ensure collaboration of all the vehicles on the 

verge of an accident. The resulting interactive nature of control enhances the 

perspectives of collision avoidance yielding better results. 

In the past, there have been a number of occasions where the cooperative 

control of vehicles with regard to collision avoidance has been studied. Considering 

world's number one program for developing Automated Highway Systems (AHS) 

i.e., the California Partners for Advanced Transit and Highways (PATH) program in 

cooperation with the State of California Department of Transportation (Caltrans) and 

the United States Federal Highway Administration (FHWA), a multilayer AHS 

architecture has been discussed in [7], [19] and [18]. But this control architecture has 

been discussed with relation to platoon environment, i.e., organization of traffic in 

groups of up to 20 tightly spaced cars. In a platoon environment, to maintain close 

proximity while traveling at relatively high speeds (90 km/h), the vehicles must be 

fully automated, since people cannot react quickly enough to drive safely with such 

small headways as 1-2 [m]. Apart from that, these works have been mainly based on 

elaborating the architecture of the control design rather than the full design of the 

controller with development details. In [30], the details were given on three different 

categories of vehicle controllers for collision avoidance. Here also, the main concern 

was to elaborate on the control system architectures giving some comparative analysis 

on the different categories. 

To the best of my knowledge, this research is the first attempts to realize 

interactive control of vehicular systems giving full details of the controller 

performance with resulting maneuvers of cooperative nature suiting for emergency 

intervention in collision avoidance, outside a platoon environment. Moreover, the 

methodology suggested here is very well adaptable not only to the fully-automated 

vehicles but also for the semi-automated vehicles. More importantly, the controller 

that has been realized in this study is working well for avoiding all-directional 

collisions without being amenable to a specific direction [20]. 
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1.3 Intelligent Applications in Vehicles 

Generally speaking, as far as collision avoidance is concerned, there are three 

main strata: collision warning, where it advises or warns the driver by means of 

audio-visual outputs, partially controlling the vehicle (driver assistance in the steady-

state conditions or as an emergency intervention to avoid a collision), and fully 

controlling the vehicle (vehicle automation). 

Collision warning systems include functions such as forward-collision warning, 

blind-spot warning, lane-departure warning, lane-change or lane-merge warning, rear-

impact warning and rollover warning for heavy vehicles. A special category of 

collision warning is driver monitoring to detect and warn of drowsiness or other 

impairments that prevent the driver from safely operating the vehicle. If the driver 

does not adequately respond to warnings, collision-avoidance systems might take 

control of steering, braking or throttle control to maneuver the vehicle back to a safe 

state. Driver-assistance systems include functions such as adaptive cruise control 

(ACC), i.e., one of the recent attractions available in the prestigious commercial 

vehicles where, ACC senses slower vehicles ahead and adjusts speed to establish a 

safe following distance [11], [21], lane keeping, precision docking, etc. 

Vehicle automation systems include low-speed automation, autonomous 

driving, and close-headway platooning etc. A fully autonomous vehicle will control 

its own steering and speed all the time [23]. 

1.4 Hierarchy of Control among Vehicles 

In Master-Slave systems, one vehicle or node gives the commands, and another 

node or collection of nodes executes them. A node can be a master one moment and 

then be reconfigured at another time. The master has more control on the other 

vehicle systems during the period of action. On the other hand, slave obeys the latter 

on selected maneuvers during the time of that stay. This Master-Slave concept which 

gives the benefit of the centralized control approach, is common in Robotics whereas 

it is quite novel to the field of smart vehicular systems [24], 

Comparing the Master-Slave model with the other hierarchical systems, there is 

the Peer-to-Peer model, in which there is no designated master; all vehicle systems are 

equal in rank as far as hierarchy is concerned. Each node can both transmit (if the 

communication bus is active) and receive messages. Similar to the multi-master 
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principle, a node can both transmit messages to several other nodes and vice versa 

with the multicast (one to many, many to one). In peer-to-peer systems, participants 

rely on one another for service, rather than solely relying on a dedicated and 

centralized infrastructure. Further, since the communication and control are 

decentralized, it offers scalability, robustness, and limits requirements for central 

administration. Even though, peer-to-peer configurations offer greatest flexibility, 

they are the most difficult to control. Therefore, in this study, the Master-Slave 

concept has been used in order to differentiate the control hierarchy among the 

vehicles. [31] 

The Inter-Vehicle Communication (IVC) [14] facilitates receipt/transmission of 

data by/from each vehicular system. The internal auxiliary processing units, 

associated with the controller, process data relevant to each of the vehicle. The 

exchange of information is only relevant within a pre-specified perimeter as agreed by 

both the vehicular systems. Beyond this perimeter, the information received is merely 

neglected without any acknowledgment. 

1.5 Inter-Vehicle Communication (IVC) 

The integration of communication technology in state-of-the-art vehicles has 

already begun and in existence for years. The areas of usage include: car phones, 

internet access from cellular technologies and Bluetooth adapters for integration of 

mobile devices. But, the reality of direct communication between vehicles using a 

wireless ad hoc network generally known as inter-vehicle communication (IVC) or 

car-to-car communication (C2CC) is relatively new [14]. One advantage of this over 

the cellular technologies is the low communication delay. This is very important in 

distribution of time-critical data. The advantage is that a communication network is 

established by the vehicles themselves within a given perimeter between two or many 

vehicles. The systems become alerted and begin to establish a communication 

network between them. This network is based on single-hop communication. The 

vehicle communication is decentralized and is a self-organizing information system. 

Inter-vehicle ad hoc networks are highly volatile due to high mobility rates of vehicles. 

These wireless ad hoc networks need to be spontaneously created and re-configured in 

a variety of traffic situations [2], When the relative distance is less than a critical 
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distance within the above limits, the vehicles start exchanging the relevant sensor and 

other secondary level information with due 'acknowledgement' from each other. 

The approach for disseminating information using the IVC is by flooding the 

local area of the vehicle (as against the method of traditional routing-based). This is 

quite feasible as the concerned area is within a perimeter of 40[m] radius in the study 

of this research. 

Under the general study of IVC systems, the five basic types of messages that 

are exchanged between vehicles are [6]: 

1) Basic Safety Messages containing data describing the sender 

characteristics and driving conditions. 

2) Warning Messages containing critical warning on emergency 

situations that has occurred or could possibly occur within the traffic. 

3) Info-Entertainment Messages containing data about services and 

resources available and offered by other vehicles and information of 

general interest (e.g. traffic conditions and meteorological data). 

4) Routing Messages containing data used by routing protocols. 

5) Inter-Personal Messages containing different profiles of the drivers and 

the passengers in the vehicles. 

But in this specific study, the expected main features relevant to the discussion 

include mainly the numbers 1) and 4). 

The exchange of information is by means of 'packets' of data, which has a 

generic format. This format for such communication might include: vehicle identity 

information, current latitude/longitude, lane-code, current hierarchy of the vehicle, i.e., 

master/slave statuses or empowerment details, current velocity, acknowledgement 

information etc. 

The segment of information in a standard code of format is exchanged in 

between the vehicles within an agreed upon frequency band. On receipt of valid 

information within the perimeter, they are acknowledged with a 'handshake' for 

confirmation by the neighboring vehicular system. 

As an infrastructure to create such communication, it is required to create an air 

interface, protocols and applications required. 

The communication with infrared and millimeter waves are usually directional. 

Therefore, they are not preferred in this study for IVC usage. Besides, those with 

VHF and microwaves are of broadcast type. Although VHF waves (e.g. 220[MHz]) 



have been used because of their long communication distance, the mainstream 

nowadays is microwaves. It is convincing that the most suitable wave medium for the 

kind of application as this study requires microwave [13]. 

A significant challenge in IVC networks would be the implementation of 

suitable routing protocols so as to ensure successful data packet delivery and lower 

packet delivery delay [2], The multiple access schemes for the protocols are 

preferable here. In order to avoid destructive interference with already established 

channels, the protocols need to transmit additional information to let all nodes be 

aware of the status of each slot. Under appropriate code assignment and spreading-

code schemes, the primary collisions i.e., two nodes with the same code try to access 

the channel together, can be avoided. For avoiding multi-access interference (MAI) 

leading to secondary collisions at a receiver, the channel is split into control and data 

channels. RTS/CTS (Request to Send/Clear to send) are transferred over control 

channels to let all potentially interfering nodes be aware of the channel status [13]. 

1.6 Modern Sensor Technologies for Smart Vehicular Systems 

Each vehicular sub-system is endowed with most modern surveillance and 

navigational equipment and sensors for detecting information related to effective 

collision avoidance. Each IVC unit onboard involves in exchange of information 

between the vehicles [14]. The speed of the vehicle is measured by speedometer 

onboard [29]. Laser range scanners are used to detect the distance to each and every 

moving and non-moving obstacle around and on-path of each vehicle [9], [10]. The 

navigation sensors based on Differential Global Positioning System (DGPS) detect 

the latitude/longitude information of each vehicular system [1], [26], The required 

electronics and software are integrated for each module for error corrections. A digital 

compass onboard each vehicle detects the heading angle of it [26]. It is common 

practice to integrate GPS with inertial sensors and possibly other motion sensors to 

bridge GPS outage gaps and enhance the system integrity. The technology exists 

today for GPS receivers with processors and electronics contained on a single chip. 

Progress in the development of semiconductor-processing technology using micro-

electromechanical systems (MEMS) has led to the introduction of new inertial sensors 

in the automotive industry [28]. 

6 



1.7 Main Controller Studies 

The main controller is synthesized using an Adaptive Neuro-Fuzzy Inference 

System (ANFIS) of Takagi-Sugeno type [12]. This option is preferred because it not 

only allows the proven ability of fuzzy logic in handling the areas of uncertainty and 

nonlinearities in real world systems but also gives way for the controller to adapt 

during the training process due to its neural network representation. The ANFIS 

controller has been trained offline with a satisfactory number of data sets. 

There are two main ANFIS controllers onboard each of the two vehicular 

systems: one for the control of braking and the other for control of steering. 

1.8 Changes in the Mode of Control and the Human Factors 

Considerations 

The controller mode of the vehicle is normally in the Driver Control Mode. 

When specific conditions arise conducive for a probable collision as discussed in the 

algorithm, the mode of control of the vehicle can change into Collision Avoidance 

Mode. It is understood that the sudden changes like the above must not interfere with 

the normal driving habits. One potential solution is to give a constant visual feedback 

to the driver whenever a change in the control mode occurs. The driver is likely to get 

startled when a sudden change of mode of control occurs. But the most promising 

feature of the controller is that it can even intervene in avoiding a series of likely 

consecutive collisions which may have arisen due to incapability of the driver to 

respond positively to the changes of control modes. The most essential requirement of 

the driver to be efficiently interactive in the environment discussed is to get trained 

and customized to the sudden changes in the control modes by getting an enough 

exposure in a simulator environment, beforehand. With enough experience, the driver 

will be in a position to take the changes in modes with the normal sense [22], 

1.9 Simulations and Results 

The simulation study for the controller has been carried out in the 

Matlab/Simulink environment. This platform is heavily used in a wide range of 

applications, including signal and image processing, communications and control 

design etc. This high-level technical computing environment is well suited for 

algorithm development, data visualization, data analysis, numerical computation and 
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simulations. With the extensive add-on features of Matlab/Simulink, it allows 

development of technical solutions faster than with traditional programming 

languages, such as C/C++ and Fortran. 

1.10 Prototype Studies/ Realization of Prototypes 

In this study, two fully autonomous prototypes were developed with all the 

required sensory and communication capabilities. After assembling the platforms, 

each component was individually tested for their performance related to the intended 

performance. The communication between the prototypes and the central PC is 

through RF broadcasting. The prototype was intended to detect the obstacles as well 

as the other prototype in a verge of a collision. The obstacle detection was intended to 

be done with ultrasonic sensors. Detection of the other prototype was intended to be 

done with the relative distance information plus the heading information that are fed 

through the RF communication. The required software were developed and used with 

each component testing. The most important hardware component i.e., RF 

receiver/transmitter modules, were extensively tested for their expected performance, 

after developing some supporting circuits for communication with the central PC and 

RF modules onboard the prototypes. 
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