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Abstract 

Intelligent transportation systems (ITS) are the products of government initiatives to 

improve travel, safety, and environmental conditions. Current ITS development is 

primarily focused on improving vehicle efficiency with sensors and wireless 

networking. The vehicles equipped with these technologies are referred to as connected 

because of their situation awareness and ability to communicate. Connected vehicles 

achieve communication by three methods: vehicle-to-environment (V2E), vehicle-to-

vehicle (V2V), and vehicle-to-infrastructure (V2I). V2E is implemented with arrays of 

radar, sonar, and optic sensors, which are used in active safety systems such as adaptive 

cruise control and lane departure warning. Although V2E is widely available in 

vehicles, V2V and V2I remain in the research and development phases due to unreliable 

connections and packet loss associated with the dedicated short-range communications 

(DSRC) protocol. Once improvements are made to the physical and media access layers 

of DSRC, V2V and V2I will enable wireless communication between vehicles and 

infrastructure. At such a time, a fully realized ITS will present safer and more efficient 

travel. 
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1 Introduction to Connected Vehicles 

During the past 25 years, Federal and State agencies have pursued research and 

development to promote the modernization of U.S. highways and roads. These 

government initiatives have created what is collectively referred to as Intelligent 

Transportation Systems (ITS). The purpose of ITS development is to increase road 

safety and efficiency using technology provisions such as real-time traffic control 

networks and electronic tollbooths [1]. Despite these improvements to the 

transportation system, the continued evolution of ITS is reliant on establishing a 

communication network of interconnected vehicles and infrastructure—this is achieved 

with connected vehicles.  

The distinguishing characteristic between a connected and traditional vehicle is 

the former’s ability to send and receive information. Onboard networks of sensors and 

processors facilitate the connected vehicle to ascertain the speed, proximity, and 

direction of surrounding vehicles. This data is then used to augment active safety 

systems and convey hazard alerts to drivers [2]. Most recently, the connected vehicle is 

equipped with wireless networking technologies for the purpose of data-exchange 

between vehicles and transportation infrastructure. These sensing and networking 

technologies that characterize connected vehicles are classified by three primary 

communication interactions: vehicle-to-environment (V2E), vehicle-to-vehicle (V2V), 

and vehicle-to-infrastructure (V2I). 
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2 Vehicle-to-Environment (V2E) 

Implementation of active safety systems such as lane departure warning (LDW) 

and adaptive cruise control (ACC) require extensive knowledge about a vehicle’s 

surrounding environment. Figure 1 presents a typical vehicle sensing architecture 

where a network of sensors is interfaced to the vehicle’s onboard computing system. 

The optical, radar, and sonic 

sensors are oriented in a 

manner such that field and 

distance deficiencies of one 

sensor are compensated by 

another. Continuous data 

streams from the sensors are 

mitigated by a network of ~100 

microprocessors called Electronic Control Units (ECUs). The ECUs communicate on a 

multi-master serial bus as nodes in the Controller Area Network (CAN) [4]. The CAN 

bus system is a fault tolerant message-based protocol with data transfer rates of up to 1 

Mbps [4]. With a network of sensors and CAN, the time-critical environmental 

awareness needed for active safety is readily available to LDW and ACC systems. 

2.1 Optical Sensing for Lane Departure Warning (LDW) 

LDW systems assist in crash-avoidance by alerting the driver when the vehicle 

drifts outside of the lane. Typically, rear-mounted cameras are used to optically detect 

lanes, but this approach is vulnerable to lens obstruction due to dirt and water 

Figure 1: Overview of vehicle sensor architecture [3]. 
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accumulation [5]. In an effort to reduce 

scene artifacts and resulting false 

alarms, front-facing vision systems are 

proposed as an alternative. Both 

configurations follow the procedural 

flow for lane detection as depicted in 

Figure 2. Once the camera records the 

scene, the image is reduced from color 

to grayscale, and digital signal 

processing (DSP) algorithms are applied 

to deduce the vanishing point in the horizon. All lines detected above the vanishing 

point are ignored, and the resulting white lane markers on the road are recognized as 

lane boundaries [6]. The ECUs place vehicle speed and steering angle on the CAN bus, 

and this data is used for comparison of vehicle and lane position [5]. If lateral positions 

are determined to exceed thresholds, the LDW system alerts the driver with 

audible/visual cues. 

2.2 Radar Sensing for Adaptive Cruise Control (ACC) 

ACC uses a combination of long and short-range radar (microwave) to calculate 

relative speeds between the vehicle and surrounding objects [7]. Although radar has the 

advantage of reliable operation under inclement weather conditions, it is not useful for 

lane/edge detection—cameras are used to fulfill this deficiency [7]. By using a 

compliment of radar and optical sensing, it is possible to achieve a 360° field of 

environment sensing at up to 150 meters (see Figure 3) [8]. 
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Figure 2: Lane detection flow chart [6]. 
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This envelope of vision allows the ACC system to have awareness of the speed and 

proximity of vehicles in any direction.  

 
Figure 3: Field of vision for radar and optic sensors [7]. 

Unlike LDW systems that rely on driver response to alerts, ACC is capable of 

addressing hazards directly by sending commands to the ECUs responsible for steering 

and braking actuation. This allows the vehicle to maintain a safe distance from other 

vehicles and remain inside a lane—without driver input. In this manner, ACC is similar 

to autonomous vehicles, but the utility of ACC is limited only to highway travel.  

3 Vehicle-to-Vehicle (V2V) 

V2V communication is the wireless broadcast of data acquired through V2E to 

vehicles in close proximity. For those vehicles farther away, communication is achieved 

through message hopping by way of vehicular ad hoc networks (VANET)
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 [9]. A safety application for 

V2V is depicted in Figure 4, 

where a leading vehicle 

transmits a warning 

message to the trailing 

vehicles. In addition to 

preempting collisions, V2V 

can be used to coordinate platoons of commercial trucking fleets. This network of inter-

connected vehicles has the promise of progressing the ITS initiatives by expanding 

safety on the road and increasing traffic efficiency. However, V2V features are not 

presently available to the consumer and exist only in research and development 

pursuits. Because large-scale deployment of V2V technology relies on establishing a 

ubiquitous and reliable wireless protocol, further investigation is necessary before 

vehicles can communicate with each other. 

3.1 Potential V2V Protocols 

VANET can be described as a network of constantly changing topologies. This is 

supported by the nature of terrestrial transportation, where vehicles rarely remain in 

the same location for extended periods of time. Although VANET is the most preferred 

implementation of V2V by policy makers and engineers, Lu et al. [9] points out a 

number of challenges to consider:  

1) Transient topology requires frequent and fast network connections (latency).  

2) The above issue can also result in unexpected disconnections (data loss). 

3) Obstructions such as buildings interfere with established links (connection 

reliability)

Figure 4: V2V message passing scenario [9] 
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4) Two competing standards to implement VANET:  

a) Dedicated short-range communications (DSRC) 

b) Dynamic spectrum access (DSA) 

DSRC, like all networking protocols, is partitioned into varying layers of 

procedural communication. Of particular note are the physical (PHY) and media access 

(MAC) layers that DSRC is composed of. The PHY layer in DSRC is susceptible to line-

of-sight (#3 above) interference, whereas the MAC layer is prone to packet collisions (#1 

and 2 above) [9]. DSA circumvents interference issues by utilizing the unused television 

frequency band at 476-494 MHz, but it still suffers from an inferior MAC layer that fails 

to deliver message packets with reliability [9]. Before V2V communication can be 

available to the public, the selected protocol must be robust and reliable enough to 

support the safety application for which it exists.    

4 Vehicle-to-Infrastructure (V2I) 

V2I expands the connected vehicle potential by using traffic lights, buildings, 

and roadways as network access points. V2I uses DSRC, so V2V and V2I are 

interoperable [1]. For example, access points (antennas) installed on highway 

overpasses [10] could broadcast a traffic jam alert to one vehicle, and that vehicle could 

then forward the message to a vehicle ahead that missed the alert. In dense urban 

environments, V2I-enabled traffic lights could be used to mitigate congestion and 

dynamically optimize intersection flow by broadcasting alternate routes [11]. V2I also 

has potential for distributed computing scenarios where each idle vehicle in a parking 
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lot could serve as a processing unit [11]. Despite these advantages, issues regarding 

standardization and regulation have stalled the availability of V2I [1].   

5 Conclusion 

Many people believe that fully autonomous vehicles (e.g., Google cars) will 

ultimately characterize the transportation landscape, which argues against the necessity 

for connected vehicles. However, many complexities involving regulation, economics, 

and infrastructure will hinder the autonomous vehicle possibly for decades. Most 

importantly, autonomous vehicle development is not concerned with communication 

and networking—the motive is purely concerned with a driverless car. In the connected 

car, communication and networking are features that not only promote safety and 

efficiency, but also integrate potential resources to produce a data-rich environment—a 

truly intelligent transportation system.    
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