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Abstract

With the development of system which automatically monitors traffic flow at intersection, the new focus of research is on individual vehicle analysis instead of global flow analysis. The system should be able to identify each vehicle and track its behavior and then should be able to analyze the collected data to predict any possible occurrence of collision. In order to solve this problem, an algorithm is developed which takes the collected data from different sensors, available around the intersection, and also from the vehicle. The algorithm analyzes the data and issues a warning when a collision or violation is predicted. One major challenge in any warning system is to identify the correct time when the warning should be send to the vehicle as it could be very annoying if warning is sent when the driver was anyway going to respond to the situation. The algorithm proposed here uses a concept of critical distance around the intersection, which defines the boundary to issue the warning if collision is predicted. Moreover the critical distance is flexible and is defined based on the traffic flow around the intersection.
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1.0 Introduction

One of the most important research efforts is the development of systems that automatically monitor the individual vehicle parameter at intersection along with the flow of traffic. Such system reduces the work load of human worker and could be useful in warning the drivers of dangerous situations. Not only would the system automatically monitor current situations at intersections but if the systems could reliably assess the situations and predict whether they might lead to collision then a warning message could be sent to the driver and thus reduce the number of accidents.
Extending the current practice of performing a global flow analysis, the automatic monitoring systems should also monitor the behavior of each vehicle at intersections. With the data collected from individual vehicle, the system should be able to recognize dangerous situations and warn the vehicles involved in the activity. To solve this problem it is important to build an algorithm which is very robust and which adapts the frequent changes in the traffic flow. The algorithm should adapt the traffic flow of the individual lane which could be different as the vehicles traveling through intersections are moving in various directions. Another important characteristic of such an algorithm is to identify the correct time when the warning should be send to the vehicle as it could be very annoying if warning is sent very early when the driver was anyway going to respond to the situation, or the warning would be of no use if the its send so late that the driver did not get time to act and avoid the collision.
The Infrastructure assisted collision warning system discussed in this paper establishes the connection with the vehicle that implements the collision warning hardware. Once the connection is established the vehicles updates the base station when the vehicle traffic parameter changes. Update messages are sent by the vehicle only when it satisfies the criteria specified by the base station. In other words the base station controls the flow of air traffic around the intersection by specifying the criteria in the downlink messages. The communication protocol is designed in such a way that if the intersection is congested, the air traffic will not increase drastically which might reduce the underlying MAC throughput and thus defeating the goal of informing the vehicle about the possible collision. At the same time when the intersection is not crowded and the vehicles are moving at specified speed, the air traffic should not be less enough so that the base station is not aware of the changes in the vehicle parameters which might result in collision and thus defeating the goal of identifying the accident.
Based on the traffic flow at the intersection, which in turn defines the speed of the vehicles and other parameter, the base station defines a boundary, called critical distance, around the intersection. The selection of critical distance boundary is very important in this algorithm as most of the decision, at the base station, are made based on the critical distance.
2.0 System Model

2.1 Problem statement

The infrastructure assisted collision warning system will issue a warning whenever a possible collision/violation is anticipated based on the collected data from different vehicles and the infrastructure around the intersection. For example:

· Driver that tends to break the RED signal

· Driver, while making left turn during yield, have miscalculated the distance of the vehicle from the opposite direction.
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Figure 1: Left Turn Rule: Yield to vehicles approaching
· Driver while making right turn during yield, have miscalculated the distance of the vehicle from the opposite direction.
The system consists of two main components, the base station and the vehicles, which interact using the wireless medium. The base stations are located on the signals at the road intersection. It is assumed that all the communications between the vehicle and the base stations are done directly i.e. one hop only. The protocol described in this paper does not impose any strict restriction on the underlying MAC and PHY layers protocol. 
The base station collects the information about the vehicle around the intersection, including the vehicle which does not support collision warning protocol. The information includes

a. Vehicle identity

b. Location of the vehicle

c. Speed of the vehicle

d. The direction of movement

It is assumed that all the vehicle have unique identity. Toll tag could be an example of one such identity. It is also assume that the collision warning hardware, within the vehicle, is aware of this identity. At the same time for the vehicles that do not support the collision warning system, the infrastructure can read the identity using Automatic Vehicle Identification (AVI) System. The AVI system consists of an in vehicle tag (transponder) and a roadside reading unit which could be connected to the central computer system. These reading units also know about the location of the vehicle. [1] describe one such microwave based identification-tag system. Such tags are available in read only mode or in read/write mode powered by either battery or electrical system in the vehicle. It is sufficient to have the read only identification-tag for collision warning system where the identity is known to the vehicle itself and a roadside sensor can easily read the identity.

Broadly classifying, there are two different possible scenarios while collecting the information from the vehicle.

2.2 Vehicles with collision warning hardware

Vehicle with collision warning hardware can collect its own traffic parameter and can inform the base station. Following are the way to collect such information locally.
· Vehicle Identity: As mentioned above, the identity of the vehicle is assumed to be known to the collision warning hardware.
· Location of the vehicle: Vehicle can use Global Positioning System to determine their position/location. However GPS does not work effectively when the communication with the satellite is lost (downtown area, in tunnel). There are other technologies to identify the vehicle location based on the landmark. [2] discusses one such technology which uses the vision based automatic vehicle location system. The system does not require any infrastructure outside the vehicle. The system maintains a large number of location hypotheses and searches for a large number of landmarks stored in the database in real time.
· Speed of the vehicle: Each vehicle is equipped with odometer which can give the speed of the vehicle.
· Direction of the movement: Each vehicle is equipped with compass which can give the direction of the movement.
2.3 Vehicles without collision warning hardware
There are techniques to calculate the traffic parameter on the road and also at the same time calculate the parameter of individual vehicle.

As discussed in [3] Traffic management cameras can be employed on the roadside to extract about the traffic on the road by calibrating the cameras and then track vehicles to create a traffic speed sensor. The algorithm used can track traffic on individual lane on the road. The algorithm works in following step:

1. Estimate the camera position relative to the roadway using the traffic flow to establish an activity map and also uses the vehicle edge information to establish lines perpendicular to the roadway edges.

2. Then it calibrates the camera or refocuses by extracting features from the new image sequence.

3. Finally, estimate vehicle speeds by tracking vehicles across image frames and establishing the distance traveled between frames. The speed estimate is the distance divided by the inter-frame time.

Another approach to collect the vehicle parameter uses spot sensors. [4] discusses Incident Detection System (IDS) with inductive loop sensors.  The IDS utilizes sensor, information processing, and communications technologies to monitor the traffic conditions on the highway on the real-time basis. The IDS uses inductive loop detectors, Caltrans Model 170 controllers and a central computer system to collect and process the data. The 170 controllers calculate vehicle speed and occupancy and transmit the information every 20 seconds. 

Note that as it is expected that there are existing infrastructure to find the vehicle identity, speed, direction and location, and update the base station periodically.
The base station also has the information about the signal pattern at the intersection. Moreover, it know precisely when the signal changes.

3.0 Solution Approach and Description
In the proposed solution the base station at the intersection collects the information about the vehicles around the signal. The base station also has the information about the overall traffic flow around the intersection. Information is collected either directly from the vehicle or from the infrastructure around the intersection. Based on all the information available, the base station decides the system parameters on the fly. 
The vehicle that implements the collision warning hardware establishes the connection with the base station by sending a REGISTRATION message. Once the connection is established the vehicles updates the base station when the vehicle traffic parameter changes using the UPDATE message. Update messages are sent by the vehicle only when it satisfies the criteria specified by the base station. In other words the base station controls the flow of air traffic around the intersection by specifying the criteria in the downlink ACCEPT message. The communication protocol is designed in such a way that if the intersection is congested, the air traffic will not increase drastically which might reduce the underlying MAC throughput and thus defeating the goal of informing the vehicle about the possible collision. At the same time when the intersection is not crowded and the vehicles are moving at specified speed, the air traffic should not be less enough so that the base station is not aware of the changes in the vehicle parameters which might result in collision and thus defeating the goal of identifying the accident.
Based on the traffic flow at the intersection, which in turn defines the speed of the vehicles and other parameter, the base station defines a boundary, called critical distance, around the intersection. The selection of critical distance boundary is very important in this algorithm as most of the decision, at the base station, are made based on the critical distance. Based on the vehicle location if it is inside/outside the critical boundary, a high/low priority is assigned to the vehicles. High priority vehicle updates the base station more frequently.

When high priority vehicle approach the intersection, the base station tries to identify any signal break or collision at the intersection. Under any such scenario the base station immediately sends a warning message to the driver so that appropriate action can be taken.
Initially the protocol discussed in the next section can be assumed to be working for only one lane road. During the protocol analysis, extension to multi lane system will be discussed.
4.0 Protocol Specification
When the underlying MAC sub-layer, of the vehicle, indicates the availability of the base station to the upper layer, the protocol sends REGISTER message immediately to the base station and expect an ACCEPT message from the base station.

ACCEPT message provides the protocol specific parameter to the vehicle. ACCEPT message is sent during the following scenario:

· When the base station receives the REGISTER message.

· When the base station receives the UPDATE message.

UPDATE message provides the changes in the vehicle parameters to the base station. UPDATE message is sent when the changed parameter satisfies the condition specified in the ACCEPT message. UPDATE message is sent during any of the following scenario:

· when periodically update timer (T01) expires

· when the vehicle changes the lane or when the driver notify any direction of movement  (for example when the driver gives the left/right turn indicator)

· when the current speed changes (increased or decreased) by more then threshold (TH01) since the last UPDATE/REGISTER message.

4.1 Protocol Description for Vehicle
4.1.1 REGISTRATION PROCESS
When the underlying MAC sub-layer, of the vehicle, indicates the availability of any new base station to the upper layer protocol, the protocol sends REGISTER message immediately to the base station. The protocol starts a timer T02 for the ACCEPT message.

On expiry of T02, the REGISTRATION message is retransmitted. This process should be repeated till the maximum message retries count (MAX_REGIS) is reached after which the Registration process is suspended till T03 sec. Note that the vehicle might be at the periphery of the base station coverage area which could result in unsuccessful transmission of the messages. Also because of the congestion, if the vehicle is not moving, then the REGISTRATION process should be restarted after time T03 sec.
On receiving ACCEPT message, following action are taken:

· Stop T02, T03 if running.

· The periodically update timer (T01) is updated and restarted.

· Threshold (TH01) for “change in speed” is updated.

4.1.2 UPDATE PROCESS

The update message in the uplink is used to notify the base station about the change in the vehicle parameter. Update message always include the latest information available and is sent under the following conditions.

· When the periodic update timer T01 expires
· Since the last reported speed (in the REGISTER/UPDATE message), if the change in vehicle speed is more then TH01

· If the vehicle has changed the lane
· If the driver have changed any decision (for example, right/left turn indicator)
On sending the UPDATE message, restart the periodic update timer T01.
4.1.3 ABORT PROCESS
ABORT message is sent on the downlink to either abort the process temporarily or permanently, based on the reason specified. On receiving the ABORT message following action are taken based on the reason specified in the message.

· NOT APPLICABLE: Abort the whole process and do not attempt again.

· RETRY LATER: Stop the periodically update timer T01 and restart the REGISTRATION suspend timer T03, however the TH01 is still applicable.

4.2 Protocol Description for Base Station
When the base station receives the REGSITER message, first the parameters are analyzed to check if the message is useful (For example, a vehicle might cross the signal before it could successfully transmit the REGISTER message to the base station). If the location and direction of the vehicle indicates that there is not signal ahead of the vehicle then an ABORT message is sent with the reason as “NOT APPLICABLE”.

If identical UPDATE messages are received for MAX_UPDATE times, then an ABORT message is sent with reason as “RETRY LATER”. Note that this is possible during the congestion, when the vehicles are not moving and sending periodic UPDATE message. 

The base station sends an ACCEPT message when it receives REGISTRATION/ UPDATE message. The fields are calculates as follows:

· Identity of the vehicle: This field is copied form the received REG/UPDATE message.
· Periodically update timer (T01): T01 is calculated based on the location (loc) and speed (v) of the vehicle. If the vehicle is closer to the intersection then T01 value is less compare to value when the vehicle is away from the intersection.

If ( loc > CRITICAL_DIST)



T01 = time required to move HIGH_UPDATE_DIST (i.e 






HIGH_UPDATE_DIST/ v)


Else



T01 = time required to move LOW_UPDATE_DIST (i.e 






LOW_UPDATE_DIST/ v)


For vehicle which are not moving at all (v = 0), v = 1 could be assumed.

CRITICAL_DIST, HIGH_UPDATE_DIST and LOW_UPDATE_DIST are discussed in the 
next 
section. HIGH_UPDATE_DIST is greater then LOW_UPDATE_DIST.
· Threshold (TH01) for change in speed, since last UPDATE/REGISTER message sent is calculated based on the location (loc) of the vehicle. If the vehicle is closer to the intersection then TH01 is less compare to when the vehicle is away from the intersection.

If ( loc > CRITICAL_DIST)



TH01 = HIGH_TH_SPEED


Else



TH01 = LOW_TH_SPEED


HIGH_TH_SPEED and LOW_TH_SPEED are discussed in the next section. HIGH_TH_SPEED  
is greater then LOW_TH_SPEED.
When the REGISTRATION/UPDATE message is received, the base station checks for the possible collision or signal break only if the location of the vehicle is within the critical distance boundary. Before discussing the algorithm let us first discuss calculation of few parameters.
From [5], few typical values are taken which helps defining and calculation of the distance required to safely stop a vehicle moving at speed V:


Speed of the vehicle is typically 



= 15 ~ 25 m/sec


Time required by driver to react (T-reac) 


= 1.0 sec 

Deceleration of the vehicle (D-dec)


= 7 ~ 9 m/sec*sec


Distance required to stop the vehicle (D-stop) 

= V*V/(2*D-dec)

Thus, 
Distance required to safely stop the vehicle, D-safely 
= V * T-reac + D-stop
Calculation of time required for a vehicle to take left turn while the signal is “YIELD ON GREEN”
Let us consider that the vehicle moves at a constant speed while crossing the intersection. Assume that the vehicle start with 0 m/sec and reaches a speed of 5 ~ 6 m/sec, just after crossing the intersection. The pessimistic value is taken to accommodate any error introduced because of the constant speed assumption and also to consider the different periphery of the vehicles.
If the vehicle is in critical distance boundary then the following algorithm is used at the base station.


If (signal is YELLOW)



If the distance required to safely stop the vehicle is less then the remaining section to 




reach intersection, then do nothing and let the vehicle cross the intersection.



Else if the distance required to safely stop the vehicle is more then the critical distance 



from the intersection, then do nothing ( the driver have enough time to react).


Else if the distance required to safely stop the vehicle is less then the critical distance 




from the intersection, then send a WARNING message to the vehicle with reason 



as “YELLOW SIGNAL AHEAD”


If (signal is RED)



If the distance required to safely stop the vehicle is more then the critical distance from 



the intersection, then do nothing (the driver have enough time to react).


Else if the distance required to safely stop the vehicle is less then the critical distance




from the intersection, then send a WARNING message to the vehicle and also to the 



vehicles on the opposite direction with reason as “RED SIGNAL AHEAD”


If (signal is YIELD ON GREEN)



If the time the vehicle cross the intersection and reach the other side of the road, is less 



then time required for any vehicle (on opposite direction) to enter in its 




critical distance then do nothing.



Else issue a WARNING message to all the vehicles (which does not satisfy the above 



condition) with the reason as “POTENTIAL COLLISION ANTISIPATED”. 
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Figure 2: Left Turn Rule: Yield to vehicles approaching

If (vehicle is making right turn when signal is RED)



If the time required for the vehicle to attain the specified speed of the road is more then 



the time required for any vehicle (vehicle from opposite side or from the left side 



w.r.t the vehicle taking right turn) to cross the signal then do nothing. 




Else issue a WARNING message to all the vehicles (which does not satisfy the above 



condition) with the reason as “POTENTIAL COLLISION ANTISIPATED”.
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Figure 3: Right Turn Rule: Yield to vehicles approaching
4.3 Default value of the parameters
4.3.1 Base station specific
It is assumed that each vehicle is of length 4.5 meter and the headway (distance between subsequent vehicles) is 1 meter.

The traffic flow is categorized in three different sections
· Low: When the vehicle can move at the specified speed. Typically a vehicle requires about 4 sec to safely stop the vehicle.
· High: When the vehicle is almost still or moves very slowly (~2 m/s). Typically a vehicle requires about 2 sec to safely stop the vehicle.
· Moderated: When the congestion is not Low or High. Typically a vehicle requires about 2-3 sec to safely stop the vehicle.
For example, peak hour traffic could be consider high congested when the vehicle approaches the signal however when the signal is GREEN, the traffic could be consider as moderate.
CRITICAL_DIST (CD): This parameter represents the critical distance boundary and is the most important parameter. Under any condition CD should be more then the distance travel by the vehicle in time that is required to safely stop the vehicle.
For Low congestion, the distance should be about 6 sec required for the vehicle to reach the intersection (~ 125 m)

For Moderate congestion, the distance should be about 4 sec required for the vehicle to reach the intersection (~ 50 m)

For High congestion, the distance should be about 2 sec required for the vehicle to reach the intersection (~ 15 m)

HIGH_UPDATE_DIST:  This parameter is represented in distance that the vehicle will travel before it will send another periodic update message to the base station. This parameter should be directly related to the critical distance. Typical value could be CD/3.
LOW_UPDATE_DIST: This parameter is same as the previous parameter accept that the periodic update message is expected faster as the vehicle is in critical distance. Typical value of CD/6 should be good.
HIGH_TH_SPEED: This parameter represents the change in speed required to trigger the UPDATE message. As the vehicle is not in the critical distance, frequent update message is not expected. A relative change in speed of 10 m/sec should be fine.
LOW_TH_SPEED: This parameter is same as the previous one except that the vehicle is in critical distance. Based on the congestion type the value can be chosen.

Low congestion: 5 m/sec
Moderate congestion: 3 m/sec
High congestion: 1 m/sec
MAX_UPDATE: This parameter represents how many times identical UPDATE messages should be received before an ABORT message is sent with reason as “RETRY LATER”. Note that this is possible during the congestion, when the vehicles are not moving and sending periodic UPDATE message. Typical value could be 3.

4.3.2 Vehicle specific
REGISTRATION response timer (T02): This parameter depends on the underlying transceiver used for communication. It represents what is the maximum time required for the successful ACCEPT message to arrive. 

REGISTRATION retry limit, MAX_REGIS: This parameter represent, how many time the REGISTRATION message should be sent before giving up. Typical value could be 3. 

REGISTRATION suspend timer (T03): This parameter represent if the registration process has been suspended then how long to wait before attempting again. The typical value could be 2 * (MAX_REGIS * T02) sec

4.4 MESSAGE FORMAT

4.4.1 Uplink REGISTER message format
The REGISTER message includes:

· Identity of the vehicle

· Speed of the vehicle

· Location of the vehicle

· The direction of the movement

· Intended direction of movement at the intersection (optional)

4.4.2 Uplink UPDATE message format
The UPDATE message includes:

· Identity of the vehicle

· Speed of the vehicle

· Location of the vehicle

· The direction of the movement

· Intended direction of movement at the intersection (optional)

4.4.3 Downlink ACCEPT message format
The ACCEPT message includes:

· Identity of the vehicle

· Periodically update timer (T01)

· Threshold (TH01) for change in speed, since last UPDATE/REGISTER message sent

4.4.4 Downlink WARNING message format
The WARNING message includes:

· Identity of the vehicle

· Reason

4.4.5 Downlink ABORT message format
The ABORT message includes:

· Identity of the vehicle 

· Reason

5.0 Analysis of the Solution

Before proceeding, let us discuss the extension of the protocol from single lane system to multi lane system. It is very important to note that in a multilane system the traffic flow on one lane could be very different from the adjacent lane. For example, if the extreme left lane is dedicated for left turn and the adjacent lane is dedicated for straight traffic, then it is very much possible that vehicle in one lane is moving and on the other lane is not moving. 

As the base station have the location of the vehicle around the intersection and the base station is also aware of the signal pattern of the intersection, the base station can define different CD for each lane based on the traffic flow for that lane. Below mentioned is a scenario where the CD value is chosen based on the different parameter at the intersection.

Let us assume the protocol is running at an intersection, where:

· 4 roads intersect. Each road has 4 lanes (one for left turn, one for right turn and two going straight). For simplicity let us also assume that the traffic in each lane move at the same time.
· 802.11 with 1 Mbps is used as an underlying MAC/PHY Layer protocol [6]
· Traffic is uniform on all roads around the intersection.

· All vehicles support the protocol and are assisted by the base station (maximum possible air traffic).
· All vehicles are of same size (around 4.5 m)

· Headway (space between two vehicles) is around 1 m.

· Signal is GREEN only for one side and the other three side have RED signal.

· The payload size of UPDATE and ACCEPT message is not more then 20 bytes. 

Thus there are total of 16 lanes and each lane has vehicles which communicate with the base station. 
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Figure 4: Rush Hour Traffic
5.1 Air Traffic Produced During Rush Hour

CD for lanes which have RED signal could be very less, which would reduce the air traffic at the base station. As discussed while defining the CD, ~15 m would be good, this means there are 2 vehicles in each lane and 8 vehicles per road within the CD. Thus 24 vehicles around the signal are blocked by the RED signal and are communicating with the base station with the periodic update timer as 2.5 sec. Thus for each message there is (2.5 sec/24 =) 104 millisecond.
On the other hand, for the road which has the GREEN signal, the CD is defined as ~50 m which means there are around 32 vehicles. Each vehicle is communicating with the periodic update timer as 8 sec. Thus for each message there is (8 sec/32 =) 250 millisecond.
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Figure 5: Critical distance boundary during Rush Hour
Thus, in 250 millisecond there are around 80 UPDATE messages and 80 ACCEPT messages of 20 bytes each need to be transmitted by the underlying protocol. The 802.11 requires less then 1 millisecond to transmit two 20 bytes payload. Thus the channel utilization would be 33% which is very much realistic and easily achievable.
In the above scenario only vehicles within the CD are considered. Similarly it can be shown that other low priority vehicles would not produce traffic more then 50% of the air traffic produced by the vehicle with the CD. Thus the overall channel utilization would be not more then 50%.

5.2 Air Traffic Produced During Free Traffic Hour
Considering the extreme case, let us assume that during the slow traffic hour, three side of the intersection are packed and are blocked by RED signal. Where as the 4th road have the free traffic. Using the same argument as above, it can be shown that there would be same number of vehicles around the intersection within the critical distance and thus producing the same air traffic which would not require more then 50% of the channel utilization.
5.3 Strength
Listed below are the strength of the protocol.

· This protocol does not assume the layout of the signal, like all roads intersect at right angle. The protocol is designed to adapt changes in the environment. For example:

· Any number of roads at the intersection

· Number of lanes per road

· Traffic condition at the signal. Even non-uniform traffic condition can be handled easily.

· Vehicle speed which could vary based on the traffic condition.

· Underlying MAC & PHY layer protocol limitations.

· Eventually when all vehicles adapt the technology, no infrastructure will be required to calculate the individual vehicle parameter. Even the traffic flow could be identified using the above discussed protocol.

· This protocol can also be used to support the following scenario with little or no modification.
· Emergency Vehicle Signal Preemption

· Highway/Rail Collision Warning

· Low Bridge Warning

· Road Condition Warning

· Stop Sign Violation Warning

· Work Zone Warning

· As the base station knows the location of the vehicle, it can also warn the vehicle if the “intended direction of movement”, as specified in the UPDATE message, is not consistent with the lane (location) of the vehicle.
5.4 Weakness/Open issue
Listed below are the weakness/open issues of the protocol.

· This protocol does not use the broadcast nature of the wireless medium, which can be used to reduce the downlink traffic from the base station. Different groups can be formed based on the location of the vehicle and a general message can be sent specific to the groups.

· Also, the protocol does not take care of the vehicles that are parked around the intersection. Modifications are required to support these vehicles.
6.0 Conclusion

This paper presents a protocol which can be used at the intersection to identify any possible occurrence of accident or violation of traffic rules and inform the vehicles involved. Only those vehicles are mainly benefited that have the corresponding hardware available. The system collects the traffic parameter from the available infrastructure around the intersection. With the collected traffic parameters, the system defines a boundary, within which vehicles are closely monitored and if any thing goes wrong or miscalculated by the driver, a warning message is immediately send.
It is also shown in the paper that during rush hour the maximum air traffic generated, require 50% channel utilization. More realistic data can be obtained by doing simulation of the proposed protocol.
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