
Chapter 2: Available Adaptive traffic control systems 

2.1 Introduction: 

Over the course of performing a literature review, it was found that there are four 

methodologies that stand out from other attempts at adaptive signal control. They are 

significant due to their relative acceptance in the field, as well as the relative extent of 

their real- world implementation. In this chapter, the most popular adaptive traffic 

control systems are discussed. 

2.2 Major methodolies: 

There are many adaptive systems available but many have been developed specifically 

for a particular city and whilst they may be available for use by others, they do not 

have the support and ongoing development opportunities afforded by more 

commercially available systems. The most widely used among these, and available in 

a relatively off-the-shelf deployment solution are the British SCOOT (Split Cycle 

Offset Optimization Technique) [14] and the Australian SCATS (Sydney Coordinated 

Adaptive Traffic System) systems [28], In addition to them, RHODES (Real time 

Hierarchical Optimized Distributed and Effective system) [5] and the OPAC 

(Optimized Policies for Adaptive Control) [30] are used. 

2.3 SCOOT (Split Cycle Offset Optimization Technique): 

SCOOT was developed in the early 1980's by the transport research laboratory in the 

United Kingdom. For the detection method, inductive loops are most common, though 

other types of detectors can be used. For best results, detectors are required on each 

link. Installing inductive loops, and maintaining them subsequently, is a significant 

element in the cost of SCOOT, although less than would be required if all the 

junctions were operated by isolated Vehicle Actuation. Overhead detectors have been 

used successfully in some situations [14]. 

SCOOT differs from SCATS in that it uses a second set of advance vehicle detectors 

typically 50-300 meters upstream of the stop line. The advance detectors provide a 

count of the vehicles approaching at each junction. This gives the system a higher 

resolution picture of traffic flows and a count of the number of vehicles in each queue, 
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several seconds before they touch the stop line. It also provides exceptional queue 

length detection information to the system, which is triggered when the traffic queue 

backs up to the upstream detector. Under the SCOOT system green waves can be 

dynamically delayed on a just in time basis based on the arrival of vehicles at the 

upstream detector, allowing extra time to the previous green phase where warranted in 

heavy traffic conditions. 

A SCOOT network is divided into "regions", each containing a number of "nodes" 

(signalled junctions and pedestrian crossings) that all run at the same cycle time to 

allow co-ordination [14, 25, 27], 

Nodes may be "double cycled" (i.e. operate at half of the regional cycle time) at 

pedestrian crossings or under saturated junctions. Region boundaries are located 

across links where co-ordination is least critical, e.g. long links. Data on the regions, 

nodes, stages, links and detectors will need to be stored in the SCOOT database. 

When all the equipment has been installed and the network data input into the 

database, the system will need to be validated. Validation of SCOOT is the process of 

calibrating the SCOOT traffic model so that it reflects as accurately as possible the 

actual events on the street network. This is critical, to ensure effective performance of 

the system. Those parts of the system that have been validated can be operated under 

SCOOT control whilst further nodes are being validated. Once the system has been 

validated, the traffic management parameters can be set to manage traffic in line with 

the authority's strategy [14], 

When vehicles pass the detector, SCOOT receives the information and converts the 

data into its internal units and uses them to construct "Cyclic flow profiles" for each 

link. Vehicles are modeled down the link at cruise speed and join the back of the 

queue (if present). During the green, vehicles discharge from the stop line at the 

validated saturation flow rate. 

The data from the model is then used by SCOOT in three optimizers which are 

continuously adapting three key traffic control parameters - the amount of green for 

each approach (Split), the time between adjacent signals (Offset) and the time allowed 

for all approaches to a signaled intersection (Cycle time)[14]. 
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At every junction and for every phase, the split optimizer, a few seconds before the 

phase change is due to take place, will make a decision as to whether to make the 

change earlier, later or as due. The optimizer implements the decision, which only 

affects the phase change time by a few seconds that minimizes the maximum degree 

of saturation for the approaches to the intersection. 

During a predetermined phase in each cycle, and for every junction in the system, the 

offset optimizer makes a decision to alter, by a fixed amount, all the scheduled change 

times. The optimizer uses information stored in the cyclic flow profiles and by 

comparing the sum of performance indices on all the adjacent LINKs for the 

scheduled offset and the possible changed offsets. 

A SCOOT system is split into cycle time regions which have pre-determined 

minimum and maximum boundaries. The Cycle time Optimizer can vary the cycle 

time of each region in small intervals at attempt to ensure that the most heavily loaded 

node in the system is operating at a 90% saturation. If all stop bars are operating at 

less than 90% then the optimizer will make incremental reductions in cycle time. 

These three optimizers are used to continuously adapt these parameters for all 

intersections in the SCOOT controlled area, minimizing wasted green time at 

intersections and reducing stops and delays by synchronizing adjacent sets of signals. 

This means that signal timings evolve as the traffic situation changes without any of 

the harmful disruption caused by changing fixed time plans on more traditional urban 

traffic control systems [27], 

If one takes the example of a busy arterial road with side roads intersecting it, a 

SCOOT controlled traffic signal system will seek to maximize the traffic carrying 

capacity of the arterial road by slotting traffic flows from the side road, far side turn 

filters, and pedestrian crossing phases into predicted gaps in vehicle flows along the 

arterial route. The SCOOT system uses upstream vehicle detectors to predict vehicle 

arrivals at the stop line, in advance of real time. Upstream detectors on the side roads 

give the system information on queue lengths, which in turn allows it to maximize the 

green wave along the arterial route, by recovering un-needed green time allocated to 

non-priority phases. As AM and PM traffic peaks, SCOOT increases the cycle time 
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dramatically to assist traffic flow fluidity along main routes by reducing the incidence 

of start/stop events, which might otherwise bring traffic to a standstill. 

The SCOOT system is used in many other urban areas, including Toronto, San Diego, 

Anaheim, London and Bangkok. 

2.4 SCATS - Sydney Coordinated Adaptive Traffic System: 

SCATS is somewhat newer, having being created in the early 1990's by the Roads 

and Traffic Authority of New South Wales, Austrailia. SCATS is a proven adaptive 

system that is currently controlling more than 20,000 intersections on six continents 

[28], SCATS's ability to improve traffic signal operations and provide benefits to the 

traveling public has been proven in deployments across the United States [30], 

SCATS gathers data on traffic flows in real time at each intersection. This data is fed 

via the traffic control signal box to a central computer. The computer makes 

incremental adjustments to traffic light timings based on minute by minute changes in 

traffic flow at each intersection. SCATS performs a vehicle count at each stop line, 

and also measures the gap between vehicles as they pass through each junction. As the 

gap between vehicles increases, the lights are wasting green time and SCATS seeks to 

reallocate green time to where demand is- greatest. The SCATS system is also used in 

many other urban areas including Hong Kong, Sydney, Melborne and Oakland 

Country. 

Utilizing the Microsoft Windows Operating System, SCATS offers intuitive and 

efficient system operations and data entry [28], Using contemporary off-the-shelf 

servers and workstations, SCATS's scalable architecture is suitable for systems 

ranging from 10 intersections to over 2,000 intersections. A single server can control 

up to 250 intersections and additional servers can be added to provide control for more 

intersections. Its client-server architecture is suitable for conventional office networks, 

and its low processing requirements allows SCATS to be installed on typical office 

computers. SCATS provides its users contemporary, non-proprietary controller 
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options including support for Type 170-E, Model 2070, and Eagle M50 series 

controllers. 

SCATS also provide a flexible communications architecture, supporting: 

Point-to-point communications 

_ Point-to-multipoint communications 

_ IP-based communications 

Its robust communications protocol operates over fiberoptic networks, wireless 

networks, and twisted pair networks found in many municipalities. 

The proposed system has two control levels; strategic, and tactical. The Strategic 

Level establishes limits on the operation of control at each intersection. The Tactical 

Level Control resides at the controller, and provides for cycle-by-cycle adjustments 

within limits set by the Strategic Level [7, 24], 

Combined, both control levels will provide three main elements: 

• Cycle length calculations for each critical intersection; 

• Phase split calculation for each intersection; and 

• Determination of offsets between adjacent intersections. 

By design, the Cupertino city arterials network to be coordinated is subdivided into 

small groups, and each group is having a maximum of one critical intersection. A 

group may be any number of intersections, but is always be composed of at least one 
v. 

intersection. One key function of the Strategic Control is to decide when to join two 

or more groups into one coordinated systems. The desired cycle lengths for individual 

groups are used for this purpose. When two groups require similar cycle lengths, they 

could be joined to form one coordinated system for the next control period. The 

desirable cycle length is calculated for the critical intersection in a group. This occurs 

through a look-up table based on the minimum delay cycle length calculations by the 

local controllers. The phase split is then calculated for the critical intersection. This is 

done by the local controllers to achieve equal degrees of saturation (where detection is 

available) or look-up tables in the case of minor intersections with limited detection. 

For non-critical intersections within the group, the phase split is generally determined 

by the minimum phase length requirements of the non-coordinated phases. 
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The other main function of the Strategic Level control is to select a common cycle 

length, matching phase sequence, and offsets for various groups and to pass these 

control constraints to individual controllers. 

The controller is having the ability to fine tune splits and offsets on a cycle-by-cycle 

basis, and to determine desired cycle lengths. Controller software is to provide this 

functionality. 

In order to measure degree of saturation, loops at the stop line will need to be sized to 

provide a monotonic relationship between time space and speed. This will require a 

loop array 16 feet long [24], In simple terms, the time space between vehicles is 

relatively independent of the size of following vehicles, but directly related to the 

speed of a vehicle. Within the range of non-congested speeds encountered at traffic 

signals, a loop array of 16 feet length will give a reasonable estimate of the speed of 

traffic, and an accurate count. It therefore provides the raw data for the degree of 

saturation and volume calculations. 

2.5 RHODES - Real time Hierarchical Optimized Distributed and Effective 
System: 

RHODES is the newest of these four systems having being produced in the mid 

1990's at the University of Arizona at Tucson [5], RHODES: Architecture, algorithms 

and analysis by Pitu Mirchandani..,et al [5] gives a detailed description about the 

system. 

The system takes input from the surface street detectors, predicts the future traffic 

streams at various hierarchical levels of aggregation, both specially and temporally 

and outputs the signal control settings that respond to these predictions. The 

optimization criterion can be any that is provided by the jurisdiction using the system 

but must be based on traffic measures of effectiveness such as average delays, stops, 

throughput, etc. 

At the highest level of RHODES is a "dynamic network loading" model that captures 

the slow-varying characteristics of traffic. These characteristics pertain to the network 

geometry (available routes including road closures, construction, etc.) and the typical 
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route selection of travelers. Based on the slow-varying characteristics of the network 

traffic loads, estimates of the load on each particular link, in terms of vehicles per 

hour, can be calculated. The load estimates then allow RHODES to allocate "green 

time" for each different demand pattern and each phase (North-South through 

movement, North-South left turn, East-West left turn, and so on). These decisions are 

made at the middle level of the hierarchy, referred to as "network flow control". 

Traffic flow characteristics at this level are measured in terms of platoons of vehicles 

and their speeds. Given the approximate green times, the "intersection control" at the 

third level selects the appropriate phase change epochs based on observed and 

predicted arrivals of individual vehicles at each intersection. 

Essentially, at each level of the hierarchy there is an estimation/prediction component 

and a control component. 

There are three aspects of the RHODES philosophy that make it a viable and effective 

system to adaptively control traffic signals. First, it recognizes that recent 

technological advances in communication, control, and computation make it possible 

to move data quickly from the street to the computing processors, make processing of 

this data to algorithmically select optimal signal timings fast and allow the flexibility 

to implement through modern controllers a wide variety of control strategies. Second, 

RHODES recognizes that there are natural stochastic variations in the traffic flow and 

therefore one must expect the data to stochastically vary. And third, RHODES 

proactively responds to these variations by explicitly predicting individual vehicle 

arrivals, platoon arrivals and traffic flow rates for the three corresponding levels of 

hierarchies. 

The two important issues to predict the traffic flow are the length of the time horizon 

and the number of prediction points per time horizon, which is called the prediction 

frequency. 

The prediction time horizon provides the real time traffic adaptive signal timing 

control logic with the ability to plan future signal timing decisions. If the prediction 

time horizon is short, perhaps several seconds, then the signal timing decisions are 

restricted. If the predictions are more over a 10 seconds time horizon, the signal 

timing logic can only make timing decision that extend or shorten the current phase. 

On the other hand, if the predictions are made over a long horizon, the signal timing 
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decisions can include decisions on phase sequencing and phase durations. The 

prediction frequency provides information about the distribution of vehicle arrivals 

over time. If the predictions are made at a frequency of only one prediction for the 

decision time horizon, then the signal timing logic must assume that the vehicles 

arrive uniformly during that time period. If the predictions are made more frequently, 

like every seconds over the prediction horizon, then the signal timing logic will have a 

more accurate representation of the distribution of vehicle arrivals over time. 

RHODES is a hierarchical control system [5] that uses predictive optimization, 

allowing intersection network levels of control. RHODES includes a main controller, 

a platoon simulator (APRES-NET), a section optimizer (REALBAND), an individual 

vehicle simulator (PREDICT) and a local optimizer (COP). The detector requirements 

for RHODES are fairly flexible. At minimum, RHODES requires upstream detectors 

for each approach to the intersections in the network. RHODES also can use stop-bar 

detectors to calibrate saturation flow rates and improve traffic queue estimates. 

The PREDICT algorithm in RHODES uses the output of the detectors on the approach 

of each upstream intersection, together with information on the traffic state and 

planned phase timings for the upstream signals, to predict future arrivals at the 

intersection. This approach allows a longer prediction time horizon since the travel 

distance to the intersection is longer and the delays at the upstream signal are 

considered. A benefit of this approach is that it includes the effects of the upstream 

traffic signals in the intersection control optimization problem. 

The several parameters are needed to be provided to the PREDICT model. They are 

the travel times on links ( detector to detector ) which depends on the link free flow 

speed and current traffic volumes, the queue discharge rates which also depends on 

volumes such as queue spillbacks and opposing and cross traffic volumes and the 

turning probabilities. 

Through-traffic queue discharge rates are effected by downstream through-traffic 

volumes, which can be easily measured. Likewise, left-turn queue discharge rates 

depend on opposing traffic volumes, and right-turn queue discharge rates depend on 

cross-traffic in that direction. These three discharge rates are initially given from 
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calculated default functions - functions of traffic volumes, but are then adjusted based 

on how well they predict remaining queues at the stop-bar presence detectors. 

The resolution of traffic at the network flow control level (i.e. level 2 of the RHODES 

hierarchy) is in platoons. Typically, RHODES will use a 20 - 40 second rolling 

horizon to predict arrivals and queues at each intersection, based on upstream detector 

data; at the network flow control level, RHODES will use a 200 - 300 second rolling 

horizon. 

Fixed control strategies are based on a signal-timing plan defined in terms of operating 

parameters for traditional signal control, namely cycle time, splits, and offsets. These 

parameters are generally developed based on traffic studies and standard procedures, 

such as the Highway Capacity Manual, or signal timing software such as TRANSYT 

and PASSER. The traffic studies result in estimates of traffic conditions, link volumes 

and turning percentages, for specified time periods. Signal timing parameters are 

developed for each of these time periods and, typically, implemented on a time-of-day 

basis with no consideration of current actual traffic conditions. In many cases, even 

the use of standard procedures for the development of signal timing plans is 

abandoned and traffic engineers operate in a judgment-based fashion with moderate 

levels of success. None of these approaches is truly traffic-adaptive or even attempt to 

actually minimize some measure of traffic performance such as average vehicle delay. 

The RHODES approach is to predict both the short-term and the medium term 

fluctuations of the traffic (in terms of individual vehicle arrivals and platoon 

movements respectively), and explicitly set phases that maximize a given traffic 

performance measure. RHODES does not necessarily require a prespecified phase 

sequence, but since many traffic engineers prefer a pre-specified sequence, RHODES 

has been developed to allow the traffic engineer to specify a desired sequence. In other 

word, in the RHODES control strategy, the emphasis shifts from changing timing 

parameters in reacting to traffic conditions just observed to proactively setting phase 

durations for predicted traffic conditions. 

Each decision has an associated value based on a performance measure such as stops 

or delay. This value is determined by using the predicted vehicle arrivals, the current 

and prior decisions, and an imbedded traffic flow model that accounts for estimated 
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queues, startup lost time, queue discharge and arrivals, as well as other traffic 

dynamics that relate the decision to the performance measure. 

The Dynamic Programming is completed when each possible decision for each stage 

has been evaluated in a forward recursion. Then a backward recursion is used to 

determine the sequence of phases and phase durations that will result in the lowest 

value of the performance measure over the optimization horizon. 

The decision for the first stage of the optimization is implemented as the desired 

signal control. Just prior to the end of this first phase, the optimization problem is 

solved again in a rolling horizon approach. The sequence of phases in the second 

optimization begins with the current phase which allow for the phase to be terminated 

early or extended based on the re-evaluation with more recent observations and 

predictions. 

Platoons are defined from observed detector data as a flow density above a pre-

specified level for some length of time [21]. Each platoon is characterized in terms of 

size (number of vehicles) and speed. When two (or more) platoons are predicted to 

arrive at an intersection and they request opposing signal phases, a conflict is said to 

occur. A decision tree is built where each branch of the tree represents one possible 

resolution of a conflict. The decision tree developed is based on the predicted platoon 

movement over some predefined horizon, such as 200-300 seconds, with node and 

two out-links for each conflict resolution. REALBAND evaluates, using APRES-

NET, the performance for each branch of the decision tree. When all branches have 

been explored, a path on the tree (corresponding to a set of conflict resolutions) is 

chosen with best estimated performance. 

The article, Manage traffic via innovative signal control in the web page of 

http: //ops. fhwa. dot. go v/publications/adaptivecontr ol/ [25] gives results oriented 

analysis of RHODES and OP AC. 

2.6 OP AC - Optimized Poicies for Adaptive Control: 

The central goal of signal control is to optimize vehicle flow through a given road 

network. In most cases, the most powerful and cost-effective approach is to improve 

the timing of the traffic signals at all intersections in the network. Adaptive signal 
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control uses very recent data to adjust signal timing "on the fly" based on close to 

real-time traffic conditions. Software systems like MIST (Management Information 

System for Transportation) and OP AC (Optimized Policies for Adaptive Control) 

have been used successfully by municipalities, state DOTs, and others for this 

purpose. OP AC is a system first proposed by Nathan Gartner at the University of 

Massachusets at Lowell in the early 1980's [25, 30], 

OPAC is a traffic adaptive signal control algorithm that provides for continuous online 

optimization of phase duration, cycle length, and offsets in immediate response to 

real-time traffic flows. OPAC eliminates the need to develop and store timing plans 

for different traffic conditions while controlling both isolated intersections and 

networks of intersections in coordinated operation. 

OPAC uses a predictive type of optimization with a rolling horizon [25]. This 

congestion control strategy—which attempts to maximize throughput—adjusts splits, 

offsets, and cycle length but maintains the specified phase order. For uncongested 

networks, OPAC uses a local level of control at the intersection to determine the phase 

online and a network level of control for synchronization, which is provided either by 

fixed-time plans (obtained offline), or a virtual cycle (determined online). 

The types of control and levels of local and global influence are flexible. Predictions 

are based on detectors located approximately 10 to 15 seconds upstream. After the 

initial 10 to 15 seconds, a model predicts traffic patterns. System monitoring and 

coordinated control features are provided through MIST, which communicates with 

individual intersection controllers and monitoring devices, gathering data to feed the 

OPAC algorithm and transmitting signal timing instructions rendered by OPAC. 

The implementation of an adaptive control system such as OPAC provides many 

advantages over existing fixed-timed plans by minimizing traffic delays through 

effective signal operation, improving travel time, reducing fuel consumption, and 

improving air quality while simultaneously reducing maintenance and operation costs 

and facilitating automated traffic data collection. 

Several U.S. cities, including Chicago and Seattle, already have such sophisticated 

computer-guided traffic management systems in place; Cary, N.C., and Sarasota, Fla., 

16 



are among those currently implementing such systems; and other cities around the 

nation are following suit [25, 18]. 

SCOOT and SCATS generally use a cycle based approach on a network, adjusting the 

cycle time, split and offsets among cycles in the network to optimize a measure of 

effectiveness [3, 18]. OP AC and RHODES vary somewhat from this, with OPAC 

being cycle based and RHODES optimizes a measure of effectiveness over a fixed 

prediction horizon and then extends the horizon by a fixed time step and reiterates the 

optimization until an optimal split of the given cycle is found. Advancements in 

approaches to OPAC have allowed for some variability in network wide cycle lengths 

[18]. 

The main objective of the research is to make a simulation model of an adaptive traffic 

control system, which is better to implement in Colombo city to minimize delay 

caused by existing fixed time traffic control system. The detection method for the 

proposed system and the design methodologies are described by the next chapter. 
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