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Abstract 

In this paper author is describing concept to control or automate green traffic signal allotment time 

based on congestion available at road side using Canny Edge Detection Algorithm. To implement 

this technique we are uploading current traffic image to the application and application will 

extract edges from images and if there is more traffic then there will be more number of edges 

with white color and if uploaded image contains less traffic then it will have less number of white 

color edges. Empty edges will have black color with value 0. By counting number of non-zeroes 

white pixels we will have complete idea of available traffic and based on that we will allocate 

time to green signal. If less traffic is there then green signal time will be less otherwise green 

signal allocation time will be more.  

  

I INTRODUCTION 

 

          Traffic congestion is one of the major modern-day crisis in every big city in the world. 

Recent study of World Bank has shown that average vehicle speed has been reduced from 21 km 

to 7 km per hour in the last 10 years in Dhaka . Inter metropolitan area studies suggest that 

traffic congestion reduces regional competitiveness and redistributes economic activity by 

slowing growth in county gross output or slowing metropolitan area employment growth .As 

more and more vehicles are commissioning in an already congested traffic system, there is an 

urgent need for a whole new traffic control system using advanced technologies to utilize the 

already existent infrastructures to its full extent. Since building new roads, flyovers, elevated 

expressway etc. needs extensive planning, huge capital and lots of time; focus should be directed 
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upon availing existing infrastructures more efficiently and diligently. Glean traffic data. Some of 

them count total number of pixels; some of the work calculate number of vehicles. These 

methods have shown promising results in collecting traffic data. However, calculating the 

number of vehicles may give false results if the intra vehicular spacing is very small (two 

vehicles close to each other may be counted as one) and it may not count rickshaw or auto-

rickshaw as vehicles which are the quotidian means of traffic especially in South-Asian 

countries. And counting number of pixels has disadvantage of counting insubstantial materials as 

vehicles such as footpath or pedestrians. Some of the work have proposed to allocate time based 

solely on the density of traffic. But this may be disadvantageous for those who are in lanes that 

have less frequency of traffic.     How long the signal stays green in one lane and red in another 

is most often determined by simple timing that is calculated when the crossing is designed. Even 

though today’s methods are robust and work well when the traffic load is distributed evenly 

across the lanes in the intersection, the systems are very inefficient because they are unable to 

handle various simple situations that arise throughout the day. 

    Unnecessary waiting time in the signal can be avoided by determining in which side the green 

signal should be large during the traffic. This research is to design such a system which works on 

the traffic density and manages the signal lights according to the sensed density of the traffic 

through the infra-red Sensors [1]. The timing of the signal lights will vary with respect to the 

varying density of the traffic, Hence Improving the light system and reducing the traffic 

congestion and other related problems How long the signal stays green in one lane and red in 

another is most often determined by simple timing that is calculated when the crossing is 

designed. Even though today’s methods are robust and work well when the traffic load is 

distributed evenly across the lanes in the intersection, the systems are very inefficient because 

they are unable to handle various simple situations that arise throughout the day. Unnecessary 

waiting time in the signal can be avoided by determining in which side the green signal should 

be large during the traffic. This research is to design such a system which works on the traffic 

density and manages the signal lights according to the sensed density of the traffic through the 

infra-red Sensors [1]. The timing of the signal lights will vary with respect to the varying density 

of the traffic, Hence Improving the light system and reducing the traffic congestion and other 

related problems How long the signal stays green in one lane and red in another is most often 

determined by simple timing that is calculated when the crossing is designed. Even though 

today’s methods are robust and work well when the traffic load is distributed evenly across the 

lanes in the intersection, the systems are very inefficient because they are unable to handle 

various simple situations that arise throughout the day. Unnecessary waiting time in the signal 

can be avoided by determining in which side the green signal should be large during the traffic. 
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This research is to design such a system which works on the traffic density and manages the 

signal lights according to the sensed density of the traffic through the infra-red Sensors [1]. The 

timing of the signal lights will vary with respect to the varying density of the traffic, Hence 

Improving the light system and reducing the traffic congestion and other related problems how 

long the signal stays green in one lane and red in another is most often determined by simple 

timing that is calculated when the crossing is designed. Even though today’s methods are robust 

and work well when the traffic load is distributed evenly across the lanes in the intersection, the 

systems are very inefficient because they are unable to handle various simple situations that arise 

throughout the day. Unnecessary waiting time in the signal can be avoided by determining in 

which side the green signal should be large during the traffic. This research is to design such a 

system which works on the traffic density and manages the signal lights according to the sensed 

density of the traffic through the infra-red Sensors [1]. The timing of the signal lights will vary 

with respect to the varying density of the traffic, Hence Improving the light system and reducing 

the traffic congestion and other related problems How long the signal stays green in one lane and 

red in another is most often determined by simple timing that is calculated when the crossing is 

designed. Even though today’s methods are robust and work well when the traffic load is 

distributed evenly across the lanes in the intersection, the systems are very inefficient because 

they are unable to handle various simple situations that arise throughout the day. Unnecessary 

waiting time in the signal can be avoided by determining in which side the green signal should 

be large during the traffic. This research is to design such a system which works on the traffic 

density and manages the signal lights according to the sensed density of the traffic through the 

infra-red Sensors [1]. The timing of the signal lights will vary with respect to the varying density 

of the traffic, Hence Improving the light system and reducing the traffic congestion and other 

related problems  

 

II LITERATURE SURVEY 

 

Density, speed, and flow are the three critical parameters for road traffic analysis. High-

performance road traffic management and control require real-time estimation of space mean 

speed and density as input for large spatial and temporal coverage of the roadway network. In 

Adaptive Traffic Control System which receives information from vehicle such as position and 

speed and then it utilize to optimize the traffic signal. The system specifies the use of onboard 

sensors in vehicle and standard wireless communication protocol Specified for vehicular 

applications. They implement various traffic Signal control Algorithms .Intelligent traffic 

system for VANET suggest that creation for smart city framework for VANET consisting of 
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Intelligent Traffic Lights which transmit warning messages and traffic statistic. In That System 

Various Routing Protocol Has Been Discus And Compare. They suggest that AODB is best 

suited for Intelligent Traffic Light Author suggests in reference the data forecasting model for 

transmitting data from one to other. This article studied about the dynamic traffic control 

system and based on radio propagation model for predicting path loss &link. The author 

suggests in reference Intelligence road Traffic signaling System. In that system OBUs used. 

OBUs used destination information for calculating load traffic on road for reducing the 

conjunction on road. The general belief is that it is more difficult to estimate and predict traffic 

density than traffic flow .In Intelligent Traffic Light and Density Control using IR Sensors and 

Microcontroller the author propose that the delay of Signal not depend on traffic density. The 

Author optimize the traffic using microcontroller this system reduce traffic jams problem cause 

by traffic light to extent. The system contains IR Transmitter and IR Receiver. IR count the 

vehicles on the road Microcontroller generates the result. Priority Based Traffic Lights 

Controller Using Wireless Sensor Network the author implements Adaptive Traffic control 

System based on (WSN) wireless sensor Network. In that System Time manipulation Used for 

controlling Traffic Light. This System Control Traffic over Multiple intersections. 

III EXISTING SYSTEM 

Under present scenario, traffic control is achieved by the use of a system of hand signs by 

traffic police personnel, traffic signals, and markings. A comparable and matching 

education  program  is  needed,  through  driver-licensing  authorities,  to  assure  that  those  

who  operate  motor vehicles understand the rules  of the road and the actions that they are 

required or advised to take when a particular control  device is  present.  Each traffic  

control device  is governed by standards of design and usage; for example, stop  signs  

always  have  a  red  background  and  are octagonal in shape. Design standards allow the 

motorist to quickly and consistently perceive the sign in the visual field along the road. 

Standard use of colors and shape aids in this identification and in deciding on the 

appropriate course of action.  Under current circumstances, traffic lights are set on in the 

different directions with fixed time delay, following a particular cycle while switching from 

one signal to other creating unwanted and wasteful congestion on one lane while the other 

lanes remain vacant. The system we propose identify the density of traffic on individual 

lanes  and  thereby regulate  the  timing  of the signals’ timing. IR trans receivers count the 

obstructions and  provide  an  idea  about  the  traffic  density  on  a particular lane and feed 

this response to a controller unit which  will  make  the  necessary  decisions  as  and  when 

required 



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 
Research paper     © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 12,  Iss 1, 2023 

 

1814  
  
 

 

 

IV PROBLEM STATEMENT 

 

The challenge of the ITSCP is to find an optimal traffic signal configuration schedule that 

maximizes the traffic flow in a network. In other words, the goal of solving the signal timing 

control problem is to determine optimal phase sequences and durations for each phase. To 

solve this problem, the geometric information describing the intersections in the target 

network, the traffic information including traffic demand and turning movements of vehicles, 

and the limits regarding traffic signal components are considered. This information is 

processed in accordance with the model formulation. For example, Lin and Wang [13] 

expressed traffic demand as the number of variables in each cell using a cell transmission 

model. The ITSCP can be solved by optimizing various performance criteria, such as 

minimizing the average vehicle delay or maximizing the throughput of the network. More 

details of such objective criteria The ITSCP can be solved by optimizing various performance 

criteria, such as minimizing the average vehicle delay or maximizing the throughput of the 

network. In most studies, the constraints considered in the ITSCP are related rules regarding 

traffic flow and traffic signal laws such as total cycle length, green signal length, and phase 

sequence 

 

 MOTIVATION 

 

 In present, vehicular traffic is increasing throughout the world, especially in large urban areas. 

As the number of road user's increase constantly and current resources & infrastructures being 

limited; a smart traffic control will become a very important issue in the future. These needs 

have led to an ever increasing demand for an " intelligent " traffic control system. Therefore, 

optimization of traffic control to better accommodate this increasing demand is needed. Our 

project will demonstrate the optimization of traffic lights in a city using wireless sensors. 

Traffic light optimization is a tough problem. With multiple junctions, the complexity increases 

as the state of one light node influences the flow of traffic towards many other nodes. We 

proposed a traffic light controller that allows us to control and study different situations of 

traffic density 

 

https://etrr.springeropen.com/articles/10.1186/s12544-020-00440-8#ref-CR13
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V PROPOSED SYSTEM 

 

a) In this paper, a system in which density of traffic is measured by comparing 

captured image with real time traffic information against the image of the empty 

road as reference image is proposed. Here, in figure 1, the block diagram for 

proposed traffic control technique is illustrated. 

b) Each lane will have a minimum amount of green signal duration allocated. 

According to the percentage of matching allocated traffic light duration can be 

controlled. The matching is achieved by comparing the number of white points 

between two images. The entire image processing before edge detection i.e. image 

acquisition, image resizing, RGB to gray conversion and noise reduction is 

explained in section II. At section III, canny edge detection operation and white 

point count are depicted. Canny edge detector operator is selected because of its 

greater overall performance. 

 

        Advantages:- 

 

⮚ it is advantageous to convert RGB images into grayscale for further processing. 

When converting an RGB image to grayscale, it is pertinent to consider the RGB 

values for each pixel and make as output a single value reflecting the brightness of 

that pixel. One of the approaches isto take the average of the contribution from each 

channel:(R+B+C)/3. 

⮚ Easy to Access.  

⮚  Time-Saving.  

⮚  Fast Service. 
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VI IMPLEMENTATION 

 

Upload Image  

In this module current traffic image will be uploaded to application and then 

convert colour image into Gray Scale image format to have pixels values as 

black and white colour. 

 Pre-process In this module Gaussian Filter will be applied on uploaded image 

to convert image into smooth format. After applying filter Canny Edge 

Detection will be applied on image to get edges from the image. Each vehicle 

will have white colour pixels and non-vehicle will have black colour pixels. 

White Pixel Count  

Using this module we will count white pixels from canny image to get 

complete traffic count 

VII RESULTS 
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VIII. CONCLUSION 

In this paper, a smart traffic control system availing image processing as an instrument for 

measuring the density has been proposed. Besides explaining the limitations of current near 

obsolete traffic control system, the advantages of proposed traffic control system have been 

demonstrated. For this purpose, four sample images of different traffic scenario have been 

attained. Upon completion of edge detection, the similarity between sample images with the 

reference image has been calculated. Using this similarity, time allocation has been carried 

out for each individual image in accordance with the time allocation algorithm. In addition, 

similarity in percentage and time allocation has been illustrated for each of the four sample 

images using Python programming language. Besides presenting the schematics for the 

proposed smart traffic control system, all the necessary results have been verified by 

hardware implementation. 

 

REFERENCES 

⮚  "'Smart' traffic signals cut air pollution in Pittsburgh". McCain, Inc. September 25, 2012. 

Archived from the original on October 10, 2013. Retrieved September 28, 2012. 

⮚ ^ "Smart and Scalable Urban Signal Networks". Retrieved 7 November 2017. 

⮚ ^ Michael Graham Richard (March 18, 2010). "Networked Traffic Lights Could Save Time, 

Fuel, and Lives". Narrative Content Group. Retrieved October 21, 2011. 

⮚ ^ Max Glaskin (February 12, 2008). "Could smart traffic lights stop motorists fuming?". 

Retrieved October 21, 2011. 

⮚ ^ "The first smart traffic signal experiment in the world is a great success" (PDF). 30 July 

2019. 

⮚ ^ Astarita, Vittorio (2019-11-28). "INTER TRAFFIC WORLD 2020". journal-

download.co.uk. Retrieved 2019-11-28. 

⮚ ^ Astarita, Vittorio; Giofré, Vincenzo Pasquale; Festa, Demetrio Carmine; Guido, Giuseppe; 

Vitale, Alessandro (January 7, 2020). "Floating Car Data Adaptive Traffic Signals: A 

Description of the First Real-Time Experiment with "Connected" 

Vehicles". Electronics. 9 (1): 114. doi:10.3390/electronics9010114. 

⮚ ^ Millward, David (May 19, 2011). "Smart traffic lights to stop speeders". The Telegraph. 

⮚ ^ "Self organizing smart traffic lights offer significant reductions in waiting times and fuel 

consumption". August 20, 2008. Retrieved October 21, 2011. 

https://web.archive.org/web/20131010211917/http:/www.mccain-inc.com/news/industry-news/its-solutions/769-smart-traffic-signals-cut-air-pollution-in-pittsburgh.html
http://www.mccain-inc.com/news/industry-news/its-solutions/769-smart-traffic-signals-cut-air-pollution-in-pittsburgh.html
https://en.wikipedia.org/wiki/Smart_traffic_light#cite_ref-SchIC_2-0
http://www.wiomax.com/team/xie/schic/
https://en.wikipedia.org/wiki/Smart_traffic_light#cite_ref-trafficmanagement_3-0
https://www.treehugger.com/cars/networked-traffic-lights-could-save-time-fuel-and-lives.html
https://www.treehugger.com/cars/networked-traffic-lights-could-save-time-fuel-and-lives.html
https://www.treehugger.com/cars/networked-traffic-lights-could-save-time-fuel-and-lives.html
https://en.wikipedia.org/wiki/Smart_traffic_light#cite_ref-co2emissions_4-0
https://www.newscientist.com/article/dn13306-could-smart-traffic-lights-stop-motorists-fuming/
https://en.wikipedia.org/wiki/Smart_traffic_light#cite_ref-5
http://trasporti.unical.it/dokuwiki/lib/exe/fetch.php?media=start:the_first_smart_traffic_signal_experiment_is_a_great_success.pdf
https://en.wikipedia.org/wiki/Smart_traffic_light#cite_ref-6
http://journal-download.co.uk/digitalmagazines/ITW/ITW01NOV2019/page_71.html
https://en.wikipedia.org/wiki/Smart_traffic_light#cite_ref-7
https://doi.org/10.3390%2Felectronics9010114
https://doi.org/10.3390%2Felectronics9010114
https://doi.org/10.3390%2Felectronics9010114
https://doi.org/10.3390%2Felectronics9010114
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.3390%2Felectronics9010114
https://en.wikipedia.org/wiki/Smart_traffic_light#cite_ref-swindon_8-0
https://www.telegraph.co.uk/motoring/news/8521769/Smart-traffic-lights-to-stop-speeders.html
https://en.wikipedia.org/wiki/The_Daily_Telegraph
https://en.wikipedia.org/wiki/Smart_traffic_light#cite_ref-humaninterference_9-0
https://smarteconomy.typepad.com/smart_economy/2008/08/self-organizing.html
https://smarteconomy.typepad.com/smart_economy/2008/08/self-organizing.html
https://smarteconomy.typepad.com/smart_economy/2008/08/self-organizing.html


IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 
Research paper     © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 12,  Iss 1, 2023 

 

1819  
  
 

⮚ Engelmann, Frederick C. (1996) A History of the Austrian Migration to Canada, Carleton 

University Press, ISBN 978-0-88629-283-6, p. 184 

⮚ ^ McLean, James W. (1966) "The Phony Ogre of Automation", Montreal Gazette, February 

26, 1966, retrieved 2010-10-31 

⮚ ^ "Josef Kates Found Ways to Unsnarl Traffic and Solve Business Problems With 

Computers". James R. Hagerty, Wall Street Journal, July 27, 2018 

⮚ ^ Jump up to:
a
 
b
 
c
 
d
 
e
 
f
 
g
 "Traffic Signal Design Terminology". www.traffic-signal-

design.com. Retrieved 2022-10-02. 

⮚ ^ Department for Transport, General Principles of Traffic Control by Light Signals TAL 

1/06 https://www.gov.uk/government/publications/traffic-advisory-leaflets-1989-to-2009 

⮚ ^ Sanderson Associates, http://www.traffic-signal-design.com/terminology_main.htm 

⮚ ^ Basics Archived 2008-12-16 at the Wayback Machine, Traffic Signal Training, NIATT / 

University of Idaho 

⮚ ^ DfT Traffic Advisory Leaflet 1/06, Part 4 - https://tsrgd.co.uk/pdf/tal/2006/tal-1-06_4.pdf 

⮚ ^ "Traffic Signal Timing Manual: Chapter 5 - Office of Operations". ops.fhwa.dot.gov. 

Retrieved 2022-04-17. 

⮚ ^ Jump up to:
a
 
b
 
c
 Traffic Signals 101, Minnesota Department of Transportation, 2006 

⮚ ^ Jump up to:
a
 
b
 Choreographing the Dance of Traffic Lights, New York Times, September 

17, 1998 

⮚ ^ Jump up to:
a
 
b
 
c
 Traffic Signal Standards Archived 2008-06-26 at the Wayback Machine, 

National Transportation Operations Coalition 

⮚ ^ "Senate Bill 84 XX Battery Backup Program for Light Emitting Diode (LED) Traffic 

Signals" (PDF). California Energy Commission. May 2004. Retrieved 20 January 2014. 

⮚ ^ Learning Traffic Light Control Policies URL accessed 2009-03-06 

⮚ ^ Jump up to:
a
 
b
 Robinson, Larry. "Traffic Signal Progression". Retrieved 22 May 2014. 

⮚ ^ Robinson, Larry. "Lead-Lag with Flashing Yellow Arrow". Retrieved 22 May 2014. 

⮚ ^ SCOOT system 

⮚ ^ Jump up to:
a
 
b
 Department for Transport, Energy and Infrastructure (2002-08-

23). "Adelaide Coordinated Traffic Signal (ACTS) System". Transport Network - Traffic 

Operations. Government of South Australia. Archived from the original on 2009-05-26. 

Retrieved 2010-12-11. 

https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-0-88629-283-6
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-McLean_2-0
https://news.google.com/newspapers?id=spouAAAAIBAJ&sjid=np8FAAAAIBAJ&pg=6276,6337784&dq=josef-kates&hl=en
https://en.wikipedia.org/wiki/Montreal_Gazette
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-hagerty_3-0
https://www.wsj.com/articles/josef-kates-found-ways-to-unsnarl-traffic-and-solve-business-problems-with-computers-1532704541
https://www.wsj.com/articles/josef-kates-found-ways-to-unsnarl-traffic-and-solve-business-problems-with-computers-1532704541
https://www.wsj.com/articles/josef-kates-found-ways-to-unsnarl-traffic-and-solve-business-problems-with-computers-1532704541
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-:0_4-0
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-:0_4-0
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-:0_4-0
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-:0_4-1
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-:0_4-2
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-:0_4-3
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-:0_4-4
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-:0_4-5
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-:0_4-6
https://www.traffic-signal-design.com/traffic-signal-design-terminology.htm
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-5
https://www.gov.uk/government/publications/traffic-advisory-leaflets-1989-to-2009
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-6
http://www.traffic-signal-design.com/terminology_main.htm
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-idaho_7-0
http://www.webs1.uidaho.edu/niattproject/backgroundbasic1.htm
https://web.archive.org/web/20081216182207/http:/www.webs1.uidaho.edu/niattproject/backgroundbasic1.htm
https://en.wikipedia.org/wiki/Wayback_Machine
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-8
https://tsrgd.co.uk/pdf/tal/2006/tal-1-06_4.pdf
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-9
https://ops.fhwa.dot.gov/publications/fhwahop08024/chapter5.htm#5.2
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-ts101_10-0
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-ts101_10-0
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-ts101_10-0
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-ts101_10-1
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-ts101_10-2
http://www.dot.state.mn.us/trafficeng/publ/signals101/index.html
https://en.wikipedia.org/wiki/Minnesota_Department_of_Transportation
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-query.nytimes.com_11-0
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-query.nytimes.com_11-0
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-query.nytimes.com_11-0
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-query.nytimes.com_11-1
https://query.nytimes.com/gst/fullpage.html?res=9B06E4D81F31F934A2575AC0A96E958260&scp=6&sq=traffic%20signal%20computer%20science%20times&st=cse
https://query.nytimes.com/gst/fullpage.html?res=9B06E4D81F31F934A2575AC0A96E958260&scp=6&sq=traffic%20signal%20computer%20science%20times&st=cse
https://query.nytimes.com/gst/fullpage.html?res=9B06E4D81F31F934A2575AC0A96E958260&scp=6&sq=traffic%20signal%20computer%20science%20times&st=cse
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-tss_12-0
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-tss_12-0
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-tss_12-0
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-tss_12-1
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-tss_12-2
http://www.ntoctalks.com/webcast_archive/to_feb_23_05/to_feb_23_05mf.ppt
https://web.archive.org/web/20080626044854/http:/www.ntoctalks.com/webcast_archive/to_feb_23_05/to_feb_23_05mf.ppt
https://en.wikipedia.org/wiki/Wayback_Machine
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-13
http://www.energy.ca.gov/reports/2004-05-05_400-04-006.PDF
http://www.energy.ca.gov/reports/2004-05-05_400-04-006.PDF
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-14
http://www.stanford.edu/class/cs229/proj2005/RobinsonMosherEgner-LearningTrafficLightControlPolicies.pdf
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-progr_15-0
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-progr_15-0
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-progr_15-0
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-progr_15-1
http://midimagic.sgc-hosting.com/progreso.htm
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-16
http://midimagic.sgc-hosting.com/leadlag.htm
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-17
http://www.peek-traffic.co.uk/urban/View_urban_Item.asp?CatpageId=1&ItempageId=3
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-ACTS_18-0
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-ACTS_18-0
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-ACTS_18-0
https://en.wikipedia.org/wiki/Traffic_light_control_and_coordination#cite_ref-ACTS_18-1
http://webarchive.loc.gov/all/20090526032041/http:/www.transport.sa.gov.au/transport_network/traffic_ops/acts_system.asp
http://www.transport.sa.gov.au/transport_network/traffic_ops/acts_system.asp

