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EXECUTIVE SUMMARY 
 

This project entitled “A FIBER OPTIC INTERSECTION TRAFFIC CONTROL 

SYSTEM BASED ON A COMPETITIVE CUMULATIVE MOMENTUM 

MODEL” proposed a novel and cost-effective approach to smart urban intersection 

traffic management using the latest fiber optic technology. We have proposed to 

implement commercially-available hardware for sensing and control functions together 

with in-house developed software as the nerve center, simulating a policeman directing 

intersection traffic.  

The project was divided into three phases: the conceptual phase, the simulation phase, 

and the implementation phase. We have completed phase 1 and the basic portion of phase 

2. Phase 3 has been planned on campus, while actual field-testing on city streets must 

await the results of the phase 2 and campus data. We have interacted positively and 

consistently with many external stakeholders, and internally, the project has spawned two 

significant undergraduate senior capstone design projects.    

     We have gained 3-years of research experience with traffic detection and management 

systems methodologies and have a wealth of information to share. We are looking 

forward to embracing new ideas from those who want to share their thoughts. We plan to 

aggressively use this information as a baseline for further studies and improvements to 

the acumen of the proposed system. 
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INTRODUCTION 
 

Mega cities such as New York, Los Angeles, Chicago, Atlanta, Washington, DC, etc. 

manage urban traffic by clock-controlled intersection traffic management and various 

forms of public transit such as city buses, cabs, and subways. All these forms enjoy 

healthy ridership due to the immense populations. Traffic congestion is still a major 

headache for the populace. Unfortunately, mid-sized cities, such as those in North 

Carolina, are attempting to copy mega city urban traffic management strategies. It thus 

behooves us to examine these solutions and their appropriateness as applied to mid-sized 

cities. Of course, subways are out of the question in our case. It turns out all the other 

forms of public transportation are intrinsically linked to urban intersection traffic 

management. For instance, the poor bus ridership in most mid-sized cities is the result of 

excessive riding time incurred by the inability of city buses to catch up with intersection 

green lights. This is inherent since city bus rides are delayed by frequent necessary stops 

to load and unload passengers. These long bus trips deter ridership, making such ventures 

often financially insolvent, leading to increasing reliance on tax dollars. Budget issues 

further reduce the number of available routes. Hence, more and more citizens resort to 

driving private vehicles, leading to increasing congestion at intersections. An assortment 

of ill effects ensue, such as increasing fossil fuel consumption, leading to increasing air 

pollution, and increase of traffic accidents due to long waits at intersections imposed by 

fixed clock cycles.   

The intent of our traffic management systems is to provide congestion relief, reduce 

the number of accidents (and the associated injuries or death as a result), reduce 

excessive waiting at an intersection, and improve traffic flow or cycle time during off-

peak hours and peak hours. These challenges are achievable in theory but there is enough 

variation in these deliverables to consider these goals very difficult to meet with the 

existing control systems.
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DESCRIPTION OF APPROACH 
 
This report describes one form of an Intelligent Transportation Systems (ITS). ITS 

technology enhances efficiency, safety, and reliability of our transportation systems. ITS 

uses advanced electronic systems to monitor, control traffic flow, and provide critical 

traffic impact data about traffic conditions so that decisions about roadway conditions 

and route can be made. The proposed approach for implementing an ITS system is 

focused on a stand-alone zone traffic control system. The detection zone is a controlled 

area where vehicle flow at the intersection is managed in order to prevent congestion and 

reduce accidents. The management system considers expected volume with respect to the 

detection area. Each site requires a layout of the detection zone and the management 

system adjusted for an initial predetermined volume.  

The proposed traffic system incorporates a Cumulative Momentum Value (CMV). 

This CMV value is used to enhance traffic system negotiation for intersection right of 

way. This logic allows for intelligent negotiation for a given intersection resulting in 

reduction of traffic idling and congestion. The traffic volume at a given intersection is 

compared, and the higher CMV commands the green light. The street with the green light 

will naturally have its CMV lowered, since when the street is given the green the vehicles 

that were waiting begin to flow. At one end of the detection zone, the entering vehicle’s 

CMV are added, while at the other end near the traffic light, exiting vehicle’s CMV are 

subtracted. The CMV value of the cross street continues to increase since the red light 

prevent vehicles to exit and hence no subtraction. The CMV values of cross streets are 

constantly being compared (hence, called the competitive CMV system). The increasing 

and decreasing CMV numbers will cross, at that point, the green command changes hand. 

This competitive process causes the green signal to react intelligently to intersection 

traffic flow variations in real time, simulating the mindset of a policeman directing 

traffic.  
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Figure 1: Process Map of Traffic Control system 

 
The CMV methodology, coupled with an enhanced technology in detection and 

control strategy, provides a solution for the system to decipher between large vehicles 

(bus and trucks) vs. cars and motorcycles. This inspection process is based on the 

attribute data of the varying detection characteristics for the vehicles. These 

characteristics include axial count, weight, gap, speed, and length. The CMV model 

automatically favors heavier vehicles such as buses and trucks, which normally ply the 

main streets. One of the test sites has been analyzed and ridership was a major concern, 

for there is growth in this area at a significant rate. A major transit hub is located on 

Davie Street (downtown Greensboro) in close proximity to the beta site, which all routes 

pass through on the hour. There are currently 27 bus routes in this area, where most 

routes operate from 5:15 A.M. to 8:00 P.M. This fleet consists of 27 transit buses capable 

of seating 35 plus passengers. The GTA forecast ridership along Market Street to peak 

over 3,500 passengers per day. This projected value would present a significant need for 

a traffic management system to control traffic delay. The impact for such a system would 

provide a solution to this anticipated boom of transit passengers. 

This ITS provides additional research data for fiber optic load sensors for the use of 

traffic application. The proposed fiber optic load sensor systems are commercially 

available. They are capable of performing axle detection and counting, speed 

measurement, and gap measurement. These in-ground systems can be readily installed 

flush with the road surface, to protect against road hazards. The embedded fiber sensor is 

-Manage congestion 
 
-Improve cycle time 
 
-Reduce accidents 
 
-Increase reliability 
 
-Automate traffic    
  impact studies 



   5

vibration proof, has high sensitivity, high elasticity, flexibility and durability, and is non-

metallic and thus EMI proof. However, this type of technology is not used in a majority 

of the traffic applications. The finding for this application will provide insight into the 

pros and cons for its use. 

 
A.  DETECTION METHOD DEVELOPMENT 

 
The process map, in figure 2, illustrates the process flow of the detection system. The 

detection process is designed to receive a change in the input signal as a vehicle’s 

compression deforms the optical waveguide. This signal is used to calculate the velocity 

of the vehicle. The detection system output data provides input data to traffic controller 

systems.  

 Figure 2: Schematic of the detection system 

The detection system utilizes an embedded fiber optic system to classify vehicles by 

weight and speed. This data (weight and speed) is first acquired by the sensor and then 

transferred to a controller in order to manage the various intersection traffic patterns. This 

system locks in the frequency of the sensor, converts the real time signals to digital with 

amplitude and width for weight and speed, and multiplies the signals to compute 

Vehicle 
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Traffic Controller 
 

Traffic Light 
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data. 

 VHDL code, allows 
traffic light signal to 
be controlled 

Output signal for 
changing of lights 



   6

momentum. The process allows the speed calculation to be automated. The sensor system 

consists of a fiber-optic cable connected to a sensor and a circuit designed to acquire the 

required data. The sensor emits, receives, and converts the light energy into an electrical 

signal. The SPZ series fiber optic traffic sensor and fiber-optic cable consists of a plastic 

core surrounded by a layer of cladding material. A plastic fiber-optic cable consists of a 

single strand typically 0.254–1.52 mm in diameter. The material allows for flexibility 

during the installation, which will aid applications that require repeated flexing as well as 

for use in extremely confined areas.   

 
 
 
 
 
 
 
 
 
 

Figure 3: Typical Sensor System Installation 
 

The SPZ series sensor is designed for permanent road installation. The system is 

installed flushed and even to the road surface in small saw cut slots (a width of 12mm 

and a depth of 14mm). The recommended operating temperature is from -30 to + 85ºC. 

The sensors respond to vertical and not lateral pressure and delivers a static output signal. 

The signals are load dependent and can be generated when no pressure is applied for self-

test. Axle sensors can be installed next to induction loops, if necessary. The opto-

electronic interface performs not only basic functions, but also establishes load dependent 

trigger thresholds and derives digital de-bounced rigger output signals. It also performs 

auto-adjustment, sensor supervisory functions, and self-testing.  

The development of this Data Acquisition System (DAS) allows the signal to be 

processed to detect the subject vehicle and its momentum. This system allows two signals 

to be automatically transmitted to the controller without a switch. The DAS located in 

figure 4 has several components to correctly convert the electrical signal. Once the 

signals are sent out on separate channels the frequency synthesizer locks in the signals. 
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Figure 4: Data Acquisition System 

 

This component takes six microseconds to lock in the signals and performs a scan at 

20MHz. The signals are locked in and separately converted to a digital signal by an A/D 

converter. Once the signals are converted and stored to digital summer, the digital-

summer sums and calculates the momentum. The momentum result is then converted to 

an independent signal and streamed to the traffic controller. The traffic controller 

contains an output signal for commanding the signal light.   
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Table 1: Vehicle Class, Average Weight, Average Wheel Distance 
Vehicle Type Class Average Weight Average length

1 Car Subcompact 2710.33 180.30
2 Car Compact 2897.33 186.47
3 Car Midsize 3328.67 194.07

4 Car Full-size 3478.33 204.27
5 Car Near-Luxury 3317.33 186.57
6 Car Luxury 4067.67 197.67

7 Car Sporty Coupe 2504.67 171.50
8 Car Sports 3198.67 172.30
9 Sport Utility Vehicles Compact SUVs 3544.67 172.03
10 Sport Utility Vehicles Midsize 4678.33 196.37
11 Sport Utility Vehicles Full-size 5134.00 208.23
12 Sport Utility Vehicles Luxury 4909.67 186.00
13 Trucks Compact 3986.67 196.50
14 Trucks Full-size 4322.33 217.57
15 Vans Minivan 4123.67 197.00
16 Commercial Truck Mack Truck 11567.33 162.67  

 
Table 1 provides average weight and average length between vehicle’s axles. The 

data is linked to a vehicle class. The combination of axle length and vehicle weight can 

be tracked over a period of time and provides a significant amount of data points to verify 

interactions between these attributes. The data in this table provides a baseline to verify 

the CMV detection system capability at a given detection zone. 

 

 

B. DETECTION ANALYSIS  

 

Sample data was acquired and analyzed for the various vehicle categories and their 

respective weights and average data results are located in Table 1. The intent of this 

analysis was to determine linkage between vehicle weights and their respective 

categories. Forty eight data points were observed with the average weight of 4236 lbs. 

and the associated standard deviation of 2091. The heavy trucks were outliers and were 

represented in the analysis as being significant.    
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The data is non-normal, which means that this sample pool does not represent a sampling 

that represents the population distribution. The data also indicates that there maybe issues 

with midsize trucks (such as emergency vehicle) that would not be easily recognized. 

Hence, there is not a strong enough correlation between this distinct vehicle type and 

other light trucks that fit in this category. These results indicate that setup and 

conditioning is a focus area for improvement, and additional time will be needed to 

ensure the correct parameters are in place for the detection system to minimize variation 

for vehicle classification.   

Figure 5: Normality Plot of Vehicle Weight 
 
 

The data in the individual chart (figure 6) indicates that there is a significant and clear 

distinction between the heavy class vehicles (Mack truck, transit bus, etc.) and various 

vans, utility trucks and cars. The data provides evidence that the CMV value will be 

effective in distinguishing between heavy and light vehicles. This is a critical input 

characteristic for calculating and commanding the green or extending the yellow signal.   
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Figure 6: Individual Chart of Vehicle Weight 

 

The wheelbase data was also analyzed from the same sampling. A total of 48 data 

points were observed and we determined the average wheelbase to be 189 inches, with a 

standard deviation of 15.96. Based on the data there is a 95% confidence that the 

sampling of vehicles wheelbase distance is between 184.7 inches and 193.9 inches. This 

is a critical piece of information for calculating vehicle speed, V = Distance/Time. The 

wheelbase data between the various vehicle types is normally distributed. Therefore, we 

can predict, with some level of confidence, where we need to focus the measuring range. 

The results provide insight to help narrowing our measurement variations and refining the 

design parameters.  
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Figure 7: Normality Plot of Vehicle Wheelbase 

 
Variable    N     Mean   StDev  SE Mean        95% CI           T      P 
Wheelbase  48  189.344  15.961    2.304  (184.709, 193.978)  0.15  0.882 

 
 
TRAFFIC CONTROLLER METHOD DEVELOPMENT 

 

The design of the controller allows the input data to be captured, evaluated, and 

processed to enable the signal conditions to manage traffic flow. The primary function of 

the controller is to manage a given intersection by controlling the data processing, 

condition, and timing of the lights. The outputs from the detection system are the inputs 

to the controller. These inputs include the vehicle’s weight, speed, and count. These 

attributes allow the process to link relationship/interactions to determine vehicle 

classification (bus, truck, cars). Hence, the approach is focused on three distinct stages of 

the traffic management system process. These stages are the signal condition, signal 

switching, and signal timing stages. 
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Figure 8: Process Map of controller 

   
The condition stage is the current state of the traffic lights vs. the respective vehicle 

conditions or traffic pattern. The condition stage specifically identifies what lanes and 

what direction has the green, yellow, and red commands. The switching stage is where 

the controller plans the next phase of the cycle by, safely switching the signal conditions. 

For example, the switch commands all lanes approaching the intersection to come to a 

stop (red). The switching stage focuses on what lanes will command the green, yellow, 

and red respectively. The timing stage identifies the appropriate dwell time and transition 

time at each process condition. For example, the transition time from yellow to red, and 

the dwell time for all intersection commanding the red. 

A test board was constructed to demonstrate feasibility in a lab environment (see 

figure 9 for details). The test board was assembled using a wood panel, push-button 

switches to simulated detectors, LED light source, and 20 AWG wires to hardwire 

components to the controller. 

 

 

 

 

 

 

 

Figure 9: Test Board 

  During the development of the software coding process, we encountered 

communication issues between the VHDL and Xilinx programs. We were able to 

successfully test a number of modules within the algorithm. One success was the clock-
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decrease test, which allowed us to verify that the clock frequency would function 

correctly within the desired frequency range (1 Hz to 50 MHz). The controller needs a 

clock as a standard time, for this controller 10 Hz is a good clock frequency. The D2SB 

System Board has two standard clocks. The first is 1 Hz and is too slow for our 

controller, while the other is 50 MHz and is too fast. We cannot transfer the 1 Hz clock to 

10 Hz clock; therefore, we have to transfer 50 MHz to 10 Hz. The “clkin” is the clock 

input of the controller, and it should be connected to the 50 MHz clock of the board. The 

program transfers the “clkin” (50 MHz clock) into 10 Hz, which is “clk.”  This 

bandwidth is necessary to ensure all components communicate effectively and error free 

as a result of a possible program timeout or data loss during transmission.  

Another success was the adder test; the adder being responsible for counting the 

number of vehicles that have enabled the detector when approaching the intersection. 

When vehicles enter the detection zone and compress the sensor, the sensor sends an 

optical signal to the interface. The interface immediately converts the light signal into an 

electrical signal. This electrical signal is the input signal “A_car_in.” It tells the controller 

that there is a car entering the A road and A = A+1 (the number of A road adds 1). 

During this segment of the testing, there were no observed errors with respect to the 

number of vehicle input and vehicle output. 

  The development of a CMV controller was completed in stages, where the initial 

stage is to conceptualize a design to manage input/output responses for the simplest case 

(one way intersection with cross street). This case has been successfully implemented. 

The second stage includes additions of turning lanes, one at a time, and then the 

expansions of the number of lanes. Once the construction, testing, and analysis have been 

completed and we are observing accurate and repeatable results, we will then move to a 

4-way intersection consisting of a test bed and a designed experiment to repeat the 

process. Throughout this process, enhancements will be made to reduce variation of the 

traffic management process. 

 
CONTROLLER ANALYSIS 

 

The CMV model is based on a measure for detecting and classifying vehicle types, 

speed, and weight over a detection area or zone. Figure 10 is a layout of a 3-lane one-way 
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intersection. Traffic only flows in two directions, southbound and westbound. There is no 

left turn signal or complex signal phase/timing considered. The detector at the far end 

simply applies the CMV for the vehicles entering the intersection. At precisely the same 

time the cross street is monitoring vehicle flow and the through street is monitoring 

vehicle delay. This is a simple approach to establishing baseline measurements for the 

CMV model.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10:  One-Way Intersection 
+ 

Table 2: Traffic Signal Condition and Timing Sequence 
South Bound West Bound Condition 

(sec.) G Y R G Y R 
T1 (65) 1 0 0 0 0 1 
T2 (10) 0 1 0 0 0 1 
T3 (5) 0 0 1 0 0 1 
T4 (65) 0 0 1 1 0 0 
T5 (10) 0 0 1 0 1 0 
T6 (5) 0 0 1 0 0 1 
T7 (65) 1 0 0 0 0 1 
T8 (10) 0 1 0 0 0 1 
T9 (5) 0 0 1 0 0 1 

One Way South

One Way West

Count West
Release_West

Count West

Release_South
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The illustration in Table 2 provides fixed signal conditions (T1, T2, T3…T9) and 

variable time settings. The signal conditions include all the possible combinations for 

safe traffic flow (data excludes flash mode). The time sequences are variable because 

these values can be adjusted to meet or extend the demand for the green. The highest 

CMV assigned to the subject intersection, based on the current traffic flow, determines 

this demand. Conditions T1 through T6 complete one cycle and the management control 

is also dependent on CMV demand for green sequence and timing. This process is 

intended to extending the yellow for speeding vehicles, extending the green for heavy 

vehicles, and extending the green to resolve uneven traffic patterns. A traffic control test 

system, composed of hardware and software, was developed to simulate this approach.  

The initial DOE was staged to evaluate a two way traffic intersection: Approaching 

vehicles at an intersection of a main street are designated as A-roadway and the adjacent 

cross street is B-roadway, respectfully. The intent is to consider high volume traffic on 

the main street and low volume traffic on the cross street. Secondly, we consider high 

volume traffic for both the main street and the cross street. The first stage has the signal 

light as green for the main street and has an initial duration of 50 seconds. This condition 

is identified as T_max_A. Once initiated, the signal light changes to yellow, then to red. 

The signal light for the cross street is green until the delta between the main street and the 

cross street is evaluated. This condition considers momentum, minimum time, and 

maximum time (MA_B and T_min_B and T_max_B), respectfully. For example, if the 

cross street detects no vehicles for x-time when the green signal is enabled, then the 

signal changes to yellow then red. If the cross street detects vehicles at max time and 

given the green, then extending the green is considered depending on the volume (CMV 

value) between both streets approaching the intersection. 
 
Assumptions: 

• A light is green for T_max_A (e.g. 50 seconds), then changes to yellow and red 
• B light is green until difference or delta between A road and B road is evaluated [MA_B 

(e.g. 20)] 
• Evaluated for min. time, the time is larger than T_min_B (e.g. 10 seconds)  
• Evaluated for max time, time is not larger than T_max_B (e.g. 30 seconds)  
• Signal is transitioned based on disposition, then changes to yellow and red 
• If B road has no car, the B light becomes yellow and red immediately 
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The process assumes when time equals zero seconds, the controller is enabled and 

both the lights of A-road and B-road are red. After a 5-second delay (at 5 µs) the signal 

light of A-road is transitioned from red to green, and the vehicles on the A-road begin to 

move. Then, the signal light of A-road is green for 50-seconds (T_max _A), (at 55 µs) the 

light of A-road becomes yellow, and the vehicles on the A-road continue leaving. After 

the light of A-road is yellow for 3-seconds (at 58 µs), the light of A-road becomes red 

and the cars on the A-road stop leaving. Once both the lights of A-road and B-road are 

red for 2 seconds (at 60 µs), the light of B-road becomes green and the cars on the  

B-road begin leaving. After the light of B-road is green for 24.6 seconds (at 85 µs), the 

difference of the number of A-road and B-road is greater than 20 (MA_B), the light of  

B-road becomes yellow, and the cars on the B-road continue leaving. After the light of B-

road is yellow for 3 seconds (at 88 µs), the light of B-road becomes red and the cars on 

the B-road stop leaving. After both the lights of A-road and B-road are red for 2 seconds 

(at 90 µs), the light of B-road becomes green and the cars on the A-road begin leaving. 

After the light of A-road is green for 37.9 seconds (at 128 µs), the difference of the 

number of A-road and B-road is greater than 20 (MA_B), the light of A-road becomes 

yellow and the cars on the A-road continue leaving. After the light of A-road is yellow 

for 3 seconds (at 131 µs), the light of A-road becomes red and the cars on the A-road stop 

leaving. After both the lights of A-road and B-road are red for 2 seconds (at 133 µs), the 

light of B-road becomes green, and the cars on the B-road begin leaving. When the 

number of the cars on the B-road is zero, the lights shift again. 

In short, the vehicle weight is detected by the embedded optical detectors. The optical 

signal is converted to an electrical signal through the Opto-electric interface. The 

controller interprets the signal and, within the scope of the algorithm, provides an output 

signal for the respected road (green, yellow, or red). This process was tuned to meet the 

various objectives of the traffic patterns for the main road and the cross street. The output 

of this simulation is seen in Figure 11 (below) and provides a pictorial of the acquisition 

process for the intersection. 
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Figure 11:  Test Simulation 
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Table 3 provides comparison data between the existing fixed control system and the 

proposed intelligent CMV system. The resulting data demonstrates the improvement of 

the vehicle waiting time. The calculated cycle time compares known traffic volume 

patterns for a given intersection. The savings generated in the table below were calculated 

in terms of car waiting time, which is equal to the time of the red light multiplied by the 

number of cars stopped due to the red signal and waiting on the green. 

 
Table 3: The Total Car-Waiting-Time (seconds) 

 1. A-road 
heavy 
traffic,  
B- road 
light 
traffic: 

2. A-road 
heavy 
traffic,  
B- road 
heavy 
traffic: 

3. A-road 
middle 
heavy 
traffic,  
B- road 
middle 
heavy 
traffic 

4. A-road 
normal 
traffic,  
B- road 
normal 
traffic 

5. A-road 
light 
traffic,  
B- road 
light 
traffic 

A-road 720 3356 213 183 181 
B-road 1570 6712 2277 1428 656 

Without 
using 
intelligent 
traffic 
controller 

Total 2290 10068 2490 1611 837 

A-road 935 3861 828 108 13 
B-road 1210 5798 1437 395 87 

Using 
intelligent 
traffic 
controller 

Total 2145 9659 2265 503 100 

Save (seconds) 145 409 225 658 737 
Percent 
Improvement 

6.8% 4.2% 9.9% 130.8% 737% 
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CONCLUSIONS 
 

This report summarizes our approach for developing a system to manage intersection 

traffic flow. The Cumulative Momentum Concept for intersection management is a 

focused approach to facilitate the implementation of a stand-alone zone traffic-control 

system. We have defined the process and operations of the control system, identified the 

critical component for building such a device, and provide analysis to support this 

product.   

One of our focus areas was to allow priority to transit buses and other heavy class 

vehicles. The analysis provides key links between vehicle weight and vehicle category. 

We learned that there is a significant and clear distinction between the heavy class 

vehicles (Mack truck, transit bus, etc.) and various vans, utility trucks, and cars. We also 

learned that this distinction is not very clear when comparing midsize trucks, such as 

emergency vehicles and light pickup trucks. The wheelbase data proved to be more 

consistent, which will allow us to fine tune parameters to focus on a specific range. This 

process will help to produce repeatable calculations for measuring vehicle speed. This 

data will contribute to further enhance the negotiation for intersection right-of-way. The 

simulation shows a significant improvement with cycle time or the amount of time a 

vehicle is waiting at the red light, which will contribute to efforts required to reduce 

traffic congestion.   

This project was successful in identifying and verifying the concept and the approach. 

A prototype of the CMV ITS system has been built and tested successfully for simple 

intersection traffic control. Further research in hardware and software development is 

needed to complete a full scale simulation and ultimate field implementation. It must be 

further noted that such a system has homeland security implications. State legislators are 

considering banning wireless transmitters used by private vehicle drivers to control traffic 

lights, but are currently only available to drivers of emergency vehicles. By coding traffic 

control to vehicle weight and axle data, such wireless interference from light-weight, 

private vehicles may be rendered non-operational.  
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APPENDIX 
 
 

 
 

 
Figure 12: Optical Transmittance Analyzer 

• Responds to the changes of its optical transmittance and provides output signals 
that can be retrieved by the traffic controller   

• This component is a dynamic (AC-coupled) interface device in plastic module 
housing   

• Can also be used for simple static (DC) measurements  

• Internal Schmitt-Trigger with light-level-controlled threshold enables sensor-
independent trigger sensitivity  

• Internal failure detection to indicate out-of-range conditions (e.g. torn fiber) by 
a particular output signal  

• Opto-coupler outputs for trigger and failure signals  

• Short-circuit-protected analog signal outputs  

• Reverse power protection. No adjustment necessary. Powerful IRED transmitter 
(Laser Class 3A when fiber disconnected)  

• Suitable for feeder lengths up to 250m  

• Web: http://www.sensorline.de/new/prd1.htm#spz 
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Figure 13: Smart Traffic Light Controller D2SB FPGA Board 

• Based development board to keep the VHDL codes and give out traffic light 
signals to control traffic light according to traffic situation on the roads 

• It features a 200K-gate Xilinx Spartan 2E XC2S200E FPGA in a PQ208 package 
that provides 143 users, I/Os. Xilinx Integrated Software Environment (ISE) starts 
in the Project Navigator  

• From the Project Navigator you can organize and track your projects, work with 
editors, and simulators to define your project to meet your particular 
specifications  

• A series of implementation tools are available to compile and redefine aspects of 
your design  

• When your design meets specifications, you can download the final design to 
your device  

• Web: http://www.xilinx.com/xlnx/xil_prodcat_landingpage.jsp?title=ISE+WebPack 
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Figure 14: Square Wave Generators  

• Generate input the electrical signals of road conditions   

• When the LEDs flash one time, it means that there is one car 
leaving or entering the intersection 

 
 
 
 
 

  
Figure 15: LEDs Simulate the Traffic Lights 

• The input Square Wave Generators, LED 
traffic lights, and D2SB board are used 
simulate intersection control 
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Figure 16: Simulations on the Electrical Model 

• The VHDL codes were written into the D2SB board using Xilinx ISE. A “Square 
Wave Generator” was used to generate the electrical signals that simulate the 
electrical response generated by cars, sensors, and interfaces   

• LEDs were used to simulate the traffic lights on the roads  

• The Square Wave Generators, LEDs traffic lights, and D2SB boards were built on 
a plate to simulate a one-way traffic section. 

• The Electrical Model successfully worked and provided similar data when 
compared to simulations from the ModelSim program 

 
 

 
 
 

 


