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[bookmark: _Toc133501138]Introduction
[image: ][image: ]The task for exploration in this report relates to the problem of managing a four-way intersection with pedestrian crossing, as displayed in figure 1, it is demonstrated that this case will be using a right-hand drive where the opposing lights activate simultaneously. In the example of figure 2 the north and south lights activate together and the east and west lights activate together, but not at the same time as the prior mentioned north-south system, while the pedestrian system operates separately to both the north-south and east-west with all pedestrian timers activating simultaneously. The situation also specifies that there are further requirements, these notably being that a countdown is required for the crossing by the pedestrians additionally, regarding the vehicle system, a ultrasonic sensor is required to both count traffic and to register if a vehicle is stationary at a certain point, in order to prioritise occupied lanes over empty ones in terms of signalling priority. Finally, the system should incorporate a system that only triggers when a pedestrian is awaiting the crossing, ideally with a PIR but other triggers are permitted.Above, Figure 2
Above, Figure 1

This structure emulates several real examples of a crossroad and as such, can utilise similar systems that are implemented in real environments, while few systems are entirely reliant upon a microcontroller for their direction, a large portion rely upon direct triggering that could be emulated by the microcontroller in place of builder a wider network with a master control box.
[bookmark: _Toc133501139]Research and Analysis
There are several characteristic components of a public works infrastructure such as a crossroads or similar infrastructure like bridge crossings or railroad crossings. The two elements most necessary to note regard the legislation and standards. These are defined by separate documentation but are primarily governed by the governmental standards, notably The Zebra, Pelican and Puffin Pedestrian Crossings Regulations and General Directions 1997 and the Local Transport Note 2/95 The Design of Pedestrian Crossings documents[1]
[bookmark: _Toc133501140]Legislation
The main items in need of specification are the pause periods for crossing and allowing cars to pass when at maximum throughput. According to the regulations for pedestrians, the crossing should be timed to abide by a 6-7 second minimum depending on the width of the roadway. Assuming that the road would have a width of nothing greater than 15m[2], as is required of town roads[in], 6 seconds are required, however, due to the cut-off point being at 12.5m, it is reasonable to extend this timeframe to 7 seconds. The period for the cars should be roughly 20-60 seconds on green[in] and 3 seconds on constant amber with 6 to 18 of flashing amber[3] if in relation to a pedestrian crossing and not the car crossroads, as it would create a risk of poor interpretation and may be particularly risky if there is low traffic with little need to stop. As such the pedestrian crossing should be phased to interrupt a traffic signal at the start of a procedural loop or halfway through it, though implementation halfway through would require a greater level of complexity. Additionally, it is also a legal requirement to include a signal indicating that the wait for a pedestrian cross is active and that some indication of this is available to a blind pedestrian, such as a motor or a buzzer sound – any system implemented that excludes these regulations cannot be legally considered a (Pelican) crossing system[2] and neglecting to include these features should be fundamental to the furthering of the design process. 
[bookmark: _Toc133501141]Case Studies and Similar Models
Similar examples such as the theoretical model of radar traffic systems proposed and researched by the University of Ljubljana and Jozef Stefan Institute, demonstrate that a successful system can be employed without pedestrian input utilising FMCW[4], however, also concluding that a single sensor on its own could not function effectively as a complete replacement for the manual pedestrian system. This conclusion casts a doubt on using a PIR system exclusively as a trigger[5] for the pedestrians and instead would suggest that another system should be implemented either in place or in tandem with it to avoid producing erroneous or otherwise undesirable results.
The Federal Highways Administration provides a detailed example of how a right-hand lane should operate, particularly one with two phases[in], like that which is present in my design brief. It illustrates the way each light should integrate with each other and specifies some ideals that should be present and, most interestingly, it specifies certain periods that should be granted for interpretation of signals from the identification systems, something that is also specified by UK law, as being 4 seconds of travel at the speed of approach limit (and a case for 20% excess of that given maximum limit)[in]. Which is something that should be accounted for in the event that a physical model is produced to demonstrate this design, with a wait period. This model does include several functions that would be helpful to include within a system, notably allowances for peak traffic and a form of dynamic shaping following an estimated peak traffic level. However, due to the system being based somewhere without publicly accessible traffic numbers, it would be impossible without arbitrarily assigning traffic level adaptations. 
It does also appear that microcontrollers have been considered and tested as units to control traffic with, as is demonstrated by the American International University, observing that they have an adequate computational assurance and capability to function reliably[6], while a similar approach was taken by Rasha Kadhem, essentially confirming that a Microcontroller, while not commonly implemented in the environment of study, could perform as a suitable substitute for aging systems[7]
[bookmark: _Toc133501142]Observations
The general observations demonstrate the benefits of operating multiple methods of checking the interaction of the pedestrian and vehicular traffic and further illustrate some derived requirements that are necessary in producing a functional system. Utilising an arbitrary road in Gibraltar, we can understand the further requirements as follows; Firstly, to integrate a system with access for the visually impaired, such as a motor or buzzer at a crossing. Secondly, to create a verification signal back to the pedestrian that the crossing wait is active and finally, to rely on a minimum of two inputs to verify checks without direct manual input. This final point could be best realised by having two input sensors or a direct and indirect trigger for the pedestrian crossing.
[bookmark: _Toc133501143]Design
[bookmark: _Toc133501144]Logical Concept
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Description automatically generated]As mentioned previously, there are several additional requirements that would need to be implemented, these additional components should be integrated in their respective systems. However, before considering the implementation of individual components, it is required to investigate the process by which the grand system should operate. As seen in figure 3 there are 5 bespoke subsystems, these subsystems each control fundamental, yet separate, functions in the operation of a succinct traffic system. Above, Figure 4
Above, Figure 3

As in figure 4, it is possible to illustrate the relationship between separate lights with a flow chart, demonstrating that the east and west are both linked operationally, while the same is also true for the north and south lights. It also demonstrates that the east or west sensor can provide input that trigger the process for the east and west display (or car counting system) and light system (which is further defined in the Light Timing subsystem in figure 5.
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Above, Figure 5
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Description automatically generated]Figure 5 also demonstrates the timings that will be applied to the vehicle system, showing that the lights well follow the required colour sequence and will additionally pause for the required time under law on each phase when required. Figure 6 demonstrates the next step in the system, that being the pedestrian registration system – in broader terms. It illustrates that the input feeds any of the pedestrian countdowns, as they are each interdependent, which then triggers all the signals in tandem with each other.Above, figure 6
Above, figure 7


Figure 7 demonstrates the logical interactions that go into the function of the pedestrian system, a relatively simple input merging logic gate that essentially just checks for on input along any of the pedestrian crossings before initiating a pedestrian triggered interrupt for the vehicle traffic system. The logic for the vehicle traffic system requires a\ few more mutual inputs, as there are essentially separate systems for the E/W system and the N/S system.[image: ]
Above, figure 8
Figure 8 Demonstrates this increased complexity, as we see that there are separate states for 3 variants, those being a “Standard”, “E/W” and “N/S”, with standard meaning that, in the case of no signal or two signals, the system should have a default position that either is pre-set or follows a set protocol of certain time periods that follow the legal requirements as defined previously. 
[bookmark: _Toc133501145]Potential Difficulties
Difficulties in implementing this logic will likely come following it into the actual circuit implementation, as it is highly likely there will be a logical when converting to actual implementation, combined with the occasional issue with proteus simulating when it comes to more complex logical operations – such issues may case visual errors with sound fundamental logic and need to be considered with such a logic-based system.
[bookmark: _Toc133501146]Pseudocode
The pseudocode should be a relatively simple, as it would boil down to something similar to the following:
Light_Set_Red(all)
If(input(NS) == true) then
	Cycle_light_colours
Endif
Else If(input(WE) == true) then
	Cycle_light_colours
Endif
ElseIf(input(PED) == true) then
	Count_Pedestrian_Cross
EndIf Else
Default State

Where Cycle_light_colours 
Amber(3)
Green(45)
Amber, Red(3)
Red
Where Count_Pedestrian_Cross
Display(10)
For (10s to 1s in time/10)
	Display(-1)
EndFor
This functions a fundamental and simple overview of the whole code process, although not detailing specific light settings or logic regarding the interpretation of inputs, it does highlight the overarching main and fundamental components to the main system – notably a counting system that excludes sections of the lights and that outlines the timing periods for each set of colours on the light. 
[bookmark: _Toc133501147]Production and Costing
[bookmark: _Toc133501148]Production Methods
If this system were to be produced, it would likely be on a bespoke and individual manufacture basis, as is common with small scale and nonstandard infrastructure constructions. It is likely that this system would, as it was designed to, function best in Gibraltar, such as on the junction between Cathedral Square and Secretary Lane, an area that would greatly benefit from traffic control beyond the current signage system. 
[bookmark: _Toc133501149]Costings
In terms of actual implementation, several costs would need to be accounted for, excluding the cost of land as it is assumed that this is undertaken by a local government, which, in the case of Cathedral Square and Secretary Lane, is already public property. These can be broken down into several sections. That being component cost, labour cost and resurfacing cost – with extra notice for unforeseen expense. In terms of components, the list is as follows.
-4 Grove Ultrasonic sensors (€3.57PU/€14.28)[8]
-12 Maclean MCE201 Passive infrared (PIR) Sensors (€6.97PU/€83.97)[9]
-8 Pedestrian crossing boxes (Including motor for interfacing with blind users) (€50.85PU/€406.80)[10]
-8 Pedestrian crossing buttons (Optional) (€45.20PU/€362.60)
-4 3 segment traffic light heads (€245.79PU/€983.16)[11]
Smaller level equipment would include:
Approximately a minimum of 55m of wire, 45m of which should be fit for under-road installation, plus whatever is required to connect to the nearest public electrical infrastructural asset, this figure is based on a minimum of possible under road connections, this would likely increase and is additionally based off the width of both Cathedral Square and Secretary Lane. IN this instance using Naylor ducting and PVC insulated wiring (€92.66Per 50m Ducting [12]and €12.48 Per 50m Wiring) [13]
-11 OR gates or equivalent, with one functioning in a way that enables merging of 8 inputs to a joint OR output (€0.94PU/€10.34)[14]
-8 AND gates or equivalent (€0.82PU/€6.52)[15]
-8 Mounting Poles (€277.87PU/€2,222.96)[16]
-1 PIC18F87K90 (€5.88)[17]
Total Component Cost would come to approximately €4201.65.
Labour and resurfacing can be approached in two separate ways, either to consider individual appointment of crew with rented machinery and tools or to outsource to a local firm and permit them management of both after conducting a review of the local area. This section tends to be the most expensive in terms of and would be expected to cost around €81000[18] at a minimum, with estimates from various national bodies suggesting anywhere between €81000 (When inflation is accounted for[19]) and €200,000[20] seeming like common estimates[in]. It should, however, be noted that the latter number includes design fees whereas the prior makes no mention of design costing.
As such, it would be reasonable to expect the installation of this system to range from around €93,720 and €224,620, likely being somewhere in between these two figures.
[bookmark: _Toc133501150]Testing and Simulation
[bookmark: _Toc133501151]Software Specification
The software used in the production of the simulation is Proteus v8.15 and is preprogramed manually, using library resources from CCS for PIC v5.103 but coded in Notepad++ v8.5.2.
[bookmark: _Toc133501152]Simulation
The simulation is configured as displayed in figure 9, figure 10 and figure 11[image: Diagram

Description automatically generated]. Figure 9 displays the layout for the pedestrian configuration, it is noted that the configuration includes a motor, LED, two 7 segment binary decoder displays and an and gate for each pedestrian crossing display. The counterpart for the trigger consists of a potentiometer that acts as a representation of a PIR sensor in lieu of a Proteus representation within standard licence, an OR gate for the computation of the manual button press and the PIR press as valid inputs for [image: Diagram, schematic

Description automatically generated]the pedestrian countdown to begin.Above, Figure 9
Above, Figure 10

Figure 10 represents the I/O on the pic itself, while a PIC with fewer pins would be possible to use, due to wanting to guarantee modularity and flexibility, I chose to use the PIC18F87K90 due to it having a vast quantity of pins that would allow for a greater complexity if required and a large proportion of those being I/O rather than set I or O. Additionally included is a test light that can be hooked up to test the function of various components – a mostly obsolete feature used in testing but still worth include for live bug fixing if required.
Figure 5 Demonstrates the Ultrasonic Sensors and PIR, combined with their ORing on input later, allows for point of failure checks in the event that either the Ultrasonic or PIR Sensor fail.
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Testing
Testing was conducted following a simple procedure detailed in the following table.
	Pedestrian
	NS
	WE
	Result
	Expected

	True
	False
	False
	Followed initialisation and then repeated pedestrian while triggered
	True

	False
	True
	False
	Followed initialisation and then repeated NS while triggered
	True

	False
	False
	True
	Followed initialisation and then repeated WE while triggered
	True

	False 
	False
	False
	Repeated through all signals in sequence
	True

	True
	True
	False
	Repeated sequence NS, Pedestrian
	True

	True
	False
	True
	Repeated sequence WE, Pedestrian
	True

	False
	True
	True
	Cycled between both vehicle light sequences
	True

	True
	True
	True
	Repeated through all signals in sequence
	True




[bookmark: _Toc133501153]Difficulties
The difficulties are similar to those expected previously, mainly that the simulation software sometimes fails to load items correctly, an example of this being that some components run as if active when not provided a negative charge, meaning that, in the case of the motors, a negative initialisation charge is needed to enable the motor to function realistically. Other than this, the only problems seem to be that the Ultrasonic sensor, while possible to utilise in base configuration Proteus, is difficult. As such, I was required to install a 3rd party addon that enabled a correct read from an analogue input to the PIC, as, even though the datasheet stipulates a signal through the echo and trigger pins, it seems to be undetectable without additional firmware packages at its base configuration.
[bookmark: _Toc133501154]Conclusion
To finalize, it is theoretically perfectly viable to utilise a PIC microcontroller to operate as a basic traffic management system and that, more importantly, operating a two-trigger system for detecting traffic is perfectly possible and requires little additional infrastructure on top of what is already required. However, a more in-depth study should be conducted regarding the actual implementation in a real physical environment before being considered for a rollout, as it was impossible in this paper due to the lead time on microchip production exceeding the time permitted to write a conclusion. The findings also demonstrate that such a management system could easily be emulated on a much more compact chip, as this model only required 25 pins, excluding those used for power supply. Meaning that this system may be simplified even further for the sake of non-bespoke production if it were required. Ultimately, this exploration was a successful one for demonstrating how to accurately design a simple traffic management system.
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5 init(); J/Call the initialise function once to avoid malfunction with motors
7 while (1)
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L 1 //Increnemnt count

2 b

B

4 else if(input(PIN_F2) J/if e is active then flash anber for 16 seconds
5 int c1 - 0;

3 while(el < 8)(

7 output_lou(PIN_C0);

o output high(PIILC1);

3 output_lou(PIN_C2)3

0 delay_ms(1000);

1 output_lou(PIN_C1);

2 delay_ms(1000);

5 o

4 b

5 }else (

3

7}

3

0}

0

L void LightcDiis(void){ //Function for NS countdown for Lights

2 output_lou(PIN_C3);

5 output_high(PIILCE);

4 output_lou(PIN_C5);

5 delay ms(3000); //92-95 et amber for 3 seconds

6 output high(PIILC3);

7 output_lou(PIN_C4);

6 output lou(PINCS);

9 delay ms(45000); /9695 Set Green for 45 Seconds

0 output low(PIN G3);

01 output high(PIICA);

2 output high(PIILCS);

3 delay_ns(3000); //100-103 Set Red Anber for 3 Seconds

0+ output Low(PIILC3);

05 output_Low(PINC4);

%6 output high(PIILCS); //164-106 Set Red

7}

3

05 void 1ightCOuE (void){ //systen for WE countdown for Lights

D output_low(PIN Co);

L outputhigh(PIILC1);

2 output low(PIN C2);

5 delay_ms(3000); //116-113 Set anber on for 3 seconds

s output high(PIICo);

5 output low(PIN C1);

5 output low(PINC2);

7 delay_p(45000); //114-117 Set Solid Green for 45 Seconds
5 output low(PIN Co);

s output high(PIIC1);

D output high(PIIC2);

21 delay_ms(3000); //118-121 set ambersred for 3 Seconds

2 output low(PIiCO);

5 output low(PINCL);

2 output high(PIIC2); //122-124 Set Red

5}

% void init(void)( //Function to initialize

27 output_high(PIN A5); /st motors on

% output C(6); //visplay RED on all Lights

5 output_lou(PIN_AS); //turn motors off

0}

1/ EDIT OUT ONCE ULTRASOUND ADDON INSTALLED

22 int readultrans(){ //@Function for reading the Ultrasound
5 inta- 0 //@initialize for return of volue
4 if(analogue. read(PIN_£0) > (analogue.read(PIN £1))71.5¢int o /check if the ultrasound detects within a certain range based off if the echo is received at a strength of 1.5 ~ eqquiliant to s0cm
5 if(analogue. read(PIN E2) > (analogue.read(PIV_£3))71.50int o /bcheck if the ultrasound detects within a certain range based off i the echo is received ot o strength of 1.5 ~ eqquiliant to 60cm
36 return a; //8

37} //8

38 int readultragi(){ /6

3 int a = 6; 176

0 if(analogue. read(PIN £4) > (analogue. recd(PIN_E5))*1.5(int a = 1; /check if the ultrasound detects within a certain range based off if the echo is received at a strength of 1.5 ~ eqquiliant to s0cm
it if(analogue. read(PINES) > (analogue.recd(PINE7))*1.50int a - 1; /bcheck if the ultrasound detects within a certain range based off i the echo is received ot o strength of 1.5 ~ eqquiliant to 60cm
2 return a; 176

o ) 8

“ v/
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