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[bookmark: _Toc133481605]Introduction
The task for this assignment was to produce a working traffic light system to control the flow of traffic on a cross road. As well as controlling traffic flow, the system would have to in-cooperate pedestrian crossing across all four lanes of traffic. To have a competent system, sensors such as Passive Infrared (PIR) or ultrasound would have to be used determine whether there was traffic waiting at a particular light and allow that traffic to flow if there was no traffic at any other part of the crossroad.
However, Proteus [1]; the simulation software that was being used did not have a working PIR sensor. Instead, a potentiometer was used as a PIR is a variable resistor with its variance being adjusted by infrared instead of manual adjustments. This change seemed the best compromise in order to demonstrate the use of analogue digital conversion (ADC) being used in the code. The pedestrian call would be done using a button press as seen on most pedestrian crossings in the UK. 
Furthermore, routines are sped up in the code (such as delays in traffic signals) so it easier and quicker to cycle through routines and call other routines e.g. the pedestrian crossing routine.
Screenshots of the code can be accessed in the appendix of these report.

[bookmark: _Toc133481606]Background Research
In order to ensure that the system was legal, the Highway code was consulted specifically to check that the traffic lights changed colours in the correct manner. For example: when the light is changing from red to green, amber displays along with red not by itself, unlike it is when changing from green to red [2]. 
[image: https://www.drivingtesttips.biz/wp-content/uploads/2014/05/controlled-crossroads.jpg]
Figure1: Shows a crossroad layout only difference this is double lane [3].
Furthermore, on a crossroad when attempting to turn right the oncoming traffic has the right of way [3]. This means that lanes heading in opposite directions can be paired up as any cars attempt to turn right will have to wait for a gap in the oncoming traffic. Another benefit of pairing up traffic is that traffic will flow quicker as now two lanes can flow simultaneously instead of one at a time. This also simplifies the code as instead of four separate signals, traffic lights can be paired so there is the equivalent of 2 different signals in the crossroad (i.e. vertical traffic flow and horizontal traffic flow). 
[bookmark: _Toc133481607]Circuit Design
This traffic light system was designed around one microcontroller (PIC18F452) [4] which would control all the different components of the system. The system itself was designed to carry out bi-directional traffic flow where traffic lights would be paired up in the north/south (vertical) direction and the east/west (horizontal) direction. Reasons for this was to improve traffic flow as all roads are single carriage so cars that attempting to turn right (cross a lane of traffic) only would have to cross one lane of traffic and would have to adhere to the highway code and wait until the lane was clear to cross [3]. If one lane would only be allowed to flow at a time, cars would be waiting for longer periods of time unnecessarily for adjacent traffic flow and for the light changes. Another reason for this choice would that it would enable the code to be simpler and more efficient.
[image: ]
Figure 2: Shows the layout of the circuit in Proteus. Lights 1&2 are paired as are 3&4 [1].  

Because a lot of the signals such as the 7-segement countdown and the pedestrian ‘walk and ‘no walk’ Light Emitting Diodes (LEDs) would have to be synchronised, all the separate countdowns could run off the same signals (i.e. the same pins) saving space on the microcontroller for other tasks.
In order to allow safe crossing for pedestrians, all the traffic lights would have to display red. Therefore, the pedestrian button press would consist of 8 buttons, one for each combination of crossing routes, all connected to the same input pin. This pin then could hold a state in the code (high or low) to indicate if a pedestrian was waiting to cross. The pedestrian would then be signaled to cross when the traffic lights would next all be red.
As already stated PIR sensors would be used to detect traffic but for simulation purposes this was done via a potentiometer. There would be four potentiometers in total (for each lane of traffic) which would be connected to the analogue pins.
Initially, each pin was paired up with a LED traffic light, totaling 12 pins to just control the light signals. However, once it was realised that traffic lights could be paired up it meant only 6 pins were needed to be used (3 for vertical and 3 for horizontal directions). This in turn meant that all these pins could be on the same port which enabled simplification of the code as hexadecimal characters could be outputted onto that port which corresponded to traffic light states. 

[bookmark: _Toc133481608]Traffic Light Pseudo English
1. Include the main.h header file.
2. Define arrays for displaying values on 7-segment and traffic lights.
3. Define variables.
4. Define functions.
5. Timer Interrupt function:
a. Check to see if the pedestrian crossing button has been pressed.
b. If pedestrian button has been pressed and the traffic lights are all red call the pedestrian crossing countdown routine. Once this is completed reset button and traffic lights states to their default and show the red ‘No Walk’ pedestrian light.
c. Run through both sensor functions to check whether cars are waiting at the traffic lights.
6. Main Function:
a. Set up analogue ports and the analogue timer settings.
b. enable the timer interrupt.
c. Main WHILE Loop:
i. Set pedestrian lights to show red ‘No Walk’.
ii. IF there is no traffic detected by the sensors the traffic lights will run through a default routine outlined in ‘traffic’ function.
iii. ELSE IF there is traffic Nth or Sth but not Est or Wst show the hex-decimal values from the array in location to allow turn lights green (nth & sth) and return back to red when traffic has passed, traffic is detected in the other direction or the long delay has elapsed.
iv. ELSE IF there is traffic Est or Wst but not Nth or Sth show the hex-decimal values from the array in location to allow turn lights green (Est & Wst) and return back to red when traffic has passed, traffic is detected in the other direction or the long delay has elapsed.
v. ELSE if there is traffic waiting in both directions run the default traffic routine.
7. Pedestrian countdown function:
a. Turns all traffic lights red to ensure that no traffic will be moving whilst pedestrians are crossing.
b. Change pedestrian walk lights to green ‘Walk’.
c. First WHILE loop displays the number 10 on the 7-segment for roughly 1 second.
d. Second WHILE loop countdowns from 9 to zero of the 7-segement with a delay of a second between each number.
e. Once loops are complete 7-segments are turned off and pedestrian light is changed back to red ‘No Walk’. Change the variables used to increment through arrays to show the 7-segement values back to their default ready for when the function is called next.
8. Traffic function runs the default routine based on timings:
a. Show the values in the array location to display red lights on the traffic lights initially. As the array is incremented the values of light positions changes and cycles through stop and go positions for both directions.
b. IF the value of the variable (location) is greater than the array size its value is converted back to its default (zero).
c. IF the variable (location) is zero pedestrian button press is reset as is the variable ‘state’ which indicates if the traffic lights are in a light position that permits safe pedestrian crossing. Zero means it is not.
d. IF location variable holds the value 3, the light green for nth & sth and a delay is initialised to allow traffic to flow in these directions.
e. ELSE IF variable holds value 7, lights a green est & wst and a delay is initialized to allow traffic to flow in these directions.
9. Sensor 1 function:
a. Read both analogue ports for sensor s1 & s2 and which ever has the lowest value is assigned is sensor 1. 
b. The value is printed onto a virtual terminal for the user to understand values of the pots.
10. Sensor 1 function:
a. Read both analogue ports for sensor s1 & s2 and which ever has the lowest value is assigned is sensor 1. 
b. The value is printed onto a virtual terminal for the user to understand values of the pots.

[bookmark: _Toc133481609]Component Pricing
The majority of the components below were priced using ‘RS Components’, an online store for electronic components [5]. On this website there was a wide array of choices for each component each being similarly priced. Where it was possible the same device was chosen to the one that was used in Proteus [1]. However, when these components were unavailable, like with the 7-segment display, a similar product was chosen.
· PIC18f452 - £7.52 x1 [4]
· PIR – £1.75 x4 = £7	[6]
· Button - £0.122 x8 = £0.98 [7]
· LEDs G/Y- £0.166. Gx12 Yx4 = £2.66 [8]
· LEDs Red - £0.366 x12 = 4.40 [8]
· 7-Segment display - £4.002 x8 = £32.02 [9]
· Total = £54.58
The above calculation is for the minimum number of components needed to run the system as designed however, it is good practice to order more components than required in case some are faulty or some break during the building stage.

[bookmark: _Toc133481610]Details of Testing & Simulation
Testing of the circuit was done using Proteus circuit simulation software [1] as it enabled real time simulation of the of circuit with the current code. This way changes could be made easily both in software and hardware with minimal cost. Once the prototype was completed in simulation, the next would be testing with the physical components. Physical testing is helpful as it allows for any faults in the simulation software found and corrected. However, due to time constraints it was not possible to build the circuit in real-life. 
The design and testing methodology adopted for this task was ‘End to End’ [10] based which aims at testing the functionality of the entire code in a real-life scenario in which it will be interacted with by users (i.e. pedestrians and drivers). This method was adopted as Proteus allowed the interfacing with the components at any stage of the process to simulate how users would interact with the system. This in-turn made it very helpful to see any short-comings in the code at that stage in the process and being able to try ideas that could solve problems through ‘trial and error’ until a solution was found. An example of this procedure was when the pedestrian crossing routine was being called to ensure that the routine would not be executed until the traffic lights were all red. As the code developed more routines were introduced and the code was tested end-to-end again to ensure every additional code worked correctly with the rest.
Moreover, Proteus offers good user interfacing (UI) when accessing data to find at any moment in time what values variables hold making the process of debugging easier.
Initially, the pedestrian countdown function was written as it was a relatively simplistic task and standalone not requiring any other interaction with other functions other than when it was to be called. Once called it would run and then reset before returning to the main function. The biggest challenge facing this task was to get the number ’10’ displayed correctly on the display before the countdown started. Because the number was to be displayed on a double-digit 7-segment display neither digit (1 or 0) could be displayed at the same time and so a suitable frequency had to be obtained in which the display would flick between the two digits quickly to appear constant to the eye. Once this was managed the display would cycle through an array hex values (corresponding to numbers 1 to 9), using a while loop. This task proved straightforward with very few problems being faced.
The next task was to implement a default traffic signal routine in which the signals would change based on a timer for when there was no traffic around so that lights would not get stuck green in one direction. The first attempt used a range of functions which would all hold a traffic light state for the junction which would be called by the traffic function in the correct order. However, this method proved to complicate the code and made it difficult to understand how to in-cooperate the button press for the pedestrian crossing. Therefore, the decision was taken to adopt a similar method to the countdown timer by cycling through an array of hex values corresponding to traffic light states. This helped with implementing the button press as it is known at which point in the array the lights would be red and so at this point if the button had been pressed previously, the countdown routine could be run. 
[bookmark: _GoBack]The biggest challenge faced was implementing the routines that would stop the default routine and start a different one when traffic is detected by the PIR sensor. The major difficulty with is was to ensure that the routines would switch at a safe point and that when the routine ended (i.e. if the traffic had passed or traffic was detected at the other set of lights) that when transferring to the other routine it carried on fluidly. For example: when the PIR had gone from detecting traffic to not detecting but no other traffic had been detected the routine would change back to the default timed one. However, the new routine often repeated the previous traffic arrangement before switching to the other set of lights. This was rectified by saving the state of the lights of the default routine in a variable called ‘location’. As a sensor routine ended and the default traffic function was going to be called. Upon exiting routine, the code would assign the value of location to make sure the routine started changing the lights on the adjacent set of traffic lights.
Because this code had been designed around a default traffic light routine based on timings whenever a button was pressed or a sensor detected a car; this routine had to be interrupted. Hence, the decision was taken to use interrupts; more specifically a timing interrupt. The timing interrupt would interrupt the main code every 50us to check the sensors and the pedestrian button press. The advantage of using a timing interrupt was that it prevented the need to write multiple check points within the main function to check the state of the inputs. This simplified the code hugely and was lot more easily implemented into the existing code.

[bookmark: _Toc133481611]Conclusions
I believe this task went well and I was able to design a working traffic light system that was safe and that allowed fluid traffic flow. Another credible point was that I was able to implement the correct traffic light sequence followed legal lighting procedure as outlined by the DVLA [2]. 
Purely focusing on programming skills, this task was the first time I had used interrupts and the use of them I found very helpful as I was able to interrupt routines without putting in a check point each time. However, that being said due to the nature of how I set up the routines I did need to put some of these check points in to ensure that the interrupt didn’t activate a function out of sequence with the lights (e.g. the variable ‘state’).
Next time I think an area to improve is more background research in traffic light crossroad layouts before deciding on a route to code up the system. My system has 2 sets of traffic lights paired up allowing for simplifications in the code and simpler traffic flow where any car turning right would have to wait till it was clear to cross the adjacent lane. In real life however, I have found very little evidence for this system being operated. Instead, what later research found was that the simplest system operated for a crossroad in the UK was where one set of lanes were paired up (i.e. the main road) with the two adjacent lanes having sperate traffic signals. This method seems to address any potential jam that may occur when opposite traffic from the minor lanes want to turn right. With this additional research earlier, I could have coded up a system that was more truthful to real-life.
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<main . h> 
6 
7 
8 
g 
12 
13 
14 
15 
16 
17 
18 
20 
21 
22 
23 
24 
27 
28 
31 
#include 
unsigned 
unsigned 
unsigned 
unsigned 
unsigned 
unsigned 
unsigned 
unsigned 
unsigned 
unsigned 
unsigned 
unsigned 
unsigned 
unsigned 
unsigned 
unsigned 
unsigned 
#1NT EXTI 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
int 
num CIO] 
{Ox6f , øx7f , , , øx6d , , øx4f , øx5b , øxØ6, øx3f}; 
lights [8] = 
updwngoC4] = {øxØ9 
rght1ftgoC4] = 
count 
location 
lanel 
lane2 
sl; 
s2; 
senl; 
sen2; 
sen3; 
sen4; 
ped ; 
state; 
//include header files 
//define arrays for traffic tights and 7-segment 
//define variables 
void EXTI_isr(void) ][image: Machine generated alternative text:
33 
34 
35 
36 
40 
41 
42 
61 
void 
traffic(); 
void 
cntdwn(); 
void 
sensorl() ; 
void 
sensor2(); 
#1NT TIMERØ 
void 
if (input_state(but) 
ped=l; 
if 
cntdwn(); 
ped=Ø; 
state=ø, 
ped 
delay_ms ( løø) ; 
sensorl(); 
sensor2(); 
//define functions 
// inititatise timer interrupt 
// interrupt function 
// see whether button for pedestrian crossing has been pressed 
// assign ped the value one if it has 
// see whether the default routine has ended (putting both sets of traffic tights at red) 
//catt the count down function to inititiase count down on 7-segments 
// assign button press to zero after countdown ended 
//assign traffic tight routine state to start once countdown ended 
// output red tights one traffic tight LEDs 
// DELAY 
// catt traffic sensor functions ][image: Machine generated alternative text:
64 
65 
void main() 
setup 
setup 
setup 
ANI AN2 AN3 AN4); 
adc(ADC CLOCK INTERNAL); 
_timer Ø(RTCC INTERNALIRTCC DIV 1281RTCC 8 BIT); 
//6.5 ms overflow 
enable_interrupts(INT TIMERØ); 
EXT); 
EXT 1); 
enable_interrupts (GLOBAL) ; 
while(TRUE) 
output_high(no walk); 
// traffic() ; 
(s2>128) 
traffic(); 
else if(s1<=128 && s2>128) 
lights location] ) ; 
delay_ms ( 750) ; 
state=ø; 
//main fucntion 
//setup the analog pins 
// set adc clock to internat 
//setup timer for interrupts 
// initiatise interrupts 
//enabte globat interrupts 
//main white Loop 
//setup initiat condition of the pedestrian walk LED to red (no Walk) 
// if both sl & s2 detect no cars fottow the routine as defined in the traffic function 
//traffic function catted 
// if cars are detected on sl but not s2 traffic tights witt turn to priotise that traffic 
//ouput the array tights onto port b with the variable Location defining which array element 
//de tay 
// set state to zero as both sets of tights are no Longer red ][image: Machine generated alternative text:
// if the 
102 
103 
105 
107 
110 
112 
113 
114 
115 
0 116 
117 
118 
119 
120 
if (location<=7) 
location++; 
else 
location 
11: 
state=ø, 
delay_ms ( leu) ; 
while (lanel= 
-3) 
delay_ms (løøø) ; 
Isl>128) 
break; 
if (lane1=21) 
lane1=Ø, 
' Location ' 
variable is tess than 8 increment its value on each pass of the Loop 
// if it is greater than 7 assign ' Location' the value zero (att traffic tights red) 
//tl is a toctaion for the code to jump to from the other else if if certain paramters are m 
// set state to zero as both sets of tights are not red 
// whilst Location variable is zero the Loop below is executed 
//output the array values on port b that attow tights 1 & 2 to turn green atttowing traffic 
//de tay 
// increment the variable ' tanel ' 
//when ' tanel' is equat to three tights are green 
//detay to at tow traffic flow 
//when 'tanel' is 4 it is on its final value int the array and the tight is amber 
// ' tanel' is assigned 3 so when the statement is catted next the tights are in the correct p 
// check if there is traffic on the other sets of tights ][image: Machine generated alternative text:
124 
126 
127 
129 
132 
137 
139 
142 
143 
145 
147 
location=3; 
state—I 
delay_ms (10) ; 
goto 12; 
else 
location=4; 
state—I 
delay_ms (10) ; 
break; 
else if(s1>128 && s2<=128) 
output_b(lights C location] ) ; 
delay_ms ( 750) ; 
state=ø; 
location++; 
if (location>7) 
location = 4; 
// if the is assign 'tocation' the value 3 to skip to red tights in 'traffic' functiomn rout 
// state is 1 as tights are red so it is safe for pedetrians to cross (if the button is press 
//de tay 
// t 2 goto toction if traffic is detected at the other set of tights 
// if no traffic deteced 
// assign Location 4 so tights are red and the other direction witt turn green first 
// state is 1 as tights are red so it is safe for pedetrians to cross (if the button is press 
//de tay 
//break out of Loop 
// if traffic is detected waiting in the horizontal direction 
//output red tights from the array 'tights' as specified by the vairabte ' Location 
//de tay 
// state is zero as the traffic tight routine is no Longer in a safe for pedestrains to cross 
// increment ' Location' variable 
// if 'tocation' has a value greater tham 7 
// Location equals 4 (red tights) 
//address of goto from other statement when traffic was detected ][image: Machine generated alternative text:
// state is zero as 
// whilst Location 
//output the array 
//de tay 
162 
167 
174 
175 
176 
178 
182 
187 
state=ø; 
delay_ms ( løøø) ; 
lane2++; 
while (lane2= 
-3) 
delay ms(1ØØØ); 
1 Is2>128) 
break; 
if (lane2=21) 
lane2=Ø, 
location=ø; 
state—I 
delay_ms (10) ; 
goto 11; 
else 
location=ø; 
state—I 
delay_ms (10) ; 
break; 
the traffic 
variable is 
' rghttftgo ' 
tight routine is no Longer in a safe for pedestrains to cross 
zero the Loop below is executed 
on the traffic tights to attow trffic to flow horizontatty 
// increment variable ' tane3 ' 
// when ' Lane2' equals 3 tights are green attowing traffic to flow 
//de tay 
//when ' tane2' is equat to 4 tights are amber and routine has ended 
// ' tane2' is assigned 3 so when the statement is catted next the tights are in the correct p 
// if traffic is detected waiting in the vertical Lanes 
// ' Location is equatted to zero 
// ' state is one as tights routine is in a safe place for pedestrians to cross 
//de tay 
// goto address in other function 
// if no traffic detected 
// ' Location is equatted to zero (red tights) 
// ' state is one as tights routine is in a safe place for pedestrians to cross 
//de tay 
//break out of Loop ][image: Machine generated alternative text:
195 
197 
201 
202 
203 
204 
205 
207 
210 
211 
void 
else 
traffic(); 
cntdwn() 
delay_ms (50) ; 
output_low(no walk); 
output_high (walk) ; 
// if both sets of tights (vert & hor) have traffic waiting fottow default routine 
//End of main function 
// function that attows for the safe crossing of pedestrians 
//output hex value on port b to turn att traffic tights red 
//de tay 
// turn off 'no walk' (red LEDs) 
// turn on 'walk (green LEDs) as to signat to pedetrains they can cross 
//rf the variable 't' (time) is tess than 23 (display value '13' on 7-segement) ][image: Machine generated alternative text:
212 
213 
214 
215 
216 
217 
218 
219 
output_high(led 2nd); 
output_low(led 1st); 
output_d (øxØ6) ; 
delay_ms (10) ; 
output_high(led 1st); 
output_low(led 2nd); 
output_d (øx3f) ; 
delay_ms (10) ; 
while (count<lø) 
count]) ; 
delay_ms ( løøø) ; 
count++; 
output_high(led 2nd); 
output_low(walk) ; 
output_high(no walk); 
delay_ms (5) ; 
count=ø; 
// turn on pin to stop ones value being displayed 
// turn off pin to show tens value 
// show value '1' 
//de tay 
// turn on pin to stop tens being displayed 
// turn off pin to attow ones to be displayed 
// display the number '3' 
//de tay 
// increment t 
//white the variable count (used to increment through array to show countdown values) is tes 
// display number on 7-segment 
//detay 1 second 
//incrment count to change number on the 7-segment 
// turn on pin to stop showig ones on 7-segment 
//output nothing to ensure no value is Left displaying on 7-segment 
// turn off 'walk' LED (green tight) 
//tunr on 
//detay a 
//assign 
//assign 
'no walk' LED (red tight) - pedetrian crossing time ended 
short time 
't' to zero so it has the correct value for next time the routine is catted 
'count' to zero so it has the correct value for next time the routine is catted ][image: Machine generated alternative text:
239 
240 
241 
242 
243 
245 
247 
251 
252 
255 
261 
262 
265 
267 
void 
traffic ( ) 
lights location] ) ; 
delay_ms ( 750) ; 
location++ ; 
if (location > 7) 
else 
location=ø; 
state—I 
if 
state=ø; 
ped=ø; 
if (location 
else 
delay ms(3ØØØ); 
if(10cation==7) 
delay ms(3ØØØ); 
//state=l; 
//defautt function that runs when either no traffic is dected or when traffic is detected on 
//output on port b the traffic tight routine as assigned by the value of the variable ' Locat 
//de tay 
// increment ' Location' to get to next traffic tight arrangemnet in the sequence 
// if the ' Location value is greater than 7, assign it the value 7 to start the routine again 
// if it is equat to zero assign the 
// assign pedestrian button press to zero 
//when the tights are green delay to attow traffic to flow 
//when sequence has ended set state to 1 as routine in a place to attow pedestrians to cross ][image: Machine generated alternative text:
270 
271 
274 
275 
276 
278 
281 
282 
285 
287 
291 
292 
void 
sensorl() 
senl= read_adc(); 
set_adc_channel(l); 
sen2 =read_adc(); 
if(sen1<sen2) 
else 
senl; 
sen2; 
= %u\r" 
,sl); 
//function that senses traffic for vertical directions 
//assign channel 3 to the 1st sensor 
//read the 1st sensor value 
//assign channel 1 to 2nd sensor 
//read the 2nd sensor value 
// if 1st sensor value is tess than the second sl equat 1st 
//otherwise sl equals second sesenor 
// done to simplify code as sensors are paired tike the traffic tights 
//print 'sl' value to Vt to display its value for reassurance purposes ][image: Machine generated alternative text:
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void 
sensor2( 
set_adc_channe1(2); 
sen3= read_adc(); 
set_adc_channe1(3); 
sena =read_adc(); 
if(sen3<sen4) 
s2 = sen3; 
else 
s2 = sen4; 
printf( " s2 
— %u\r" 
//function that senses traffic in 
//assign channel 2 to 3rd sensor 
//read the 3rd sensor value 
//assign channel 3 to 4th sensor 
//read the 4th sensor value 
rizontat 
directions 
,s2); 
// if the 3rd is greater than the 4th s2 equals 3rd sensor 
//otherwse s2 equals 4th sensor 
// done to simplify code as sensors are paired tike the traffic tights 
//print 's2' value to the Vt to display its value for reassurance purposes as wett ]
[image: ] 
Note there should be 8 7-segments however, there are only 7 as a I could not fit all in.
[image: https://www.drivingtesttips.biz/wp-content/uploads/2014/05/controlled-crossroads.jpg]
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#include

unsigned
unsigned
unsigned
unsigned

unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

<main.h> //include header files

int
int
int
int

int
int
int
int
int
int
int
int
int
int
int
int
int

#INT_EXT1
void EXT1 isr(void)

{
}

num[10] = {0x6f,0x7,0x07,0x7d,@x6d, 0x66,0x4F, Ox5b,0x06,0x3F}; //define arrays for traffic lights and 7-segment
lights[8] = {0x09,0x0b,0x0c,0x0a,0x09,0x19,0x21,0x11}; Vi
updwngo[4] = {0x09,0x@b,0x0c,0x0a} ; Vi
rghtlftgo[4] = {0x09,0x19,0x21,0x11}; Vi

count = 0; //define variables
t=0;

location =0;

lanel = 0;

lane2
s1;
s2;
sent;
sen2;
sen3;
send;
ped;
state;

e
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void
void
void
void

#INT,
void

{

traffic();
cntdun();

sensor1();
sensor2();

_TINER®
TIMERG_isr(void)

if(input_state(but) ==1)

{
¥

ped=1;

if(state==1 & ped ==1)
{
cntdun();
ped=0;
state=0;
output_b(6x09) ;
delay_ms(160);
¥
sensor1();
sensor2();

//define functions

//initilalise timer interrupt
//interrupt function

//see whether button for pedestrian crossing has been pressed

// assign ped the value one if it has

// see whether the default routine has ended (putting both sets of traffic Lights at red)

//call the count down function to initiliase count down on 7-segments
// assign button press to zero after countdown ended

//assign traffic Light routine state to start once countdown ended
// output red Lights one traffic Light LEDs

// DELAY

// call traffic sensor functions
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void main()

{

setup_adc_ports (ANO_ANL_AN2_AN3_ANA) ;

setup_adc (ADC_CLOCK_INTERNAL) ;

setup_timer_0(RTCC_INTERNAL |RTCC_DIV_128|RTCC_8_BIT);

enable_interrupts (INT_TIMER®);

//enable_interrupts(INT_EXT);

interrupts(INT_EXTL);

while(TRUE)

{

output_high(no_walk);
7/ traffic();
1F((s15128) 8& (s2>128) )

{

}

traffic();

else if(s1<=128 && $2>128)

{

output_b(lights[location]);
delay_ms(750);
state=0;

//6.5 ms overflow

//main fucntion

//setup the analog pins
//set adc clock to internal

//setup timer for interrupts

//initialise interrupts

//enable global interrupts

//main while Loop

//setup initial condition of the pedestrian walk LED to red (no Walk)

//if both s1 & s2 detect no cars follow the routine as defined in the traffic function

//traffic function called

//if cars are detected on s1 but not s2 traffic Lights will turn to priotise that traffic

//ouput the array Lights onto port b with the variable location defining which array element
//delay
// set state to zero as both sets of Lights are no Longer red
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if(location<=7)

{
location++;

¥
else

{

location =

¥
11:
state=0;
while(location=-0)

{
output_b(updungo[lane1]);
delay_ms(1000) ;
lanel++;
while(lanel==3)
{

delay_ms(1000);
if(s2<128||s1>128)

{
break;
¥
¥
if(lane1=-4)
{
lanel=0;

if(52<128)

//if the 'location’ variable is less than 8 increment its value on each pass of the Loop

//if it is greater than 7 assign 'location’ the value zero (all traffic Lights red)

//U1 is a loctaion for the code to jump to from the other else if if certain paramters are m
// set state to zero as both sets of lights are not red
// whilst location variable is zero the Loop below is executed

//output the array values on port b that allow lights 1 & 2 to turn green alllowing traffic
//delay

//increment the variable 'lanel’
//when 'lanel’ is equal to three Lights are green

//delay to allow traffic flow

//when 'lanel’ is 4 it is on its final value int the array and the Light is amber

//'lanel’ is assigned @ so when the statement is called next the Lights are in the correct p
// check if there is traffic on the other sets of Lights
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¥
3

location=3;
state=1;
delay_ms(10);
goto 12;

¥

else

{

location=4;

state=1;

delay_ms(10);

break;

}

else if(s1>128 & s52¢=128)

{

output_b(lights[location]);

delay_ms(750);
stateo;

location++;

if(location>7)

{
3

12:

location = 4;

// if the is assign 'location’ the value 3 to skip to red Lights in 'traffic’ functiomn rout
//state is 1 as Lights are red so it is safe for pedetrians to cross (if the button is press
//delay

//12 goto loction if traffic is detected at the other set of Lights

// if no traffic deteced

// assign location 4 so Lights are red and the other direction will turn green first
//state is 1 as Lights are red so it is safe for pedetrians to cross (if the button is press

//delay
//break out of Loop

//if traffic is detected waiting in the horizontal direction

//output red Lights from the array 'lights’ as specified by the vairable 'location
//delay

//state is zero as the traffic light routine is no longer in a safe for pedestrains to cross
// increment 'location’ variable

// if 'location’ has a value greater tham 7

//location equals 4 (red Lights)

//address of goto from other statement when traffic was detected
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state=0;
while(location==4)
{
output_b(rghtlftgo[lane2]);
delay_ms(1600) ;
lane2++;
while(lane2==3)
{

delay_ms(1000);
if(s1<128||s2>128)
{

break;
¥
¥
if(lane2=-4)
{
lane2=0;
1f(s1<128)
{
location=0;
state=1;
delay_ms(10);
goto 11;

¥

else

{

location=0;
state=1;
delay_ms(10);
break;

//state is zero as the traffic light routine is no longer in a safe for pedestrains to cross
// whilst location variable is zero the Loop below is executed

//output the array 'rghtlftgo’ on the traffic Lights to allow trffic to flow horizontally
//delay

// increment variable 'lane3’

// when 'lane2" equals 3 lights are green allowing traffic to flow

//delay

//when 'lane2’ is equal to 4 Lights are amber and routine has ended

//'lane2’ is assigned @ so when the statement is called next the Lights are in the correct p
// if traffic is detected waiting in the vertical lanes

//'location is equalled to zero
//'state is one as Lights routine is in a safe place for pedestrians to cross
//delay

// goto address in other function

//if no traffic detected

//'location is equalled to zero (red lights)
//'state is one as Lights routine is in a safe place for pedestrians to cross
//delay

//break out of Loop
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¥
¥
¥
¥
else
{
traffic();
¥
¥
¥
void cntdwn()

{

output_b(0x@9) ;
delay_ms(50);
output_low(no_walk);
output_high(walk);
while(t<=20)

// if both sets of Lights (vert & hor) have traffic waiting follow default routine

//End of main function

// function that allows for the safe crossing of pedestrians

//output hex value on port b to turn all traffic Lights red
//delay

//turn off'no walk' (red LEDs)

//turn on "walk (green LEDs) as to signal to pedetrains they can cross

//If the variable 't' (time) is less than 20 (display value ‘10" on 7-segement)
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output_high(led_2nd);
output_low(led_1st);
output_d(0x06) ;
delay_ms(10);
output_high(led_1st);
output_low(led_2nd);
output_d(6x3f);
delay_ms(10);
e

}

while(count<10)

{
output_d(num[count]);
delay_ms(1000) ;
count++;

¥
output_high(led_2nd);
output_d(0x00) ;
output_low(walk);
output_high(no_walk);
delay_ms(5);
t=0;
count=0;

//turn on pin to stop ones value being displayed
//turn off pin to show tens value

//show value '1"

//delay

//turn on pin to stop tens being displayed
//turn off pin to allow ones to be displayed

// display the number ‘0"

//delay

//increment t

//uwhile the variable count (used to increment through array to show countdown values) is Les

// display number on 7-segment
//delay 1 second
//incrment count to change number on the 7-segment

//turn on pin to stop showig ones on 7-segment
//output nothing to ensure no value is left displaying on 7-segment

//turn off ‘walk’ LED (green Light)

//tunr on 'no walk' LED (red Light) - pedetrian crossing time ended

//delay a short time

//assign 't' to zero so it has the correct value for next time the routine is called
//assign 'count’ to zero so it has the correct value for next time the routine is called
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void traffic()

{

output_b(lights[location]);
delay_ns(750);
location++;
if(location>7)
{
location=0;
state=1;
}
else if(location==0)
{
state=0;
ped=0;
¥

if(location==3)
{

}

delay_ms(3000) ;

else if(location

{

7)

delay_ms(3000) ;
//state=1;
¥

//default function that runs when either no traffic is dected or when traffic is detected on

//output on port b the traffic light routine as assigned by the value of the variable 'locat
//delay
//increment 'location’ to get to next traffic Light arrangemnet in the sequence

//if the 'location value is greater than 7, assign it the value 7 to start the routine again

// if it is equal to zero assign the
// assign pedestrian button press to zero

//when the Lights are green delay to allow traffic to flow

//when sequence has ended set state to 1 as routine in a place to allow pedestrians to cross
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void

{

sensor1()

set_adc_channel(e);
delay_us(10);
senl= read_adc();

set_adc_channel(1);
delay_us(10);
sen2 —read_adc();

if(senl<sen2)
{

s1 = senl;
¥
else
{

s1 = sen2;
¥

printf("s1 - %\, s1);

//function that senses traffic for vertical directions

//assign channel @ to the 1st sensor
//read the 1st sensor value
//assign channel 1 to 2nd sensor

//read the 2nd sensor value

//if 1st sensor value is less than the second sl equal 1st

//otherwise s1 equals second sesenor
// done to simplify code as sensors are paired like the traffic Lights
//print 's1' value to vt to display its value for reassurance purposes
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void sensorZ()
{
set_adc_channel(2);
delay_us(10);
sen3= read_adc();

set_adc_channel(3);
delay_us(10);
send —read_adc();

if(sen3<send)
{
52 = sen3;
¥
else
{
52 = send;
¥

printf("s2 - %u\r,s2);

//function that senses traffic in the horizontal directions
//assign channel 2 to 3rd sensor

//read the 3rd sensor value

//assign channel 3 to 4th sensor

//read the 4th sensor value

//if the 3rd is greater than the 4th s2 equals 3rd sensor

//otherwse s2 equals 4th sensor
// done to simplify code as sensors are paired like the traffic Lights
//print 's2" value to the vt to display its value for reassurance purposes as well
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