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YOU ARENT MULTIPLEXING 
[bookmark: _Toc225513415]Introduction
This report details a simple traffic light system simulated in proteus and programmed with c in ccs compiler. The first part is background research surrounding what the objectives of the project were along with some background research on traffic light systems and how they function. The report then details the circuit design of the traffic light system and why parts were chosen. The next part is software focused and goes into detail about how the system was developed in software and then tested. This part also details some of the programming choices. The last bit contains a real-world test of part of the circuit on a breadboard and some of the limitations observed in real life along with a conclusion and future improvements.
[bookmark: _Toc225513416]Background research
 The task was to design a traffic light system for a t junction. The system has three separate traffic lights for each section of the junction. They must all include a dual 7 segment display that counts down from 40 to 0. Each 10 seconds the lights must change, and the last 10 seconds should be dedicated to pedestrians with a separate LEDs to signal the go and stop functionality. The pedestrian light should only be green in the last 10 seconds and should include a red led Aswell. The pedestrians crossing phase turns all other traffic lights to red. [1]
Components used in this project are
	Component 
	Quantity

	
	

	7 segment display
	6

	Pic 16F877A
	1

	LED
	9

	Resistor
	13

	Push button 
	1

	buzzer
	1



Before starting the circuit design and programming, I first did some research on real world traffic light systems when doing the research, I decided to add a manual button which the pedestrian could press which would stop the traffic light cycle and light up the pedestrian green light for 10 seconds all other traffic lights would show red lights. 
[bookmark: _Toc225513417]Circuit design 
The circuit was designed in proteus it features a crystal oscillator connected to the oscillator pins of the PIC these being 13 and 14, 2 22pF capacitors are connected to the oscillator and ground. 22pF capacitors were used as they were recommended when looking at the datasheet which can be seen in figures 2 , 3, 4 and 5. Capacitors were used as they allow the crystal to oscillate at its specific frequency. This being the load capacitance which is used to ensure precise oscillators at the frequency a mismatch between circuit load capacitance and crystal rated load capacitance leads to frequency deviations. The manufacturer will specify a load capacitance which you must meet to ensure accurate frequency. [2] The LEDS for the first traffic light are connected to pins B2,B3 and B5.Traffiuc light 2 is connected to A0,A1 and A2 while traffic light three is connected to E0,E1 and E2 on the pic.A interrupt pedestrian button is connected to RB0 and the pedestrian green and red lights are connected to B1 and B6.One 7 segment display is connected to port C. and the other 7 segment display is connected to port D.As the pic doesn’t have an internal oscillator I had to create one using a crystal oscillator and 2 22pF capacitors.22 pF was used as it’s a common component for crystal oscillators in microcontroller circuits. For the 7-segment display it was connected to a 220-ohm resistor network to provide current limiting and to prevent damage to the display. The 7-segment display was a common anode therefore a low signal was needed to turn on the segment’s cathodes along with all the tying all the led anodes together to vcc.Common anode 7 segment display was chosen instead of a cathode one as they are better for sinking current via a microcontroller. The 7 segment displays were all connected in parallel to the same ports as none of them were displaying information different from the others. I chose to use in proteus prebuilt traffic light las they were already looking like traffic light so therefor fit the brief. The pedestrian leds were connected to a 220ohm resistor to limit the current supplied to the led. The pedestrian button is all connected to the same pin RR0 as this is the external interrupt pin therefor the interrupt subroutine wouldn’t work on any other pin. The button has been pulled high with the resistor as if the button isn’t either set high or low sometimes the float state when button not pressed can cause anomalies in the program setting it high stops that issue. The pic16F877A was chosen for this project due to its cost and availability. The pic has also been used in other projects so it’s more familiar than other versions. One trade off with this pic is that there’s no internal oscillator however this was easily rectified with an external crystal oscillator which allows a greater ranger of oscillator frequencies compared to an inbuilt one. [3]The figure seen below is the circuit diagram with a t junction image overlade to show where they would be positioned.
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Figure 1 Proteus simulation hardware design
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Figure 2 Part of the Pic datasheet regarding oscillator
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Figure 3 recommended capacitors for crystal oscillator
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Figure 4 crystal oscillator for pic16f877a
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Figure 5 Pic16F877A datasheet oscillator section
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Figure 6 PIC16F877A datasheet ports
[image: ]
Figure 7 PIC datasheet operating voltage
[bookmark: _Toc225513418]Testing
 
[image: ]
Figure 8 Interrupt registers from pic datasheet
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Figure 9 Interrupt edge select bit from pic datasheet
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Figure 10 Flowchart of traffic light system
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Figure 11 setup code on ccs compiler for traffic light system
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Figure 12 pedestrian subroutine for traffic light system
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Figure 13 traffic light system interrupt setup
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Figure 14 first switch case statement
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Figure 15 switch case 1
[image: ]
Figure 16 switch case 2
[image: ]
Figure 17 switch case 3
The program uses 2 main programming functions The first is the switch case statement which is a conditional statement that allows you to execute different code blocks based on the value of a variable or an expression. It’s often used in place of if else ladders when there are multiple conditions. To implement a switch case, you have to create an expression or variable whose value is tested once this has been tested the corresponding case (a block of code) will be executed. [4] Once the block has executed the break function will exit the switch statement without the break the program will continue to executing subsequent cases.
The second is the use of interrupt service routines which will when triggered pause what’s being executed in the main program and jump to a subroutine which will execute its program once finished it will return to the same point in the main code and continue. The pic16F877A has 15 interrupt service routines however the one used in this program is the external and the register used for the interrupt is the INTCON which contains the enable and flag bits for the external RB0/INT pin interrupt. The OPTION_REG register contains the control bits to configure the external INT interrupt and the weak pull ups on PORTB [5].The enable bit allows/disallows the actual interrupt from happening (enable = unmasked, disabled = masked).The flag bit is set if  interrupt should be invoked. The pic by default disables the interrupts they are enabled through the registers in this case INTCON, and they can all be masked by clearing the GIE bit in INTCON. INT interrupts are edged triggered (need the signal to change). Enabling the interrupt to occur can be seen in figure 18 below. The interrupt is set to only trigger from a high state to low state.
[image: ]
Figure 18 high to low edge interrupt

The program uses switch cases to run through all the different stages of the traffic lights and for the pedestrian button I use the external interrupt on pin RB0 which is connected to a push button to trigger the interrupt. I did it this way as using an if loop wasn’t getting the pedestrian button to trigger consistently also the increased use of delays caused the program to have latency issues this was rectified by creating the pedestrian button sub routine which would have only one delays rather than multiple delays. To get the switch cases to trigger sequentially I add one to the switch state count at the end of the cases which then resets in the final case. I preferred using switch cases to for loops as if you wanted to add more functionality to the traffic light system it’s easier to add another case then a for loop also multiple for loops can cause the program to run slower however in this scenario it’s unlikely to cause any issues. When implementing the interrupt sub routine I had a number of issues at the start as the interrupt wouldn’t trigger unless the switch statement had been commented out showing a logic issues as the way I implemented the interrupt routine after the switch statement had ended after the break function caused the program to not see it at all as the program drops out of the loop. When I moved it to outside the switch statement this rectified the issue. Another issue I encountered at the start when learning to use the external interrupt was that it would only trigger on the RB0 pin which I didn’t have the push button on at the start.
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Figure 19 Traffic light system cycles
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Figure 20 traffic light system cycles
[image: ]
Figure 21 traffic light system cycles

[bookmark: _Toc225513419]Breadboarding
[bookmark: _Toc223616004]A simplified version of the traffic light system was then tested using a real pic 16F877A on a breadboard and programmed using the mplab Ipe. The breadboard version included a crystal oscillator on pins 12 and 13 the oscillator is also connected to 2 capacitors going to ground. The breadboard version has the traffic light leds on pins RB1, RB4, RB5 this is due to some pins on the actual pic having multiple functions on the same pins the pins chosen don’t have any other functions. The pic programmer was connected to the main control pin 1. 
An issue I found when going from the simulation to the breadboard was that the RB0 bin used for the external interrupt for the pedestrian green light was being used as a programming pin on the actual pic therefor I couldn’t replicate the pedestrian button properly. Another issue with the actual breadboard was that I only had 1 7 segment display so couldn’t replicate the full 40 second timer.
[image: ]
[bookmark: _Toc225513420]Conclusion
For future iterations of the project, If the project were to be expanded, I would either increase the number of PICs used or I would involve a port expander due to the pics limited number of ports its couldn’t support more traffic lights on it. Another improvement I would make would be to change the code so that if the pedestrian had pressed the button before the last switch case had started the one where the pedestrian light turns on I would skip that one in the cycle as the pedestrian would have already crossed. This would make the traffic light more efficient as cars aren’t waiting around for 10 seconds for none to cross the road. The final change to the design would be for the traffic light leds to flash 3 seconds before they change to let drivers and pedestrian know that the lights are about to change without having to turn away from the road to the display which could be a safety concern. When doing this project, I had a plan to add a buzzer to signal to visual impaired pedestrians that it was safe to cross however this couldn’t be implemented with the code in time. This would have been done with the use of pulse width modulation (pwm) along with using a passive buzzer as by changing the pwm you could change the pitch generated due to it not having an internal oscillator. A transistor would have been used to provide the necessary current to the buzzer. The first thing would be getting the frequency by using the equation 1/T (time period) then working out the duty cycle for how long the signal need to be on. This is found by dividing the time the signal is high over the total period. I would have implemented this in the code using the timer modules as the pic16F877A has 3 types of timers. Timer2 an 8-bit timer with a periodic register would have been the one I chose had I had time.
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14.2.1 OSCILLATOR TYPES

The PIC16F87XA can be operated in four different
oscillator modes. The user can program two configura-
tion bits (Fosc1 and FoscO) to select one of these four
modes

- LP Low-Power Crystal
. XT Crystal/Resonator
- HS High-Speed Crystal/Resonator
« RC Resistor/Capacitor

14.2.2 CRYSTAL OSCILLATOR/CERAMIC
RESONATORS

In XT, LP or HS modes, a crystal or ceramic resonator
is connected to the OSC1/CLKI and OSC2/CLKO pins
to establish oscillation (Figure 14-1). The PIC16F87XA
oscillator design requires the use of a parallel cut crys-
tal. Use of a series cut crystal may give a frequency out
of the crystal manufacturer's specifications. When in
XT, LP or HS modes, the device can have an external
clock source to drive the OSC1/CLKI pin (Figure 14-2).

FIGURE 14-1: CRYSTAL/CERAMIC
RESONATOROPERATION

(HS, XT OR LP
nor rOnNch I1IDATIONY
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TABLE 14-1: CERAMIC RESONATORS

Ranges Tested:
Mode Freq. osc1 0sc2
XT 455 kHz 68-100 pF 68-100 pF
20MHz | 1568pF | 15-68 pF
4.0 MHz 15-68 pF 15-68 pF
HS 80MHz | 10-68pF | 10-68 pF
16.0 MHz 10-22 pF 10-22 pF
These values are for design guidance only.
See notes following Table 14-2
Resonators Used:
2.0 MHz | Murata Erie CSA2.00MG +0.5%
4.0 MHz | Murata Erie CSA4.00MG +0.5%
8.0 MHz | Murata Erie CSA8.00MT +0.5%
16.0 MHz | Murata Erie CSA16.00MX +0.5%
All resonators used did not have built-in capacitors.
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FIGURE 14-1: CRYSTAL/CERAMIC
RESONATOROPERATION
(HS, XTORLP
OSC CONFIGURATION)

1“’ 0sc1
A Internal
I:lXTAL ISIRFO Logic
= lljoscz I Steep
cat PIC16F87XA

Note 1: See Table 14-1 and Table 14-2 for recommended
values of C1 and C2.

2: A series resistor (Rg) may be required for AT
strip cut crystals.

3: RF varies with the crystal chosen.
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TABLE 14-2: CAPACITOR SELECTION FOR

CRYSTAL OSCILLATOR
Osc Type Cr?les:l Cap.glange Cap.CRZange
LP 32 kHz 33 pF 33 pF
200 kHz 15 pF 15 pF
XT 200 kHz 47-68 pF 47-68 pF
1 MHz 15 pF 15 pF
4 MHz 15 pF 15 pF
HS 4 MHz 15 pF 15 pF
8 MHz 15-33 pF 15-33 pF
20 MHz 15-33 pF 15-33 pF

These values are for design guidance only.
See notes following this table.

Crystals Used

32kHz | Epson C-001R32.768K-A | +20 PPM

200 kHz STD XTL 200.000KHz +20 PPM
1 MHz ECS ECS-10-13-1 +50 PPM
4 MHz ECS ECS-40-20-1 +50 PPM

8MHz | EPSON CA-3018.000M-C | +30 PPM

20 MHz | EPSON CA-301 20.000M-C | +30 PPM

Note 1: Higher capacitance increases the stability
of oscillator but also increases the start-up
time.

1423 RC OSCILLATOR

For timing insensitive applications, the "RC" device
option offers additional cost savings. The RC oscillator
frequency is a function of the supply voltage, the
resistor (RexT) and capacitor (CExT) values and the
operating temperature. In addition to this, the oscillator
frequency will vary from unit to unit due to normal pro-
cess parameter variation. Furthermore, the difference
in lead frame capacitance between package types will
also affect the oscillation frequency, especially for low
CexT values. The user also needs to take into account
variation due to tolerance of external R and C
components used. Figure 14-3 shows how the R/C
combination is connected to the PIC16F87XA.

FIGURE 14-3: RC OSCILLATOR MODE

VoD

REXT

Internal
0sc1
Clock

Cext T PIC16F87XA

~%— 0SC2/CLKO
Fosc/4l

Vss =

Recommended values: 3 k& < REXT <100 kQ
CEXT > 20 pF
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PIC16F882/883/884/886/887
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14.18 In-Circuit Serial Programming

PIC16F87XA microcontrollers can be serially pro-
grammed while in the end application circuit. This is
simply done with two lines for clock and data and three
other lines for power, ground and the programming
voltage. This allows customers to manufacture boards
with unprogrammed devices and then program the
microcontroller just before shipping the product. This
also allows the most recent firmware or a custom
firmware to be programmed.

When using ICSP, the part must be supplied at 4.5V to
5.5V if a bulk erase will be executed. This includes
reprogramming of the code-protect, both from an on
state to an off state. For all other cases of ICSP, the part
may be programmed at the normal operating voltages.
This means calibration values, unique user IDs or user
code can be reprogrammed or added.

For complete details of serial programming, please
refer to the "PICT6F87XA Flash Memory Programming
Specification” (DS39589).
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INTCON REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x

GIE PEIE TMROIE INTE RBIE TMROIF INTF RBIF

bit 7 bit 0

U = Unimplemented bit, read as ‘0’ -n = Value at POR
x = Bit is unknown
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INTEDG Interrupt Edge Select bit

1 = Interrupt on the rising edge of RBO/INT pin
0 = Interrupt on the falling edge of RBO/INT pin
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Jvoid Pedestrian(void){ ///subroutine for pedastrian button press
int i;

2 for (i = 0; i < 10; i++){ //display counts down from 9
output_c(display[i]); //outputs count to display
output_high(PEDG2); //pedstrian green light is on
output_low(PEDR1);  ///pedstrian red light is off
output_high(RD); //traffic red light on
output_high(RED); //traffic red light on
output_high(RE3); //traffic red light on
output_low(ORG); //traffic orange light off
output_low(GRE); //traffic green light off
output_low(OR2); //traffic orange light off
output_low(GR1); //traffic green light off

delay_ms(10); //delay for 1@ micro seconds

}
SW1_pressed = @; //sets SWl_pressed flag to @
output_low(PEDG2); //pedestrian green light set off
output_high(RD); //traffic red light on
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Jvoid main(){  ///main loop

set_tris_b(0beeeeeeel); //sets RBO as input
set_tris_c(@x0@); //sets portC as output
output_c(@xee); //outputs portC as off

set_tris_a(@xe@); //sets portA as output
output_a(@xe@); //outputs portA as off

set_tris_e(0x00); //sets portE as output
output_e(@x00); //outputs portE as off

set_tris_d(@x@@); //sets portD as output
output_d(exee); //outputs portD as off

ext_int_edge(H_TO_L); //sets the interrupt trigger edge high to low

enable_interrupts(INT_EXT); //enables RBO external interrupt
enable_interrupts(GLOBAL); //enables the global interrupt

] while(TRUE){ //whille loop while statement is true
int i3

= if(SW1_pressed){ //if SWl_pressed changes (goes high due to being pressed)
Pedestrian(); //calls Pedestrian subroutine
delay_ms(10); //delays 1@ micro seconds

}
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switch(traffic_state){ ///swiitch state with traffic_state variable

case @: ///case @ first case
for (i = @; i < 10; i++){ //display counts down from 9
output_c(display[i]); //outputs count to display
output_d(@xBe); //outputs to other display the number 3
output_high(RD); //traffic light red on
output_low(OR); //traffic light orange off
output_low(GR); // traffic light green off

output_high(ORG); //traffic light orange on
output_low(RED); //traffic light red off

output_high(RE3);  //traffic light red on
output_low(OR2); // traffic light orange off
output_low(GR1); // traffic light green off

output_high(PEDR1); //pedstrian red light on
output_low(PEDG2); //pedstrian green light off
delay_ms(10);

}

traffic_state++; //adds one to traffic_state variable
break; //breaks loop
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case 1: //case 2
for (i = @; i < 10; i++){ //display counts down from 9
output_c(display[i]); //outputs count to display
output_d(@xAd); //outputs to other display the number 2
output_low(GR); // traffic light green off
output_high(OR); // traffic light orange off
output_low(RD);  //traffic light red off

output_high(GRE); // traffic light green on
output_low(ORG); // traffic light orange off
output_low(RED); //traffic light red off

output_low(GR1); // traffic light green off
output_high(OR2); // traffic light orange on
output_low(RE3); //traffic light red off

output_high(PEDR1); //pedestrian light red high

output_low(PEDG2); //pedestrian light green low

delay_ms(10);

}

traffic_state++; //adds one to traffic_state variable
break; //breaks loop
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case 2: //case 3
for (i = @; i < 10; i++){ //display counts down from 9
output_c(display[i]); //outputs count to display
output_d(exF9); //outputs to other display the number 1
output_low(GR); // traffic light green off
output_low(OR); // traffic light orange off
output_high(6R);

output_high(RED); //traffic light red on
output_low(GRE); // traffic light green off
output_low(ORG); // traffic light orange off

output_low(RE3); //traffic light red off
output_low(OR2); // traffic light orange off
output_high(GR1); // traffic light green on

output_high(PEDR1); //pedestrian red light on
output_low(PEDG2); //pedestrian green light off
delay_ms(10);

}

traffic_state++; //adds one to traffic_state variable
break; //breaks loop
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case 3: //case 4
for (i = @; i < 10; i++){ //display counts down from 9
output_c(display[i]); //outputs count to display
output_d(exc8); //outputs to other display the number @
output_high(RD); //traffic light red on
output_low(OR); // traffic light orange off
output_low(GR); //traffic green light off

output_high(RED); //traffic light red on
output_low(ORG); // traffic light orange off
output_low(GRE); //traffic green light off

output_high(RE3); //traffic light red on
output_low(OR2); //traffic light red on
output_low(GR1); //traffic green light off

output_low(PEDR1); //pedestrian red light off
output_high(PEDG2); //pedestrian green light on
delay_ms(10);

}

traffic_state = @; //sets traffic_state variable back to @
break; //breaks loop

}
b
2
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ext_int_edge(H_TO_L); //sets the interrupt trigger edge high to low

enable_interrupts(INT_EXT); //enables RBO external interrupt
enable_interrupts(GLOBAL); //enables the global interrupt
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