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[bookmark: _Toc132916486]Introduction
This assignment presented me with the task of designing a density-based Traffic light control system. To accomplish this, I had to use Passive Infrared and Ultrasonic Sensors to determine the presence of pedestrians and cars, I had to use the PIR sensor to detect body heat emissions of the pedestrians and the ultrasonic sensor is used to detect and range the approaching cars.
The assignment brief suggested that I should consider a range of scenarios that the microcontroller would have to play through.
Traffic Signal
• The system should function normally by controlling individual signals if there is traffic at each end. • The system will skip a signal and proceed to the next one if there is no traffic nearby.
• The system will remain at a signal, if there is no traffic at the other signals, and should only move on to the next signal if traffic is detected at another signal. 
Pedestrian Signal 
• Once the PIR Sensor detects a pedestrian a green light should be displayed, and a 7-segment display should be used to display the crossing time. 
• The PIR Sensor should be delayed ensuring it remains on, else it will affect the performance of the Traffic Signal. 
I was given the choice of PIC16/18F family of programmable ICs to write the code onto or I could use an Arduino product, I had to use the proteus software to simulate the traffic control system, but I was given the choice of any language to write the code in. the brief suggested that I use proteus to simulate the operation of the circuit, but also gave the option to produce a real circuit to test as well.


[bookmark: _Toc132916487]Background research
[bookmark: _Toc132916488]Traffic Lights
The first traffic light was invented by London’s house of commons in 1868 to control traffic on George and Bridge Street, the traffic light was then developed by an American Traffic Signal Company in 1914. These traffic lights were timer controlled or manually switched.[1]
[bookmark: _Toc132916489]Traffic Light Control
Fixed-Time
Fixed-time traffic lights display red and green lights for pre-set periods of time for each direction at the intersection, this functions as programmed whatever the state of traffic on the intersection is. Once the timer finishes, the controller changes the lights either stopping traffic or allowing it to flow. This system is best for intersections with consistent, high-volume traffic in all directions, such as busy city streets.

Timer-based systems are the most common type of traffic light system. However, at intersections where traffic density changes, fixed-time traffic lights are not the most effective solution. 

Smart/Sensor-Activated
Sensor systems function based on the sensors detecting approaching traffic. Typically, the sensor used in traffic control are inductive coils, these coils detect when there is a change in the magnetic field when a vehicle stops above it. Sensors embedded in the traffic lights work similarly, except they use lasers or cameras to detect vehicles. Once a vehicle is detected the system changes the lights to the appropriate colours.

Sensor based systems are sometimes used with timers to detect traffic helping the controller determine how long the lights should remain green in each direction. Some sensor systems are also able to change the lights as emergency vehicles approach the intersection.

Sensor systems are better suited for intersections with changing traffic levels like rural or suburban areas. [2]
[bookmark: _Toc132916490]Similar products
Most of the projects use an Arduino as the microcontroller as they are easy to use and cheap to procure in comparison there are few projects using Programmable Integrated Circuit (PIC) chips, there were also some Programmable Logic Controller (PLC) based projects. 
[bookmark: _Toc132916491]PLC
A PLC would be the less desirable alternative control unit to run the system. PLC were implemented into manufacturing in the late 60’s to replace the hardwired relays that were in use, this allowed many processes to be automated to save time, money and improve worker safety.[3]
When compared with microcontrollers PLCs can be utilised as  standalone devices as they have built in interfaces, whereas a microcontroller has to use external equipment connected to GPIO pins to provide the displays and switches that make up a PLC unit.
The main advantage of a PLC is the easy of operation and programming as they were designed to be “used by both the highly skilled automation experts and factory technicians who have little or no formal training”[4]. Running a diagnostic of the ladder logic programming method is far easier than for the C language that runs on a PIC microcontroller.
A disadvantage of the PLC system is its high operating voltage compared to a microcontroller as this would have increased costs when running the system for extended periods.[5]
[bookmark: _Toc132916492]Arduino 
Arduino is type of microcontroller first produced in 2005 as “an open-source electronics platform based on easy-to-use hardware and software”[6]. The concept for the Arduino was to produce an accessible and easy to use product that could allow anyone to develop a prototype, it was aimed at students as this would be an intuitive system to allow them to learn to develop software.
Since its invention Arduino has become the go to product for hobbyists when developing software and hardware products for use in all aspects of life as such there are many examples of hobbyist traffic control systems developed using Arduino microcontrollers and hardware.
The biggest advantage of the Arduino is the ease of use when it comes to software development when compared with a PIC. However, similarly to the PIC the Arduino has no built-in display, or input/output interfaces; on the other hand, the Arduino has a low operating voltage of 5V which is cheap to run and safe for users.[7]
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I had to model the PIR and Ultrasonic sensors using tinkercad as these two components did not work on the version of proteus I was running. I was unable to add the PIR sensor component to my component library, so I had to model it using buttons to represent to digital output provided by the sensor when a pedestrian approaches the lights, the ultrasonic sensor provided by proteus did not produce an analogue signal therefore I had to replace it with a potentiometer to provide the required analogue signal for the PIC to interpret.
As you can see from the pictures the light is lit when either of the sensors detects motion in their field of view as is intended for the traffic and pedestrian detection.
I started out intending to use the PIC16F877A to control the system, however swapped to the PIC18F45K50 as the 877A did not have enough usable input output pins. I also chose to use an encoder to output the numbers to the 7 segment displays, this allows me to use an array of numbers to count rather than producing hexadecimal values to output as numbers.
I decided to use one input for the pedestrian buttons so that all of the button input into the same pin should a pedestrian be detected, this is also the case for the pedestrian lighting. Each of the lights is run by either the red or green light output at the same time  else the number of inputs and outputs would increase by 24 and would require a bigger PIC or multiple PICs and multiple PICs would be adding extra complexity to the system.
[bookmark: _Toc132916494]Flowchart 
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[bookmark: _Toc132916496]Header file
#include <18F45K50.h>
#device ADC=8

#FUSES PRIMARY               	//Primary clock is system clock when scs=00
#FUSES FCMEN                 	//Fail-safe clock monitor enabled
#FUSES IESO                  		//Internal External Switch Over mode enabled
#FUSES PUT                   		//Power Up Timer
#FUSES BROWNOUT              	//Reset when brownout detected
#FUSES BORV19                	//Brownout reset at 1.9V
#FUSES NOLPBOR               	//Low-Power Brownout reset is disabled
#FUSES PBADEN                	//PORTB pins are configured as analog input channels on RESET
#FUSES T3CKC0                	//T3 Clock In is on C0
#FUSES SDOB3                 	//SDO is on RB3
#FUSES NOMCLR                	//Master Clear pin used for I/O
#FUSES STVREN                	//Stack full/underflow will cause reset
#FUSES NOLVP                 	//No low voltage prgming, B3(PIC16) or B5(PIC18) used for I/O
#FUSES NOXINST               	//Extended set extension and Indexed Addressing mode disabled (Legacy mode)
#FUSES NOPROTECT             	//Code not protected from reading
#FUSES NOCPB                 	//No Boot Block code protection
#FUSES NOCPD                 	//No EE protection
#FUSES NOWRT                 	//Program memory not write protected
#FUSES NOWRTC                	//Configuration registers not write protected
#FUSES NOWRTB                	//Boot block not write protected
#FUSES NOWRTD                	//Data EEPROM not write protected
#FUSES NOEBTR                	//Memory not protected from table reads
#FUSES NOEBTRB               	//Boot block not protected from table reads

#use delay(internal=16MHz)
#define But1	PIN_B0
#define But2	PIN_B1
#define But3	PIN_B2
#define But4	PIN_B3
#define But5	PIN_B4
#define LED1	PIN_E0
#define LED2	PIN_E1
#define LED3	PIN_E2

#use rs232(baud=9600,parity=N,xmit=PIN_d3,rcv=PIN_e3,bits=8,stream=PORT1,errors)

#define LED PIN_E2
#define DELAY 500

214 words

[bookmark: _Toc132916497]Source code 
#include <main.h>

unsigned int Sensor1;
unsigned int Sensor2;
unsigned int Sensor3;
unsigned int Sensor4;
unsigned int PedButt = 0;
unsigned char seg[16] = 21,20,19,18,17,16,9,8,7,6,5,4,3,2,1,0;
unsigned char x;
unsigned int i;

void SensorRead();
void PedButtPushed();
void MakeSafe2Cross();
void Reset4TrafficControl();
void TrafficOneandTwo();
void TrafficThreeandFour();

void main()
{
   setup_adc_ports(sAN0| sAN1 | sAN2 | sAN3, VSS_VDD);
   setup_adc(ADC_CLOCK_INTERNAL | ADC_TAD_MUL_0);

   while(TRUE)
   {    
      output_low(PIN_D3);
      SensorRead();
      if((Sensor1 > 127) | (Sensor2 > 127)){TrafficOneandTwo();output_low(PIN_C1);}
      if((Sensor3 > 127) | (Sensor4 > 127)){TrafficThreeandFour();output_low(PIN_D3);}
      
      if(input(PIN_E0)){PedButt++;}			// increment the value PedButt when the pedestrian button is pushed
	 while(PedButt > 0)
	 {
	    PedButtPushed();
	    delay_ms(2000);					
	    int debug_i = input(PIN_A0);
	    if((Sensor1 < 127) &&				// check the value of each traffic light sensor
	    (Sensor2 < 127) &&
	    (Sensor3 < 127) &&
	    (Sensor4 < 127))
	    {

	       MakeSafe2Cross();
	       delay_ms(2000);
	       output_low(PIN_E2);			// turn off pedestrian Red light
	       output_high(PIN_E1);			// turn on pedestrian Green light
	       output_high(PIN_E3);			// turn on the 7 segment displays
	       for(x=0;x<16;x++)				// for loop increments through the array of values for the pedesatrian countdown
	       {
		  output_B(seg[x]);			// output array index at port b
		  delay_ms(1000);
	       }
	       output_low(PIN_E3);			// turn off the 7 segment displays
	       output_high(PIN_E2);			// turn on pedestrian Red light
	       output_low(PIN_E1);			// ensure pedestrian Green light is off
	    }
	    Reset4TrafficControl();
	 }
   }
}

void SensorRead()
{
   set_adc_channel(0);					// read adc channel 0
   delay_us(30);						// wait 30us
   Sensor1 = read_adc();      				// store value in variable Sensor1
   set_adc_channel(1);					// read adc channel 1
   delay_us(30);						// wait 30us
   Sensor2 = read_adc();      				// store value in variable Sensor2
   set_adc_channel(2);					// read adc channel 2
   delay_us(30);						// wait 30us
   Sensor3 = read_adc();      				// store value in variable Sensor3
   set_adc_channel(3);					// read adc channel 3
   delay_us(30);						// wait 30us
   Sensor4 = read_adc();      				// store value in variable Sensor4
}

void PedButtPushed()
{
   output_high(PIN_E2);					// turn on pedestrian Red light
   output_low(PIN_E1);					// ensure pedestrian Green light is off
   output_high(PIN_C0);					// turn on Amber traffic light 3
   output_low(PIN_C1);					// turn off Green traffic light 3
   output_high(PIN_C6);					// turn on Amber traffic light 4
   output_low(PIN_D0);					// turn off Green traffic light 4
   output_high(PIN_D2);					// turn on Amber traffic light 1
   output_low(PIN_D3);					// turn off Green traffic light 1
   output_high(PIN_D5);					// turn on Amber traffic light 2
   output_low(PIN_D6);					// turn off Green traffic light 2
}

void MakeSafe2Cross()
{
   output_low(PIN_C0);					// turn off Amber traffic light 3
   output_high(PIN_C2);					// turn on Red traffic light 3
   output_low(PIN_C6);					// turn off Amber traffic light 4
   output_high(PIN_D1);					// turn on Red traffic light 4
   output_low(PIN_D2);					// turn off Amber traffic light 1
   output_high(PIN_D4);					// turn on Red traffic light 1
   output_low(PIN_D5);					// turn off Amber traffic light 2
   output_high(PIN_D7);					// turn on Red traffic light 2
}

void Reset4TrafficControl()
{
   PedButt = 0;						// reset the value of PedButt to exit the while loop
   output_low(PIN_E2);					// turn off pedestrian Red light
   delay_ms(3000);
   output_high(PIN_C0);					// turn on Amber traffic light 3
   output_high(PIN_C6);					// turn on Amber traffic light 4
   output_high(PIN_D2);					// turn on Amber traffic light 1
   output_high(PIN_D5);					// turn on Amber traffic light 2	 
   delay_ms(2000);
   output_low(PIN_C2);					// turn off Red traffic light 3
   output_low(PIN_D1);					// turn off Red traffic light 4
   output_low(PIN_D4);					// turn of Red traffic light 2
   output_low(PIN_D7);					// turn off Red traffic light 1
}

void TrafficOneandTwo()
{
   output_high(PIN_D4);					// turn on Red traffic light 1
   output_high(PIN_C2);					// turn on Red traffic light 3
   output_high(PIN_D1);					// turn on Red traffic light 4
   output_high(PIN_D7);					// turn on Red traffic light 2
   delay_ms(1000);
   output_high(PIN_D2);					// turn on Amber traffic light 1
   delay_ms(1000);
   output_low(PIN_D2);					// turn off Amber traffic light 1
   output_low(PIN_D4);					// turn off Red traffic light 1
   output_high(PIN_D3);					// turn on Green traffic light 1
   delay_ms(5000);
   output_low(PIN_D3);					// turn off Green traffic light 1
   output_high(PIN_D2);					// turn on Amber traffic light 1
   delay_ms(1000);
   output_high(PIN_D4);					// turn on Red traffic light 1
   output_low(PIN_D2);					// turn off Amber traffic light 1
   output_high(PIN_D5);					// turn on Amber traffic light 2
   delay_ms(2000);
   output_high(PIN_D6);					// turn on Green traffic light 2
   output_low(PIN_D7);					// turn off Red traffic light 2
   output_low(PIN_D5);					// turn off Amber traffic light 2
   delay_ms(5000);
   output_low(PIN_D6);					// turn off Green traffic light 2
   output_high(PIN_D5);					// turn on Amber traffic light 2
   delay_ms(1000);
   output_high(PIN_D7);					// turn on Red traffic light 2
   output_low(PIN_D5);					// turn off Amber traffic light 2
   output_high(PIN_D2);					// turn on Amber traffic light 1
   delay_ms(1000);
   output_low(PIN_D2);					// turn off Amber traffic light 1
   output_high(PIN_D3);					// turn on Green traffic light 1
   output_low(PIN_D4);					// turn off Red traffic light 1
}

void TrafficThreeandFour()
{
   output_high(PIN_D4);					// turn on Red traffic light 1
   output_high(PIN_C2);					// turn on Red traffic light 3
   output_high(PIN_D1);					// turn on Red traffic light 4
   output_high(PIN_D7);					// turn on Red traffic light 2
   delay_ms(1000);
   output_high(PIN_C0);					// turn on Amber traffic light 3
   delay_ms(1000);
   output_low(PIN_C0);					// turn off Amber traffic light 3
   output_low(PIN_C2);					// turn off Red traffic light 3
   output_high(PIN_C1);					// turn on Green traffic light 3
   delay_ms(5000);
   output_low(PIN_C1);					// turn off Green traffic light 3
   output_high(PIN_C0);					// turn on Amber traffic light 3
   delay_ms(1000);
   output_high(PIN_C2);					// turn on Red traffic light 3
   output_low(PIN_C0);					// turn off Amber traffic light 3
   output_high(PIN_C6);					// turn on Amber traffic light 4
   delay_ms(2000);
   output_high(PIN_D0);					// turn on Green traffic light 4
   output_low(PIN_D1);					// turn off Red traffic light 4
   output_low(PIN_C6);					// turn off Amber traffic light 4
   delay_ms(5000);
   output_low(PIN_D0);					// turn off Green traffic light 4
   output_high(PIN_C6);					// turn on Amber traffic light 4
   delay_ms(1000);
   output_high(PIN_D1);					// turn on Red traffic light 4
   output_low(PIN_C6);					// turn off Amber traffic light 4
   output_high(PIN_C0);					// turn on Amber traffic light 3
   delay_ms(1000);
   output_low(PIN_C0);					// turn off Amber traffic light 3   
   output_low(PIN_C2);					// turn off Red traffic light 3
   output_high(PIN_C1);					// turn on Green traffic light 3
}

927 words
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CCS
I used the CCS C Complier software to produce the header and source files for the assignment.
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Proteus 8 Professional
I used proteus to wite the code and simulate the circuit.
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[bookmark: _Toc132916499]Parts List 
To make the construction of the system cheap one option for lighting is to use LED lights as they generally cost less than £1 unless you aim for the types with larger power consumption, the bi-colour LEDs cost slightly more than the standard monochromatic LEDs as they require more specialised manufacturing but still come in under £3. An alternative option is to buy a premade light unit which just requires a power and signal wire running to the unit, the drawback of this solution is the cost associated with purchasing the equipment.
Red, Amber, & Green LEDs[8] – <£1
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Red/Green Bi-colour LEDs[9] - <£3
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Red/Green Traffic Light LED Beacon[10] - £200
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Signal Tower[11] - £250
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The sensors implemented in the system range in cost depending on the complexity of the unit. A PIR sensor with a sensor radius from 2-10m has a price range from £20 to £300. This price range depends on the ability of the sensor and the completeness of the unit, some have very poor sensitivity and are not suitable to be used in an outside environment. 
PIR Sensor[12] - ~£90
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Ultrasonic ranging sensors are more expensive than ultrasonic detection only sensors as there is more expensive equipment carrying out more processes to determine the range of an object. There are similar reasons for the range in prices in ultrasonic sensors as with the PIR sensor.
Ultrasonic Sensor[13] - ~£300
[image: ]

[bookmark: _Toc132916500]Details of testing
I have used Proteus to simulate the operation of the system to test the functionality of the code I have written. As stated previously I have been unable to use some parts due to the software as such I have had to find alternative components to provide a representative input to the system.
Once the button is pushed to represent the PIR sensor detecting an approaching pedestrian the software beings the process of allowing the pedestrian to safely cross the road. This process begins by checking each of the traffic light sensors to establish the density of the traffic, if all of the sensor readings are below 127 the traffic lights go red and then the pedestrian lights go green, and the countdown starts.
The speed of this sequence is determined by the speed of the for-loop operation which provides the countdown, the light operations for pedestrians and traffic are dependent on the for loop executing fully before they can perform anymore operations.
The traffic lights operate in pairs based on the sensor pair values. If either of the sensors in the pair exceed 127 the traffic lights perform the lighting sequence 5 seconds apart, the system then reads the value of the other pair of sensors to determine whether or not to operate the second pair of traffic lights. This functionality continues in the main loop until the simulation is stopped, or the pedestrian function is allowed to operate.
[bookmark: _Toc132916501]Conclusion
If I were to carry out this work again using a PIC microcontroller, I would use a simulation software that could represent the PIR and Ultrasonic sensors so that I could provide a better representation of the system while simulating. I could provide some realistic scenarios and gain more meaningful outputs from the simulations while testing. 
If I reproduced this circuit and code next time, I would create functions in the code which ensure the traffic lights and pedestrian lights all turn on the correct colours at the correct time. I would create rules that ensure the green and red lights cannot be on at the same time in the same traffic light and the pair of traffic lights are not displaying the same colour of light at the same time.
These rules could have helped me to cut down on the lines of code needed to produce the code for the system. I may have been able to use better C functions to simplify the code further and reduce memory usage.
I could use a PLC or Arduino to control the system for ease of programming and to allow for an easy production as both of these controllers have dedicated inputs and outputs. However, I could only simulate some functionality of the Arduino on tinkercad and I could only run the programme for the PLC and see it operate the inputs and outputs on the ladder on the screen.
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void main()

setup_adc_ports(sANG | sA1 | sAN2 | sAN3, VSS_VDD);
Setup_adc(ADC_CLOCK_INTERNAL | ADC_TAD_MUL_0);

while(TRUE)
{
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¢ main.c | =y main.n®
1] #include <18FasK50.h>
2| #device ADC=B
3
4| uruses pRINARY //Primary clock is system clock when scs=68
5| #FUsEs FOEN //Fail-safe clock monitor enabled
6| uFuses Tes0 //Tnternsl Externsl Switch Over mode ensbled
7| uruses puT //Power Up Timer
8| #FUSES BROWNOUT //Reset when brownout detected
9| #FUSES BoRV1S. //Brownout reset at 1.9V
16| #FUSES NOLPBOR //Low-Power Brownout reset is disabled
11| #FUSES PBADEN //PORTS pins are configured as analog input channels on RESET
12| #FUSES T3CKco //T3 Clock Tn is on C8
13| #FUSES SDOB3 7/500 is on RE3
14| #FUSES NOMCLR //Master Clear pin used for 1/0
15| #FUSES STVREN //Stack full/underflon will cause reset
16| #FUSES NOLVP //No 1ow voltage prgming, B3(PIC16) or BS(PIC18) used for 1/0
17| #FUSES NOXINST //Extended set extension and Indexed Addressing mode disabled (Legacy mode)
18| #FUSES NOPROTECT //Code not protected from reading
19| #FUSES NOCPB //No Boot Block code protection
20 | #FUSES NOCPD //No EE protection
21| 4FUSES NOWRT //Program memory not write protected
22| HFUSES NOWRTC //Configuration registers not write protected
23| HFUSES NOWRTB //Boot block not write protected
24 | HFUSES NOWRTD //Data EEPROM not write protected
25 | HFUSES NOEBTR //memory not protected from table reads
26 | #FUSES NOEBTRB //Boot block not protected from table reads
27
28 | #use delay(internal=16Mz)
29 | udefine Butl PINBO
38| gdefine But2  PIN BL
31| gdefine Buts  PIN B2
32| gdefine Buta  PIN B3
33| sdefine Buts  PIN B4
34| gdefine LEDL PIN E0
35| gdefine LED2  PINEL
36| #define LED3  PIN E2
37
38 | suse rs232(baud=9600,parity=N,xmit=PIN_d3,rcv=PIN_e3,bits=8,stream=PORTL, errors)
39
40 | udefine LED PIN_E2
41| #define DELAY 500
a2
a3
an
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unsigned char x;

unsigned int Sensorl;
unsigned int Sensor2;
unsigned int Sensor3;
unsigned int Sensord;
unsigned int PedButt = 0;
char seg[16] = 21,20,19,18,17,16,9,8,7,6,5,4,3,2,1,0;

10 unsigned int i;
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12 void main()

13 {
14
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19
2
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24
25
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27
28
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30
31

BYLERBR

setup_adc_ports(sAN@ | sAN1 | sAN2 | sAN3, VSS_VDD);
setup_adc (ADC_CLOCK_INTERNAL | ADC_TAD_MUL_6);

while(TRUE)

{
set_adc_channel(e);
delay_us(30);
Sensorl = read_adc();
set_adc_channel(1);
delay_us(30);
Sensor2 = read_adc();
set_adc_channel(2);
delay_us(30);
Sensor3 = read_adc();
set_adc_channel(3);
delay_us(30);
Sensora = read_adc();

output_low(PIN_D3);
output_high(PIN_C1);
output_high(PIN_DO);
output_high(PIN_D3);
output_high(PIN_D6);
if(input(PIN_EG)){PedButts++;}

while(PedButt > 0)

{

output_high(PIN_E2);
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// read adc channel @
// wait 30uS

// store value in variable Sensorl
// read adc channel 1

// wait 30uS

// store value in variable Sensor2
// read adc channel 2

// wait 30uS

// store value in variable Sensor3
// read adc channel 3

// wait 30uS

// store value in variable Sensor4

// turn on Green traffic Light 3
// turn on Green traffic Light 4
// turn on Green traffic Light 2
// turn on Green traffic Light 1
// increment the value PedButt when the pedestrian button is pushed

// turn on pe'deftl_'ianﬂked Light o
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#include <18F45K50.h>

#devic
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=main.c [

e ADC=8

PRIMARY
FCMEN
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PUT
BROWNOUT
BORV19
NOLPBOR
PBADEN
T3CKCO
SDOB3
NOMCLR
STVREN
NOLVP
NOXINST
NOPROTECT
NOCPB
NOCPD
NOWRT
NOWRTC
NOWRTB
NOWRTD
NOEBTR
NOEBTRB

#use delay(internal=16MHz)

#define LED PIN_E2
#define DELAY 500

//Primary clock is system clock when scs=00

//Fail-safe clock monitor enabled

//Internal External Switch Over mode enabled

//Power Up Timer

//Reset when brownout detected

//Brownout reset at 1.9V

//Low-Power Brownout reset is disabled

//PORTB pins are configured as analog input channels on RESET
//T3 Clock In is on O

//SD0 is on RB3

//Master Clear pin used for I/0

//Stack full/underflow will cause reset

//No Low voltage prgming, B3(PIC16) or BS(PIC18) used for I/0
//Extended set extension and Indexed Addressing mode disabled (Legacy mode)
//Code not protected from reading

//No Boot Block code protection

//No EE protection

//Program memory not write protected

//Configuration registers not write protected

//Boot block not write protected

//Data EEPROM not write protected

//Memory not protected from table reads

//Boot block not protected from table reads
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