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	Ω
	Ohms

	%
	Percent

	AC
	Alternating Current

	DC
	Direct Current

	ms
	Milli-seconds

	Hz
	Hertz

	I/O
	Input/Output

	DIS
	Distributed Intelligence Systems

	ITAF
	International Automotive Task Force

	ISO
	International Organization for Standardization 

	BSI
	British Standard International








C2 - Confidential

	[image: ]
	Electrical and Electronic Engineering 
Distributed Intelligence systems
ACDA5018





[bookmark: _Toc184822906][bookmark: _Toc188521967]Table 1 Abbreviations, Acronyms and Units table
  
Page 1 of 1         |                                       [Robbie Herbert]                                 |                       [2405914]

[bookmark: _Toc197070142]Introduction 
Distributed intelligence systems are systems which work together. One of the simplest ways to explain a Distributed Intelligence System is to explain it as a cars light [1]. When a light on a car has a fault such as an indicator, the intelligence will cause another light to flash instead of the indicator [1]. The system will be able to solve complex problems and are much more sophisticated than systems which use only a single processing unit. Collaboration between the system means that a DIS can work in complex environments when they are set up correctly [1]. DIS can solve complex problems from interactions that have happened [1]. 
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[bookmark: _Toc197070087]Figure 1 Distributed intelligence Example [6]







[bookmark: _Toc197070143]Background Research 

Distributed Intelligence Systems are needed in society [2]. These types of systems are used in many applications such as multi-Agent systems [2]. A multi agent system example would be that of a robot, this robot could be used as autonomous exploration or for surveillance [2]. Other applications of DIS would be for examples of Swarm intelligence, this would be traffic light systems for example [2]. DIS are also used within Smart Grid systems. The DIS will be able to increase efficiency within distribution of power due to the use of Smart Meters [2]. Although only in certain places, DIS are used within Smart Cities, smart cities will consist of networks of sensors, transportation which is autonomous and then finally monitoring the environment within the city [2]. Finally, another application of distributed intelligence systems is within healthcare [2]. The DIS will help to support a decision of a doctor based on evidence with driven diagnosis from the system [2]. Below can be seen three different communication methods between distributed intelligence systems. 
[bookmark: _Toc197070144]Point-to-Point Transmission 

The Point-to-point transmission is direct message transfer, this will occur within a specific network [3]. Point-to-point communication is used because it ensures that one part of the system will communicate with only one other having a clear link between the two of the components [3]. 
The point-to-point transmission that is used in distributed intelligence systems is incredibly important [3]. As a result of the reliability that is ensured from the direct connection between the components the system will be able to run more efficiently and effectively depending on the configuration/complexity of the system [3]. Due to the components being connected to each other directly, there is less chance of loss or corruption of messages. [3] 
Applications of point-to-point communication systems are: 
Voice over internet calls with use of a Wi-Fi/broadband connection. Online gaming is also used with point-to-point transmission, this is completed by transmitting and receiving from the wi-fi/broadband [3]. Mass file transfers are also completed by point-to-point communication. Finally, remote desktop communication can be done by point-to-point communication. [3]
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[bookmark: _Toc197070088]Figure 2 Point to Point Example [8]
[bookmark: _Toc197070145]Point to Multipoint transmission.
The second type of transmission is the point to multipoint transmission [4]. This type of communication is used within one single sender of data with a multitude of data receivers [4]. This type of communication is designed to be either wired or wireless depending on the application [4]. All points of communication systems will be able to talk to each other [4]. 
The receivers of this network are all tuned to the same frequency network to be able to receive the data and process what data has been received [4]. This type of communication is extremely useful with the infrastructure as the communication method can help with saving on cost [4]. Resources are also maximised as the data can be received and transmitted from all uses of the multipoint system [4]. There are also many users which will be able to use this system which helps that choice of this communication method if it is being implemented in a workplace [4]. Reliability is another large factor for point to multipoint [4]. These types of communication systems have backups. If a transmitter has failed, then another one of the transmitters can be used for the users [5]. 
Applications of the point to multipoint are: 
Point-to-multipoint systems are commonly used within broadcasting [5]. This is used as there is an array of networks which need to be communicated to when broadcasting [5]. Similarly, videoconferencing and teleconferencing because of the number of users within the call [5]. 
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[bookmark: _Toc197070089]Figure 3 Point to Multipoint example [8]
[bookmark: _Toc197070146]Multi-Master transmission system 

The final type of communication that is common within distributed intelligence systems is the Multi-Master transmission system [7]. The Multi-Master is a typical system when used in I2C and CAN bus networks[7]. The multi-Master transmission includes many features, some of which are several originators, any of the masters can start communication to make things quicker instead of waiting for the single master to start the communication[7]. All the masters within the circuit can accept read or write processes in conjunction with each other [7]. As seen in the figure below the user of the system can read/write on any of the masters that are available [7]. All the data that is within the nodes is the same as it is replicated so the user can switch or use on master knowing that the others are identical [7].
There are many advantages that come with the Multi-Master, the first advantage of which is the tolerance the system has to a fault [7]. Due to the availability for the user, the automatic switching to a backup system, and no single end point to fail at [7]. Another advantage that the Multi-Master has is that the scalability of the communication technique is high [7]. As the multi-master will be able to be written on simultaneously by sources/users [7]. Among others a final advantage is flexible maintenance, although the masters are connected, the master can be taken offline to be worked on with the other masters continue as intended [7]. 
Some applications of the Multi-Master include E-commerce, finance, gaming, and telecommunication [7]. Within E-commerce the Multi-Master will be able to give stock check updates in real time with accurate completion of the orders. Within finance the Multi-Master can distribute financial data geographically [7]. The Multi-Master is also used in gaming online, the Multi-Master ensures the consistency of the gameplay and the data within the servers which are in different geographical locations [7]. Finally, the Multi-Master is a part of telecommunication, the Multi-Master will help the needs that networks require [7]. The Multi-Master will help to manage the data of the customer and keep consistent when the calls are at their peak within the day [7].
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[bookmark: _Toc197070090]	Figure 4 Multi-Master Example [7]	




[bookmark: _Toc197070147]Main Body 
Within the main body will be the design and development of the distributed intelligence system. The design will show exactly how the system looks and explain why. the development will show the code through updating and improvements for the system to do what is wanted for the system. Brief explanations of each component used will also be stated. Within the development, reasons as to why the code is changing will also be stated. Flow Chart to show the working of the system below.
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[bookmark: _Toc197070091]Figure 5 Flow Chart

[bookmark: _Toc197070149]Design 

Within the design of the distributed intelligence system, there is a representation of a corner of a rear car light. This includes an indicator, a fog light, reverse light and a brake light. These all will work in separate ways. The regular light will stay on constantly. An indicator will flash three separate times when a button is pressed then stop flashing. The fog light will come on when a button is pressed, this light will stay on until the button is pressed for a second time and will turn off. Finally, the reverse light. This will work only when the button is pressed and stays depressed. The light will turn off when the button is not pressed.
There will be an equal number of buttons for the lights to complete their operation. For example, the reverse button will be connected to a PIC with connections on the second PIC to the reverse light. When the button is pressed and held the light will come on and stay on, then when the button is released, the light will turn off. 
Within the design there will be, two PIC microcontrollers which are used. One of the PIC controllers will be used as a slave, whereas the other PIC will be used as a Master. These PICs will use RS232 as their communication type. Although it is not as fast as I2C or SPI the reason this was chosen is because of the reliability for transmission. As the connections are direct there will be less chance of data loss for the controllers to communicate. 
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[bookmark: _Toc197070092]Figure 6 Proteus light corner Design.
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[bookmark: _Toc197070150]Development 

Within the code to start is the slave PIC. This uses RS232 connections for the communication between the two PIC18F4550. The following code has been developed so the system works correctly. 
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[bookmark: _Toc197070093]Figure 7 Main.C Master
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[bookmark: _Toc197070094]Figure 8 Main. C Master 2
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[bookmark: _Toc197070095]Figure 9 Main. C Master 3
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[bookmark: _Toc197070096]Figure 10 Main. C Slave
Within the code there are two main.C files. One for each of the PIC controllers. The slave PIC has the smaller code, and the master has the larger code. Comments within the code explain what is happening, however a small explanation of the operation of the system can be seen below. 


[bookmark: _Toc197070151]Master
The master within the code will also have another PIC18F4550 attached within the code and the design. The PIC master code will define all the PINs for the LEDs, and update the LEDs based on the status of the keys. However, the flash will be controlled by a timing control sequence using a timer named ISR. The key reader function will then read the bits to control the LEDs. The next piece of code will control the indicator to flash 5 times over 3 seconds and then turn off once the sequence is complete. The reset will then take place after 500ms as a safety feature. Within the main loop of the code the baud rate is stated as 9600 baud. There is then a timer enabled and interrupts. The while true loop will not do anything if no button is pressed due to the “kbhit” statement. Otherwise, when a button is pressed the fog light will latch and the indicator will flash. The next section is the actual output control of the LED, all LEDs will clear their outputs, then due to their intended use the brake and reverse will be momentarily on, the fog light will latch and turn on and the indicator is handled in previous code. Finally, there is a key reader which will read the keys for the master which will keep bits that are in both the input and mask. 
[bookmark: _Toc197070152]Slave 
The slave PIC18F4550 has the buttons attached within the code and physically connected to the slave.  The slave will read the state of the buttons and find changes within the states of the buttons. The slave will also set up the UART baud rate to the master with the B ports as inputs. Within the while loop then, the states of the buttons will be read then sent over the UART connection. Finally, the slave will read port B and return the values from the mask. 
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[bookmark: _Toc197070097]Figure 12 Indicator.
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[bookmark: _Toc197070098]Figure 13 Fog Light.
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[bookmark: _Toc197070154]Conclusion
[bookmark: _Toc197070155]Analysis 
Looking at the design, more things could have been implemented. Another corner may have been able to be implemented. However, as the code is large already, more code around the same size will have had to be developed. Although the code is there already, changing certain parts of the code to suit the modern design may have brought in errors. More code would have been needed because if the code was left the same and the design had only added the input to the lights then the indicators would flash at the same time, this is not intended as a hazard light. As the specification was a single corner for a car the intended design and development works well by having the buttons on the Master microcontroller work well with the LEDs on the Slave microcontroller.  
[bookmark: _Toc197070156]Quality Management
To improve quality of the design that has been created what could be done is testing if a light has failed. If a light fails then another light can be told to flash instead of the original light which will help the quality of the design. This would work with all the lights and help to indicate that something needs to change on an LCD screen. To also improve quality of the design/development, there are comments in portion of the code. The comments are to improve the readability of the code making sure that people understand what is happening and why it has happened. 
[bookmark: _Toc197070157]Regulations/standards 
With this project there are underlying standards which will play their part to the safety of the person operating and the safety of the car with the light cluster. The standards and regulations are used to ensure quality work and the safety of the software used [10]. Within the quality management there is IATF 16949, the global standard for the quality of automotive compliance and certification [10]. This standard also includes ISO 9001, which is to reduce the waste and defects within the supply chain to improve the quality of automotive products. To also improve quality there is ISO 26262-1:2018, this is used to improve safety of the electrical/electronic systems within the cars including the microcontrollers software [10]. This however is soon to be replaced by ISO/AWI 26262-1 [10]. 
[bookmark: _Toc197070158]Continuous Improvement
Continuous improvement is done over a long period of time, the improvements that are completed are small but hold weight and improve on certain things such as quality mentioned previous, safety and even cost [11]. Kaizen is the most well-known way of continuous improvement and fits into the automotive theme. As seen below there is continuous improvement that can be done for this project to make sure that the product improves for the people who would purchase the product [11]. 
Within the code and the proteus design there are a few things which can be done to improve the design and development of the corner light design. Although the RS232 is a viable choice of communication method, it is old and higher speed interfaces are coming around depending on the actual product/application that is being made there are better options. For this case, the point-to-point application that the RS232 offers is good, however Bluetooth could be used to increase the functionality of the lights, offering more lightweight solutions with Bluetooth. Light type is also another improvement however this cannot be done on proteus. To improve the code the comments could be on every line to explain exactly what is happening with each of the lines of code. Using input from others is also a part of Kaizen which could be used to find errors and find solutions for the defects to improve reliability and how a product works. Other improvements that can be done to this system are some software improvements such as a light that will come on when it is dark, to simulate this an LDR could be used, and software included to show when the LDR is dim the light will be powered. 
Other improvements that can be done are the hardware, improving the signal integrity is a need for car lights, one improvement could be to include twisted pair, this will improve the noise around the wires which will minimise electrical interference. Another improvement would be to include a MOSFET, this can be used to run higher power LEDs  for people to see in fog or heavy rain. 
[bookmark: _Toc197070159]Report 
Within this paper, there were a few methodologies used to complete the task. With use of the CRAAP testing method the information gathered for background, point-to-point, point-to-multipoint and Multi-Master transmission. All the references which can be seen below were CRAAP tested to make sure that they would suit this paper with currency and relevancy. Comparing these sources to other similar sources was also done to make sure that the references used within this paper are verified and have relevant information. With the design and development of the proteus file and the code, a derivative of the Lean methodology has been used in the agile methodology. The reason for the method used is because the steps of the methodology match up with how it could be done in the workplace when carrying out a similar task. 
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mainh @ main.c £
#include <main.h>
/7 - - Pin Definitions -
#define BRAKE_LED  PINBO  // -> Brake Light output
#define FOG_LED PINBL // -> Fog Light output
#define TNDICATOR_LED PIN B2 // -> Turn indicator output
#define REVERSE_LED PINB3 // -> Reverse Light output
’* Function Prototype - 4
void update_lights(void); // Updates LED outputs based on inputs and Latches
’x ey Status Variables -
unsigned int key_status 5 // Current momentary key state
unsigned int prev_key_status = 0; // Previous key state
unsigned int fog_latch 5 // Fog Light toggle state
’* Flash Timing Control. -
unsigned int flash_counter 5 // Flash timing base (Timer2 ISR)
unsigned int indicator_active = 8; // Active flag for 5-sec indicator flash
unsigned int indicator_timer = 6; // Counts 166ms intervals (up to 55)
unsigned int indicator_on 5 // Current indicator LED state
’* Key Reader Function 2
unsigned int read_keys(unsigned int mask); // Reads Lower 4 bits of PORTA
/* Tiner? Interrupt (26ms) - 4
SINT_TIMER2
Jvoid TIMER2_isr(void) {
Flash_counter++;
// -== Indicator flashing: 5 seconds at 100ms toggle ---
if (indicator_active) {
if (flash_counter >= 5) { // 166ms elapsed
Flash_counter = 0;
if (indicator_on) {
‘output_low(INDICATOR_LED)
indicator_on = 0;
} else {
output_high(INDICATOR_LED);
indicator_on = 1;

Ly

indicator_active = 0;
indicator_timer = 0;
output_low(INDICATOR_LED); // Ensure LED is off

¥
3
// --- Reset flash counter after Sooms for safety ---

if (flash_counter >= 25)
Flash_counter = 0;
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47

4/ - Hain Application Entry -
49 Elvoid main() {

s0 setup_uart (9600); // UART @ 9600 baud

s1 Setup_timer_2(T2_DIV_BY_16, 249, 10); 7/ Timer2 = 2oms

52 enable_interrupts(INT_TIMER2) /7 Enable Timer2 Isk

53 enable_interrupts (GLOBAL) 77 Enable global interrupts
54E]  while (TRUE) {

ssE 1F (Kbhit()) {

56 unsigned int received_keys = getc();

57 key_status = received_keys;

B 7/ ==~ Fog Light toggle (key B) ---

59 iF ((received_keys & 0x02) 88 | (prev_key_status & 0x02)) {

50 fog_latch = Ifog_latch;

51 3

62 7/ ~-- Turn indicator flash start (key C) ---

&E £F ((received_keys & 0x04) 88 |(prev_key_status & 0x04)) {

4 indicator_active

65 indicator_timer = 0;

66 3

67 prev_key_status = received_keys; // Save current st
65 update_lights(); /7 Bpply changes to LEDS

6 3

7 3

n o3

2 - LED Output Control - 4

73 Elvoid update_Lights(void) {

7 // —- Clear all LED outputs -
75 output_low(BRAKE_LED);

7 output_low(FOG_LED) ;

7 output_low(INDICATOR_LED);

75 output_low(REVERSE_LED) 5

7 /7 —-Brake Light: momentary (key A) -~
80E  if (key_status & oxel) {

51 output_high(BRAKE_LED);

82 3

5 J/ - Fog Light: Latched toggle -~
88  if (fog_latch) {

85 outpit_high(FOG_LED);

86 3

57 7/ -~ Indicator handled by ISR ---

5

59 // -~ Reverse Light: Latched toggle ---

90 E  if (key_status & 0x08) {
01 output._high(REVERSE_LED);
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55
% /7 PORTA Key Reader - K
57 Elunsigned int read_keys(unsigned int Mask) {
E unsigned int val = input_a();

59 return val & Pask;

100 }
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manc ) mainc @
1osinclude amainh>
2 Function Prototype 2
3 // Reads specified bits from PORTS using a bitmask
4 _unsigned int read_keys(unsigned int Mask);
5 Elvoid main() {

5 unsigned int keys = 0 // Current state of buttons A-D
7 unsigned int last_keys = 05 // Previous state fo detect changes

5 Setup_uart(9600) 5 7/ Set up UART communication at 9600 baud

s set_tris_b(oxoF); 7/ Set RBO-RB3 as inputs (buttons A-D), rest as outputs
108 while (TRUE) {

1n // -~ Read Lower 4 bits (REG-RS3) for button states ---

2 keys = read_keys(ex0F);

13 // -~ If button state changed, transmit new state ---

18 if (keys != last_keys) {

15 putc(keys); // Send current button state over UART

16 last_keys - keys;  // Update Last known state

17 delay_ms(50); 7/ Simple debounce delay

1 3

1 3

2 3

2 /v - PORTS Key Reader - v
22 // Reads PORTS and returns only the bits defined by the mask
23 Elunsigned int read_keys(unsigned int Mask) {

2 unsigned int val = input_b();

2 return val & Pask;

% )
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