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[bookmark: _Toc170818474]Literature Comparison
Both prior works yield useful insight into how the aims of our project can be achieved. Regrettably, scarecrows have no effect on humans and fences are expensive, so building an electronic device of some description is justified. Ideally our device would not require a subscription to operate, so it can be deployed for long periods of time, and distinguishing between different heights is not necessary because it only needs to detect movement and not form. 
The aim is for the system to function independently of human oversight, although due to cost and time constraints it won’t be possible to automatically determine the identity of the human intruder. Because of this constraint, video cameras won’t be feasible to implement, so just using PIR sensors is perfectly suitable for our purposes. 
Considering the aim for no ongoing subscriptions, GSM won’t be a suitable method of alerting the facility owner of an intrusion because cellular mobile connections require a regular payment to operate. Therefore, we’ve explored alternative reliable radio communication technologies in the next section.
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[bookmark: _Toc1619388524][bookmark: _Toc170818476]Radio Module Comparisons
The system will require some form of wireless communication, so two different radio modules were compared. The first module is the FS1000A, which a simple amplitude-modulated one-way design operating at 433MHz. According to its datasheet, the range is dependent on the supply voltage, and is approximately 20 meters at 3 volts. This is much shorter than an ideal range of at least 100 meters, and boosting the supply voltage would increase power draw. Furthermore, an amplitude modulated signal means the communication is more susceptible to interference, which is undesirable for an alarm system where reliability is paramount.
The second radio module, the RYLR896, utilises LoRa technology to achieve multiple kilometres of range by frequency-modulating the signal. This is possible because changes in frequency are much easier to distinguish from interference as opposed to changes in amplitude. As a result, this module is far more suitable for our system, the chances for messages to be received successfully received by the base station is greatly improved. The operating frequency is also much higher, at 868MHz, which possibly contributes to the data rate being much higher than that offered by the FS1000A. Additionally, each RYLR896 module can both send and receive signals, potentially allowing for mesh network topologies to repeat messages from other nodes, further increasing range and reliability. We will therefore be choosing this module for use in our alarm system.


	Device
	RYLR896 
	FS1000A

	Range
	4.5-15km
	20-200m (depending on supply voltage)

	Speed
	115200 baud
	4KB/s

	Bidirectional
	Yes
	No

	RF Power
	15dBm
	10mW

	Modulation
	FM
	AM

	Frequency
	868MHz
	433MHz

	Datasheet
	See [1]
	See [2]


[bookmark: _Toc167972079]Table 1. Summarised comparison of radio modules.

[bookmark: _Toc170818477]Programming Language Comparison
Since our circuit makes use of a PIC microcontroller to process digital information, it would be necessary to write some software to control its behaviour. Initially we considered the possibility of writing the software in native Assembly instructions.
While Assembly could work, complex operations are difficult to implement due to the verbose nature of processor instructions, as the programmer must tediously write every single step involved. Consequently, controlling peripherals by precisely manipulating file registers and even writing simple flow control becomes quite challenging, with the resulting code being difficult to read by a human. This would therefore constrain the system's complexity.
Then we explored the possibility of using MicroPython, which offers a friendly development environment for microcontrollers. Some PICs are supported [3], however the minimum requirements state it would need to possess relatively vast amounts of memory [4], which is expensive and would significantly increase the material costs.
Eventually we settled on using C, as it struck a balance between readability, performance, and features. C was designed when computers had limited resources, which make it perfect for operating within the constricted memory of microcontrollers, while still abstracting enough complexity for a human to easily follow the program’s behaviour.
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[bookmark: _Toc170818479]Receiver
A 30-byte character buffer is reserved in global scope so that all functions can store and access incoming radio messages. This isn’t currently used in the receiver, but in future versions it may process LoRa messages to identify which specific node has sent the message, which it could then show on a screen or trigger some node-specific behaviour. For example, the pattern of beeps could be determined by which node has sent the intrusion alert.
The first thing done by the receiver is to invoke our LoRa radio setup function, passing the unique address for this node as an argument. Among other things, this will configure the radio’s address to be 1. All transmitters are programmed to send their messages to address 1, which is the receiver. Following successful initialisation, a short beep is emitted, and the onboard LED are turned on to indicate the device is armed.
Then the PIC enters an infinite loop to wait until the radio reports an incoming message over RS232. Currently any communication from the radio will trigger the alarm, because the radio will only alert the PIC when a message is received, there is only one transmitter capable of generating that message.
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[bookmark: _Toc170818480]Transmitter
There are some notable differences with the code running on the transmitter. Firstly, a different node identifier and address are specified. No two LoRa radios may occupy the same address, and the identifier is a human-readable name for this particular device.
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The LoRa setup proceeds as normal. A 90 second wait period is included afterwards so the PIR sensor has enough time to stabilise. This period is requested by the datasheet, so a busy loop is included to indicate the PIC is waiting by blinking the LED. Once the PIR sensor has been given enough time to calibrate, the blinking stops, and a short beep is emitted to indicate the device is armed. The LED is kept off to conserve battery power.
The PIC then enters a loop to wait until any of the PIR sensors detect a person. Once this happens, a message is prepared by copying text to the global buffer. In this case, NODE_ID is “North Fence”, so the buffer will contain “North Fence alarm tripped!”. Next, our routine for transmitting messages to the base station is invoked, which reads from the buffer and instructs the radio to send the message.
Following transmission of the message, there is a minimum 5 second wait period to prevent the message from being sent repeatedly. Additionally, if the PIR sensor does not reset within the 5 second period, the PIC will continue waiting until it does. This behaviour is to minimise the number of duplicated transmissions and reduce the chance for message collision if multiple nodes were to transmit simultaneously.
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[bookmark: _Toc170818481]My reflection
This project has been an invaluable learning experience for me, for a number of technical and organisational elements. Before this project I’d never created a PCB before, never used PIC microprocessors in a real circuit, and had little experience working with others. All of my skills in these areas have improved significantly.
When the PCB was being manufactured, I’d accidentally omitted one of the copper layers in the zip file we gave to the fabricator. This led to the backside of the transmitter boards being blank, forcing us to spend extra time carefully soldering the topside. When the boards were assembled, I then spent multiple days troubleshooting why the PIC wasn’t functioning due to my unfamiliarity with the platform, which cost a lot of valuable assembly time. While I did manage to get it working reliably in the breadboard, it did not work properly in the PCB, and there wasn’t any remaining time to both fully troubleshoot the hardware and adjust the code to get the peripherals working. In future, I will make sure to allow proper time for troubleshooting unforeseen problems, especially when using unfamiliar equipment.
Aside from technical aspects, I also learnt a lot about how to work as a member of a team. The vast majority of my prior professional and personal work has been solo endeavours, and this project has prepared me for how to interact with other team members to achieve more than would be possible by myself.
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8#include <main.h>

9 #define NODE_ID "Basestation" // Name for this particular node
10 #define NODE_ADDR 1 // Unique numeric identifier for this node
11

12 char buffer[BUFFER_LENGTH]; // Allocate a global text buffer
13

14 int main() {

15 // Main logic

16 // Written by: Daniel

17 lora_setup(NODE_ADDR); // Initialise radio

18

19 beep(); // Ready beep

20 output_high(ARMED_LED); // Show device is active

21

22 while (TRUE) {

23 if (message()) { // Check for a message
24 beep_long(); // Message alert beep
25 3

% )

27}
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8#include <main.h>
9 #define NODE_ID "North Fence" // Name for this particular node
10 #define NODE_ADDR 2 // Unique numeric identifier for this node
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// 90 second wait for HC-SR501 to initialise, required according to its datasheet
for (int i=0; i<90; i++) {
// Blink every second to indicate device is initialising
output_high(ARMED_LED) ;
delay_ms(200);
output_low(ARMED_LED) ;
delay_ms(860);
¥

beep(); // Ready beep

while (TRUE) {
if (person_detected()) {
// Person trespassing!
strcpy(buffer, NODE_ID m tripped!"); // Write a message to string buffer
lora_send(); // Transmit the buffer contents

// Prevent transmitting multiple times immediately
delay_ms(5000); // Wait for at least 5 seconds
while (person_detected()) {
// Continue waiting until the alarm clears
delay_ms(1000);




