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[bookmark: _Toc151664725][bookmark: _Toc165794809]Introduction

Programmable Logic Controllers (PLCs) have revolutionised the way industrial automation systems are designed and controlled. These versatile electronic devices have become an essential component in a wide range of industries, from manufacturing and energy production to food processing and transportation.
At their core, PLCs are specialised computers that are programmed to perform specific tasks based on input signal from sensors and other devices. They can be used to automate processes, monitor and control equipment, and collect data for analysis and optimisation. PLCs offer a high level of reliability and flexibility, making them ideal for applications where precision and efficiency are critical.
This project’s objective is to develop and control a conveyor system that is able to efficiently sort four different packages based on their size and weight. The system will be designed and implemented using Factory I/O in conjunction with Siemens TIA software for programming.
Through effective design and programming, this project aims to showcase the capabilities of modern industrial automation technology and demonstrate how it can be effectively utilised to streamline complex processes in a manufacturing environment.
















[bookmark: _Toc165794810]Literature Review of Current PLCs

Programmable Logic Controllers are widely used in various industries to automate machinery and processes. There are two main types of PLCs used in industry, both with their own set of features, benefits, and limitations. In this literature review, we will explore several commonly used PLCs outlining their pros and cons.

[bookmark: _Toc165794811]Compact PLCs:

A compact PLC is a device designed for applications where size is a critical factor. These PLCs are typically used in machines and equipment where space is limited, such as localised control panels or in mobile applications. Compact PLCs are known for their simplicity, ease of use, and cost-effectiveness. They are often used in standalone applications where a small number of I/O points are required [1].
The primary advantage of compact PLCs is their small size. They are also typically less expensive than larger PLCs, making them a cost-effective solution for small-scale applications. Due to their relative simplicity, compact PLCs can be much easier to program compared to other models. This generally means that less extensive training is required to work with them making them an ideal choice for beginner programmers. 
The size of compact PLCs, which serves as their primary strength, is also their greatest weakness. Due to their compact housing, these devices have less processing power and memory than larger PLCs, limiting their capabilities for complex tasks. Additionally, the number of I/O ports are also limited, restricting their use to simple automation tasks. Unlike other types of PLCs, compact models are standalone devices, meaning no expansion is possible [3].
The compact design also presents issues with intricate repairs and maintenance. It is not uncommon for compact PLC faults to be unrepairable and will often lead to replacement models being required. 
The small size of compact PLCs can also make them more susceptible to environmental factors such as heat, dust, and vibrations, which may impact their reliability and longevity compared to other PLC types.






[bookmark: _Toc165794812]Allen Bradley Micro810 Series Specifications [3]:

An example of a compact PLC is the Allen Bradley Micro810 Series. The specifications for this PLC are shown below:

· This device features 12 digital inputs and 6 digital outputs, with the option for 4 analogue inputs and 2 analogue outputs.

· It has a maximum program memory of 8 kilobytes and data memory of 4 kilobytes.

· Communication methods include Ethernet, RS-232/485, Modbus, and ASCII protocols.

· Programmed using Allen Bradley's Connected Components Workbench software [4].

· Supports standard programming languages like ladder logic, function blocks, and structured text.

· Supply voltage range from 100 to 240 volts AC and 24 volts DC.

· Product dimensions measure 91 x 75 x 59 mm.
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[bookmark: _Toc165794872]Figure 1 - Allen Bradley Micro810 Series PLC [3]



[bookmark: _Toc165794813]Modular PLCs:

Modular PLCs, unlike compact PLCs, offer flexibility and scalability, allowing users to easily expand the system by adding additional modules. These PLCs include a base unit housing the processor, power supply and memory, along with basic modules for peripheral communication. Additional modules can then be attached to the base PLC increasing I/O operations. This makes a modular PLC much better suited to complex tasks compared to compact PLCs.
One of the key benefits of modular PLCs is their flexibility for expansion. Users can tailor systems to their unique needs by adding or removing modules as necessary. This adaptability makes modular PLCs a versatile option for a variety of applications. Not only can users expand their system easily, but they can do so without needing to replace the entire PLC. Additionally, many modular PLCs offer a selection of CPUs to support peripheral expansion [5].
Another advantage of modular PLCs is the option to easily remove individual modules for troubleshooting or maintenance purposes. If an expansion module malfunctions, the user can simply replace that specific module, ultimately saving on costs in the long term.
While modular designs offer numerous advantages, they also come with the challenge of increased system complexity. Each added module means more peripherals are integrated into the system, necessitating additional coding that must be compatible with existing peripheral operations. As more modules are added, the task of writing and maintaining these systems becomes increasingly difficult. This can ultimately lead to companies needing to enlist the expertise of PLC specialists or having to put staff through extensive training [6].
The capital expenditure for companies looking to implement modular PLCs can be significant due to the need to invest in not only the PLC hardware itself, but also in additional modules, specialised software, and training for employees. 

[bookmark: _Toc165794814]Modular PLCs use in Rack Systems:

Rack PLCs are a form of modular system structured around a housing that stores multiple components such as the processor, power supply, and various I/O modules. They are utilised for extensive automation processes that will remain fixed in one location. As all components are housed within a single chassis, a rack configuration is often compactly and efficiently designed, minimising space usage without losing the modular expandability.
Rack PLC systems can be customised for specialised environments such as ATEX or high-pressure settings. The chassis of these systems can be tailored to meet specific operating conditions, but this customisation does come with a higher price tag.
[bookmark: _Toc165794815]Siemens SIMATIC S7-1200 Series [5]:

Siemens SIMATIC S7-1200 Series is a modular PLC with the following specifications:

· Integrated with 14 digital inputs, 10 digital outputs, and 4 analogue I/O ports.

· Maximum expansion of 8 additional modules.

· Different CPU options available (1211C, 1212C, 1214C, 1215C, 1217C, 1218C) with varying performance and memory capacities.

· Program memory sizes range from 50 KB to 1 MB, data memory sizes range from 10 KB to 64 KB.

· Communication options include Ethernet, PROFINET, PROFIBUS, Modbus, with built-in communication ports.

· Programming done through Siemens' TIA Portal software, supporting ladder logic, function block diagram, and structured text.

· Supply voltage of 24V DC [5].

[image: Siemens SIMATIC S7-1200 - Electro-Matic Products][bookmark: _Toc165794873]Figure 2 - Siemens SIMATIC S7-1200 Modular PLC [5]




[bookmark: _Toc165794816]Research Conclusion:

In conclusion, each PLC type has its own set of advantages and limitations. The choice of PLC system will depend on the specific requirements of the application, including factors such as space constraints, scalability, performance, and cost. 
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[bookmark: _Toc165794817]Factory I/O – System Design

Factory I/O is a simulation software that allows users to create virtual industrial environments in order to practice programming and testing of automation systems. It simulates a realistic factory environment with various machines, conveyor belts, sensors, and other equipment commonly found in manufacturing plants [7]. For this project, the following components were chosen for use.

[bookmark: _Toc165794818]Diffuse Sensor:

A diffuse sensor is a type of sensor that detects the presence or absence of an object based on the reflection of light. It emits a beam of light, which is then reflected off the object and back to the sensor. The sensor analyses the intensity of the reflected light to determine the presence of the object. 

[bookmark: _Toc165794819]Conveyor Pusher:

A conveyor pusher is a mechanical device used in conveyor systems to push or divert items along the conveyor belt. It is typically equipped with a pneumatic or hydraulic mechanism that allows it to extend and retract, pushing items off the main conveyor line onto a separate line or chute.

[bookmark: _Toc165794820]Weighing Scale Conveyor:

A weight scale conveyor is a type of conveyor system equipped with integrated weighing technology. It is used to accurately measure the weight of items as they move along the conveyor system. 

[bookmark: _Toc165794821]Pop-Up Sorter:

A pop-up sorter is a type of sorting system used in logistics and distribution centres. It consists of a series of conveyor belts with pop-up wheels or rollers that can be raised or lowered to divert items to different lanes or chutes based on their destination or sorting criteria. This system allows for efficient and automated sorting of items based on predetermined parameters such as size, or weight.

Using each of the components described above along with standard conveyor belts, the system shown in figure 3 was created.

[image: ]
[bookmark: _Toc165794874]Figure 3 - Factory IO Project Build
[bookmark: _Toc165794822]Factory I/O - System Overview

Factory I/O is able to emit four different size boxes. For this project, these sizes shall be described as extra-large (XL), Large (L), Medium (M) and Small (S). The function of this system is to sort all boxes emitted by size and weight. 
For conveyor number references, please consult figure 3.
An overview of the basic system operation is described below:
1. All boxes enter the system via the green arrow shown on the far right of figure 3.

2. Boxes then move along the conveyor until a diffuse sensor is passed.

3. The initial diffuse sensor is positioned at a height that will only be activated by an XL box passing by. Once triggered, the nearby pusher will activate and move the XL boxes onto conveyor 1.

4. Remaining box sizes will bypass the initial pusher and proceed to the weighing scale conveyor. This conveyor will work in conjunction with the pop-up sorter to sort the large boxes from the medium and small.

5. In Factory I/O, large boxes weigh more than 4.5kg. Boxes weighing more than 4.5kg will therefore be directed to conveyor 2 on the right, while boxes weighing less will be diverted to conveyor 3 on the left.

6. The last stage of sorting will be conducted by the second pusher. A separate sensor will be placed before this pusher, set to detect only medium boxes. When an box is detected, the second pusher will be triggered to move all medium boxes onto conveyor 4.

7. At the conclusion of this process, all boxes will be sorted onto separate conveyors, prepared for the next step of operations.


Throughout this process several safety feature, timers and counters will be used to manage operation. These will be discussed in detail within the ladder program analysis.



[bookmark: _Toc165794823]Peripheral Interfacing: 

Factory I/O enables the user to assign specific memory locations within the PLC for each input and output during the construction process. These locations can then be synchronised with programming software to facilitate communication through the PLC.
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Description automatically generated][bookmark: _Toc165794875]Figure 4 - PLC Memory Allocations for Factory IO Peripherals
















[bookmark: _Toc165794824]Ladder Program Analysis

The main program for this system was created using Siemens TIA software utilising ladder logic. A full copy of his program has been submitted alongside this report. 

[bookmark: _Toc165794825]PLC Tags:

In order to start programming the system, the Factory I/O peripherals and their designated PLC memory locations must be integrated into the TIA software using PLC Tags. A snippet of these tags is shown below in figure 5.

[image: ][bookmark: _Toc165794876]Figure 5 - TIA PLC Tags





















[bookmark: _Toc165794826]PLC Tags Data Types:

In a PLC programming, Boolean variables are commonly used to represent binary values that can be either true or false. These variables are often used to control the logic flow of a program, where certain conditions need to be either enabled or disabled. For this project, all Factory I/O peripheral operations were defined as a Boolean variable. 
Integer variables, on the other hand, are used to store whole number values. These variables are typically used for counting, indexing, or any other application that requires a numerical value without a decimal point. In this program, Integers have been used for counting purposes.
Real variables are used to store floating-point numbers within a PLC program. These variables are often used for applications that require precision in calculations or measurements. 
A PLC Tag can also be used to define an entire memory byte. This tag will therefore activate if any variable sorted within its eight bits of memory is triggered. For this project, all warnings and alarms are assigned to a designated byte. 
















After identifying and assigning all PLC tags to their respective memory locations, the ladder program for the system was created. The breakdown of each network written for this program is outlined below.

[bookmark: _Toc165794827]Network 2 – System Operation & Alarm Control: 
[image: A screenshot of a computer

Description automatically generated][bookmark: _Toc165794877]Figure 6 - System Operation & Alarm Control


The initial network in this program is utilised for switching the system on or off and managing alarm operations.
The first rung contains four contacts in series, all of which must be closed for the system to operate. A latching contact is used alongside the start contact to ensure the system remains operational even after the start button is released. To stop the system, the stop button, or an alarm, will need to be triggered.
Rung two is used to activate a specific alarm when the gate interlock contact is closed. This alarm can then be used to visually communicate the error to a Human Machine Interface (HMI).
The third rung is simply used to connect the HMI emergency stop to the physical button on the control panel.




[bookmark: _Toc165794828]Network 3 – Start-Up Sequence:
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[bookmark: _Toc165794878]Figure 7 - Start-Up Sequence
Network 3 sequencially starts each conveyor once the sytem has been switched on. This is done to reduce the inrush current drawn by the system on start-up. 
The first rung uses a pulse timer to activate a siren and warning light for 2.5 seconds immediately after the operate contact is closed. After 2.5 seconds, the siren and warning light turn off and the first belt conveyor is initiated using TON timer control.  
The proceeding rungs are then used to sequentially turn on the remaining conveyors 0.5 seconds apart using the same TON configeration. 
The only slight modification within this network is found on the penultimate rung shown below in figure 8.
[image: A computer screen shot of a computer

Description automatically generated][bookmark: _Toc165794879]Figure 8 - Scale Conveyor Start-Up Sequence

This rung is used for controlling a ‘set’ function that will be used in the automation of the scale conveyor later in this program. To ensure that the set function is triggered only once and can therefore be reset, a pulse timer is employed.

[bookmark: _Toc165794829]Network 4 – Pusher Timing:
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[bookmark: _Toc165794880]Figure 9 - Pusher Timing

Network 4 is responsible for coordinating the timing between the diffuse sensors being triggered and the conveyor pushers actuating. TON timers are utilised to ensure that the pushers are activated with the correct timing to centralise the boxes on the adjacent conveyors.



[bookmark: _Toc165794830]Network 5 – Counters & Stack Light Control: 
[image: A screenshot of a computer

Description automatically generated][bookmark: _Toc165794881]Figure 10 - Total & XL Box Counters


Network 5 is used for all counter operations within this system. 
On the first rung, an integer adder is employed to sum up the total count of boxes that have been sorted by the system. The integer values being added correspond to the individual counters representing the sorted boxes of each size.
Rung two highlights the basic counter operation for XL boxes. Diffuse sensor 4 is located at the end of conveyor 1 and increments the counter by one each time a box is removed from the system. The counter itself is able to be reset once the PLC Tag “Counter Reset” is triggered.
An identical method is used to count small, medium, and large boxes by utilising specific diffuse sensors placed at the end of each conveyor. The output values from each of these counters will be displayed on a HMI designed later in this project.
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Description automatically generated][bookmark: _Toc165794882]Figure 11 - Small, Medium and Large Counters


















Counters have also been used to ensure boxes are not lost within the conveyor system. To achieve this, count up / down counters (CTUD) have been used.
The CTUD will produce ‘flag’ values utilised to monitor the number of boxes on each conveyor. When a box joins a conveyor, the ‘flag’ value will increase by one. Conversely, when a box leaves the conveyor, this ‘flag’ will be reduced by one. If there is an equilibrium between boxes joining and leaving the conveyor, no boxes will be missing. A comparator can be used to determine if this is the case.
A comparator is a device used to compare two values. Depending on its function, an output signal will be produced if specific criteria are met. For this project, three different comparators are used as shown in table 1.




	Comparator
	System Status
	Outputs Activated

	Less than or equal to (<=)
	OK
	Green Stack Lights



	Greater than or equal to (>=)
	Box Missing
	Yellow Stack Lights, Warning

	Greater than (>)
	System Stopped
	Red Stack Lights,
Alarm



Table 1 - Comparators and their Function


Operators will be able to set warning and alarm values for each conveyor through the HMI. These preset values will be compared to the 'flag' value of the conveyor through a comparator, in order to determine if any if these conditions have been met.
When operating this system, it is recommended that the warning flags be set to 1 and the alarm flags to 3. If one box is missing, a warning will be triggered. If more than 3 boxes are missing, the system is stopped, allowing the operator time to rectify the issue.

[image: A screenshot of a computer

Description automatically generated][bookmark: _Toc165794883]Figure 12 - XL Conveyor Flag Control


Figure 12 highlights the XL conveyor flag being counted. Pusher 0 is used to count boxes onto the conveyor while diffuse sensor 4 is used to count them off. Rung two shows this flag value being checked against the preset warning value through a comparator. If no boxes are missing, a green stack light is activated. 
[image: A diagram of a computer

Description automatically generated][bookmark: _Toc165794884]Figure 13 - XL Conveyor Warning & Alarm Control


Figure 13 shows the warning and alarm triggers for the same conveyor. Again, a comparator is used to check conditions against preset warning and alarm values. Once the conditions are met, a counter is used to ensure a box has had sufficient time to travel the length of the conveyor, in this case, five seconds. 
If the XL flag value exceeds the set warning threshold after five seconds, a warning signal will be activated, and the yellow stack light will illuminate to indicate a missing box. Likewise, if the XL flag surpasses the preset alarm level, an alarm signal will be triggered, and the red stack light will turn on to indicate multiple missing boxes.
An identical approach is used to monitor the large, medium and small conveyors as shown in the following figures.  Each conveyor will control a unique stack light, warning and alarm. 
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Description automatically generated][bookmark: _Toc165794885]Figure 14 - L Conveyor Flag Control
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Description automatically generated][bookmark: _Toc165794886]Figure 15- L Conveyor Warning & Alarm Control
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Description automatically generated][bookmark: _Toc165794887]Figure 16 - Medium Conveyor Flag Control

[image: A diagram of a machine

Description automatically generated][bookmark: _Toc165794888]Figure 17 - Medium Conveyor Warning & Alarm Control


[bookmark: _Toc165794889]Figure 18 - Small Conveyor Flag Control
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At first, conveyor 3 is utilised to transport both small and medium boxes, necessitating distinct count down inputs for monitoring boxes as they are removed from the belt. Pusher 1 decreases the count each time a medium box is directed onto conveyor 4, while diffuse sensor 3 decreases count when a small box reaches the end of the conveyor. To prevent potential counting inaccuracies caused by both inputs activating simultaneously, 1ms pulse timers are utilised as depicted in figure 18.
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Description automatically generated][bookmark: _Toc165794890]Figure 19 - Small Conveyor Warning & Alarm Control



[bookmark: _Toc165794831]Network 6 – Warnings & Alarms Byte Control:
[image: A screenshot of a computer

Description automatically generated][bookmark: _Toc165794891]Figure 20 - Warning & Alarm Byte Control

Network 6 serves to link all warning and alarm signals to master indicators. This is achieved by linking the complete warning and alarm bytes to indicator outputs. So, whenever any warning or alarm is triggered, the corresponding byte is activated, causing the indicator to illuminate.
The parallel path used within the alarm byte control, is utilised to ‘set’ the master alarm, preventing the system from operating until an engineer has manually acknowledged and reset the system.

[bookmark: _Toc165794832]Network 7 – Scale Conveyor Operation:
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[bookmark: _Toc165794892]Figure 21 - Scale Conveyor Operation

Network 7 is used to control scale conveyor operation. 
The first rung simply states that if the system is on and the scale conveyor flag is set, the scale conveyor will operate. The scale conveyor flag is originally set during the start-up sequence within network 3 of this program.
The second rung utilises diffuse sensor 8 to ‘reset’ the flag when activated, stopping the scale conveyor. This diffuse sensor is placed in the middle of the scale and will stop the conveyor in order to accurately weigh a passing box.
Rung three also uses diffuse sensor 8 to begin operations. This activates a TON timer that will wait 500ms before ‘setting’ the scale conveyor flag, restarting the conveyor. A parallel path is also used to send the recorded box weight to memory. To ensure the scale weight is accurate, a TP timer is used. This will activate only once per box and will measure the weight of a stationary item. 
Fundamentally, this network will move a box to the middle of the scale conveyor, stop and weigh the stationary box, and then restart the conveyor and record the weight.

[bookmark: _Toc165794833]Network 8 – Pop-Up Sorter Operation:
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[bookmark: _Toc165794893]Figure 22 - Pop-Up Sorter Operation
[bookmark: _Toc151664756]

Network 8 utilises the weight value measured in network 7 to control the operations of the pop-up sorter. It achieves this using IN_RANGE function blocks.
IN_RANGE function blocks are used to determine if a given input signal is within a specified range of values. Within the designed system, the pop-up sorters’ objective will be to sort the large boxes from the small and medium sizes. Within Factory I/O, the large boxes weigh anywhere between 4.51 – 5.75 kg. As a result, all boxes within this range will be programmed to be sorted right, whilst anything under 4.5kg will be programmed to move left. 
The first rung in network 8 uses an IN_RANGE block to check weights between 0.1-4.5kg. If detected, ‘Pop-Up Left’ is activated and ‘Pop-Up Right’ is reset moving that item onto conveyor 3.
The second rug uses an IN_RANGE block to check for large boxes weighing between the defined 4.51 - 5.75kg. This will activate ‘Pop-Up Right’ and reset ‘Pop-Up Left’ moving an item onto conveyor 2.

[bookmark: _Toc165794834]System Human Machine Interface (HMI)

A Human Machine Interface (HMI) is a user display or dashboard that connects a person to a machine, system, or device. It allows for interaction between the user and the machine, enabling the user to monitor and control various aspects of the system. HMIs can include visual representations such as touchscreens, buttons, indicators, and other graphical elements to provide real-time feedback and control options.

[bookmark: _Toc165794835]HMI Tags:

When designing an HMI, HMI Tags are used to assign display controls and outputs to the pre-defined PLC tags. This allows the virtual display to communicate with physical system. A snippet of the HMI Tags used for this system can be seen in figure 23.
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For this project, three HMI screens were designed.

1. [bookmark: _Toc165794836]Root Screen:

An HMI root screen is the initial screen that is displayed when a system is activated. The root screen often provides basic system controls and an overview of the system operations. This project’s root screen is shown in figure 24.
[image: ][bookmark: _Toc165794895]Figure 24 - Default Root Screen














The left-hand side of the root screen shows the basic on / off controls for this system. A HMI e-stop is also provided and linked to the physical e-stop via network 2 of the ladder code. 
The righthand side of the screen visually updates the operator to the number of boxes successfully sorted. Both the individual sizes and total box counter are displayed. Each display output is linked to the associated counter within the ladder program.
The master warning and alarm indicators are also present on the root screen and will turn red whenever a warning or alarm is triggered.
[image: ][bookmark: _Toc165794896]Figure 25 - Operational Root Screen Showing Errors













2. [bookmark: _Toc165794837]Warning & Alarm Screen:

The warning and alarm screen will track individual conveyor statuses via a virtual stacker light system shown below in figure 26. Each indicator is individually linked to its associated stack light output.
[image: ][bookmark: _Toc165794897]Figure 26 - Default Warning & Alarms Screen















When the system is running without issue, all conveyor stacker lights will be green. If a box is missing from a conveyor, a warning will be triggered and displayed on this screen as seen in figure 27.

[image: ][bookmark: _Toc165794898]Figure 27 - Small Conveyor Warning Indicator













Should multiple boxes go missing, the specific conveyor alarm will be triggered, stopping the system, and setting the red stacker light.

[image: ][bookmark: _Toc165794899]Figure 28 - Large Conveyor Alarm Indicator













Manual alarms are also tracked on this screen and will turn red whenever the e-stop or gate interlock is triggered.

3. [bookmark: _Toc165794838]Engineers Screen:

Operators will use the engineers screen to set warning and alarm values for missing boxes on each conveyor. These inputs will be connected to the individual warning and alarm flag PLC Tags in network 5 of the ladder program.
The screen will also be accessed to manually acknowledge and reset counters and alarms. As both conveyor warning and alarms are monitored via the counters, to reset the system, the operator will have to first reset the counters and then the alarms.
By having these manual resets, operators are forced to acknowledge and inspect errors within the system before restarting operations. This will reduce a compounding effect of errors as well as increase system safety.

[image: ][bookmark: _Toc165794900]Figure 29 - Default Engineers Screen


















[bookmark: _Toc165794839]
System Testing

With the system, ladder logic program and HMI designed, this project’s operation was tested via the Factory I/O software. Screenshots demonstrating various correct system functions can be seen below.
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Description automatically generated][bookmark: _Toc165794901]Figure 30 - Conveyor System Simulation
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Description automatically generated][bookmark: _Toc165794902]Figure 31 - Sorting of Small Boxes













[bookmark: _Toc165794840][image: A conveyor belt with boxes on it

Description automatically generated][bookmark: _Toc165794903]Figure 32 - Sorting of Medium Boxes
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[bookmark: _Toc165794906]Figure 35 - Stacker Light Warning Signals

[bookmark: _Toc165794842][image: A conveyor belt in a factory
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[bookmark: _Toc165794908]Figure 37 - Warning Light on Start-Up
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[bookmark: _Toc165794845]Scale Conveyor & Pop-Up Sorter
[image: A diagram of a flowchart

Description automatically generated][bookmark: _Toc165794910]Figure 39 - Scale Conveyor & Pop-Up Sorter Flowchart
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In conclusion, this project successfully demonstrates the design and programming of a PLC-based system using Factory I/O and Siemens TIA software to control a factory. The system efficiently sorts boxes by size and weight using various conveyors, sensors, and scales.
A ladder logic program was developed using the TIA software, with peripherals assigned to PLC memory via PLC and HMI tags. A user-friendly HMI allows real-time monitoring and control of the system, including setting, observing, and resetting of warnings and alarms. 
Testing revealed accurate sorting, functioning warnings and alarms, and seamless interaction with the HMI. The HMI also correctly displays sorted box count and controls stacker light colours based on active warnings and alarms. 
Overall, the system operates exactly as intended and effectively meets all design requirements for this project. 
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