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[bookmark: _Toc231051293]Introduction
Programmable logic controllers are widely used in industrial automation because they provide robust, deterministic and maintainable control of machines, sensors, actuators, conveyors and human-machine interfaces. A PLC is particularly suitable where a process requires discrete control decisions, repeatable sequencing, interlocking, counting and fault response. The IEC 61131-3 standard defines the syntax and semantics for PLC programming languages, including Ladder Diagram, Function Block Diagram and Structured Text (International Electrotechnical Commission, 2025). Ladder logic was selected for this project because the simulated process is primarily based on Boolean sensor states, output coils, timers, counters and set/reset memory.
This report analyses and evaluates an automated material handling system developed in Factory I/O and controlled through CODESYS. CODESYS is an IEC 61131-3 programming environment for controller and automation technology (CODESYS, n.d.). Factory I/O provides the virtual plant environment, allowing field devices such as sensors, conveyors and actuators to be connected to the PLC logic for functional testing; its Modbus TCP/IP driver supports exchange of digital and register data between the simulation and controller (Factory I/O, n.d.).
[image: A machine with a conveyor belt

AI-generated content may be incorrect.]The modelled system sorts four package categories using package size and weight. The process includes a package emitter, conveyor belts, diffuse sensors, conveyor scale, pushers, pop-up sorter, package removers, guarding, stack lights, warning siren and operator HMI. The HMI provides start, stop, emergency stop and counter reset functions, together with counters for total packages and each package category. The purpose of this report is to demonstrate how the PLC logic meets the control requirements and to critically evaluate the design against the behaviour expected from a real industrial control system.








[bookmark: _Toc231051209][bookmark: _Toc231051317]Figure 1:Factory I/O sorting cell layout showing conveyors, pushers, pop-up sorter, scale area, stack lights and package removers.























[bookmark: _Toc231051294]Literature Review
[bookmark: _Toc231051295]Fluid Power for Actuation and Control
Fluid power systems transmit and control energy through pressurised fluids. They are normally divided into hydraulic systems, which use liquids, and pneumatic systems, which use compressed air or gas. Both are used extensively in industrial automation because they convert stored pressure energy into mechanical force and movement (Parr, 2011). Selection should not be based only on whether a cylinder can move the load; it should consider force, speed, accuracy, duty cycle, lifecycle energy use, maintainability, cleanliness and safety.
Pneumatic actuation is well suited to light and medium-duty automation tasks requiring fast, repetitive and relatively simple movement. Typical applications include pushers, diverters, clamps, stops, gates and pick-and-place devices. In the Factory I/O model, the pushers and pop-up sorter are representative of pneumatic actuation because they perform short-stroke, repeatable movements to divert packages into the correct lanes. The advantage is proportionality: a simple extend/retract movement does not require the complexity of servo positioning or hydraulic power.
The main strengths of pneumatics are simplicity, cleanliness, high operating speed and relatively low component cost. However, air compressibility reduces stiffness and makes precise position control more difficult than with hydraulic or electromechanical actuation (Esposito, 2014). Pneumatics can also be energy intensive. The U.S. Department of Energy (2004) identifies compressed air leakage as a significant source of wasted energy and recommends leak prevention programmes, so pneumatic actuation should not automatically be treated as low cost over the full life cycle.
Hydraulic systems provide high power density and are suitable for presses, lifting equipment, mobile plant, heavy-duty manipulators and steel industry applications. Hydraulic fluids are less compressible than air, giving greater stiffness and improved force control (Parr, 2011). However, hydraulics would be disproportionate for this sorting model because the packages are light, actuator strokes are short and the movement is simple diversion rather than high-force manipulation. Hydraulics would introduce pumps, reservoirs, filtration, hoses, heat generation and leakage control, none of which are justified for a low-force package sorting application.
The safety implications of both technologies also need to be considered. ISO 4413 specifies general rules and safety requirements for hydraulic fluid power systems used on machinery, including significant hazards associated with intended use (International Organization for Standardization, 2010a). ISO 4414 provides equivalent requirements for pneumatic systems (International Organization for Standardization, 2010b). These standards show that fluid power selection is not simply a performance decision; it must also consider stored energy, unexpected movement, isolation, pressure release and maintainability. For this model, electric drives are the most appropriate representation for conveyors, while pneumatic-style actuation is the most proportionate representation for pushers and the pop-up sorting device.























[bookmark: _Toc231051296]Control Requirements and System Specification
The control objective is to transport packages through an automated sorting cell, identify each package according to size and weight, and route it to the correct remover. The system must also provide start, stop, emergency stop, operator warning, sequential conveyor start-up and production counting. The HMI must allow the operator to start and stop the system, activate emergency stop, reset counters and view five counters: total box entry count and four category-specific output counts.
The intended behaviour starts with the system idle. When the start button or HMI start command is selected, the PLC establishes a run condition, provided that no stop or emergency stop condition is active. Before normal movement, the alarm siren and amber stack light provide a warning of impending operation. The conveyors are then started in sequence at 0.5 second intervals to reduce simultaneous motor energisation. Once running, packages are detected by the entry sensor, size is determined by diffuse sensors and weight is captured from the conveyor scale. The PLC then routes the package using the appropriate pusher or pop-up sorter and increments the relevant route counter at the exit sensor.
Figure 2 shows the Modbus mapping used to connect the Factory I/O devices to the CODESYS program. This mapping is important because it demonstrates that the written control requirements were translated into defined PLC variables rather than remaining as a generic description.
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[bookmark: _Toc231051210][bookmark: _Toc231051318]Figure 2: Factory I/O Modbus mapping for sensors, actuators, counters and HMI-linked variables

Table 1 summarises the principal inputs and outputs used by the program. The table uses the actual tag names visible in the Factory I/O and CODESYS configuration so that the report can be traced to the implemented model.

[bookmark: _Toc231051219][bookmark: _Toc231051327]Table 1: Summary of program inputs and outputs
	Tag or variable
	Type
	Control purpose

	StartButton / StartButtonHMI
	Input / HMI command
	Latches ConveyorON when no stop or emergency stop is active.

	StopButton / StopButtonHMI
	Input / HMI command
	Breaks normal run condition for controlled stopping.

	EmergencyStopButton / EStopHMI
	Input / HMI command
	Overrides normal logic and commands stopped/emergency indication.

	EntrySensor
	Digital sensor
	Detects incoming packages and triggers TotalBoxCounter.

	SmallBoxSensor, MediumBoxSensor, LargeBoxSensor
	Diffuse sensors
	Identify the size class used in route selection.

	ScaleSensor and ScaleWeight
	Sensor/register value
	Captures weight for light/heavy classification.

	SmallExitSensor, MediumExitSensor, LightExitSensor, HeavyExitSensor
	Digital sensors
	Confirm delivered package route and increment category counters.

	MainConveyor1, MainConveyor2, LargeBoxConveyor, LightConveyor, HeavyConveyor, MediumConveyor
	Outputs
	Transport packages through the cell after the staged start sequence.

	PusherHeavy, PusherMedium, SorterLight, SorterHeavy
	Outputs
	Divert packages according to classification state.

	AlarmSiren, StackLightRed, StackLightYellow, StackLightGreen
	Outputs
	Provide audible and visual machine-state indication.



The main constraints are that emergency stop must override normal control, the warning siren must operate before hazardous movement, conveyors must not all start simultaneously, counters must not double count, and package classification must be retained until the package reaches the relevant actuator. In a real machine, emergency stop functionality would require safety-rated design. ISO 13850 states that the emergency stop function should override other machine functions and should be available and operational at all times (International Organization for Standardization, 2015). HSE guidance on PUWER also identifies guarding, emergency stop devices, isolation, markings and warning devices as typical protective measures for work equipment (Health and Safety Executive, 2024a).




[bookmark: _Toc231051297]Operational Flow
The operational flow in Figure 3 converts the process requirements into a control sequence. It also highlights that emergency stop is not a normal process step; it is an override path that can interrupt any active state. This distinction is important because a normal stop is part of production control, whereas emergency stop is a protective function used when a hazardous situation requires immediate intervention.



[bookmark: _Toc231051211][bookmark: _Toc231051319]Figure 3: Operational flow chart for the automated sorting system.


[bookmark: _Toc231051298]PLC Program Documentation and Functional Analysis
The PLC program was developed using ladder logic in CODESYS. Ladder logic is appropriate because the system is a discrete event process based on contacts, coils, timers, counters and internal memory bits. Although Structured Text can be efficient for complex calculations, ladder logic is readable for maintenance personnel and is well suited to relay-style sequencing and interlocking (Bolton, 2015).
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[bookmark: _Toc231051212][bookmark: _Toc231051320]Figure 4: Start/stop, siren, stack light and staged conveyor logic

The first program section establishes the main run condition. The start input and HMI start command energise the internal ConveyorON bit, while stop and emergency stop commands inhibit the run state. The visual warning logic energises the alarm siren and yellow stack light. The conveyor sequence is implemented with timer-on-delay blocks that energise conveyor outputs in 0.5 second steps. Figure 4 shows this structure and confirms that the conveyor sequence is not a single uncontrolled energisation of all motors.
A key refinement is required before final submission of the program file. The ladder network should be checked to ensure that the first conveyor start timer is enabled by the warning-complete condition, not merely by ConveyorON. This would guarantee strict compliance with the specified two-second warning before movement. If ConveyorON directly enables the conveyor timers, the conveyors may start during the warning period. Gating the staged start sequence from a warning-done bit would remove this ambiguity and strengthen the control design.
[image: A computer screen shot of a computer

AI-generated content may be incorrect.]
[bookmark: _Toc231051213][bookmark: _Toc231051321]Figure 5: Conveyor scale weight capture and light/heavy classification logic

The package classification logic combines size sensing and weight measurement. Diffuse sensors identify whether the package is small, medium or large, while the scale value is moved into the WeightTaken variable after a short stabilisation pulse. The comparator logic then separates light and heavy packages. The HMI labels indicate light large boxes below 0.44 kg and heavy large boxes above 0.46 kg; this is represented in the ladder logic as thresholds of approximately 440 g and 460 g. The gap between the thresholds acts as a deadband, although a mature industrial design should define an explicit reject or alarm response for packages in the ambiguous range.
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[bookmark: _Toc231051214][bookmark: _Toc231051322]Figure 6: HMI root screen with start, stop, emergency stop, reset and counter displays.

The HMI provides the operator-facing layer of the control system. It includes start, stop, emergency stop, reset counters and category count displays. HSE guidance emphasises that work equipment controls and protective measures should be clear and suitable for the equipment and risks involved (Health and Safety Executive, 2024b). The HMI therefore improves usability because the operator can control the cell and verify production counts from a single screen.
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[bookmark: _Toc231051215][bookmark: _Toc231051323]Figure 7: Rising-edge triggered counter logic for total, small and medium package counts.

The counter logic uses rising-edge triggers before count-up function blocks. This is important because the PLC scans continuously; without edge detection, a package held in front of a sensor for several scans could be counted repeatedly. The reset button and HMI reset command clear all counters, allowing a new production run to start from zero.

[bookmark: _Toc231051220][bookmark: _Toc231051328]Table 2:
	Program section
	Implemented function
	Evaluation

	Start/stop network
	Creates ConveyorON run state from physical and HMI commands.
	Clear and maintainable; emergency stop has priority over normal running.

	Warning and stack lights
	Alarm siren and amber/red/green status outputs.
	Good operator feedback; warning-complete interlock should be verified.

	Sequential conveyor timers
	Cumulative 0.5 s delayed outputs.
	Reduces simultaneous starting and supports controlled commissioning.

	Classification logic
	Size sensors plus scale thresholds for light/heavy sorting.
	Effective in simulation; deadband values require defined handling.

	Pusher/sorter outputs
	Timed actuation of pushers and pop-up sorter.
	Functional, but sensor-confirmed actuation would be more robust.

	Counter networks
	Rising-edge total and route counters.
	Strong design feature because it avoids scan-based double counting.






















[bookmark: _Toc231051299]Verification, Testing and Observations
Verification was undertaken by running the Factory I/O model and comparing observed behaviour against the control requirements. The test method was functional rather than purely visual: each requirement was tested by operating the HMI, observing outputs and checking whether counters matched package movement. Table 3 provides a test matrix that links requirements, methods and observed results.

[bookmark: _Toc231051221][bookmark: _Toc231051329]Table 3: Test Matrix Observations
	Test
	Requirement tested
	Method
	Expected result
	Observed result
	Status

	1
	Start command
	Press HMI/physical start.
	Run state established if no stop/E-stop active.
	ConveyorON run condition established.
	Pass

	2
	Warning before movement
	Observe siren/yellow light at start.
	Two-second warning before conveyors.
	Warning outputs operated; timer gating requires final confirmation.
	Partial

	3
	Sequential start
	Observe conveyor output energisation.
	0.5 s interval between conveyor starts.
	Staged conveyor outputs visible in CODESYS.
	Pass

	4
	Normal stop
	Press stop while running.
	Conveyors stop without emergency warning.
	Normal stop separated from E-stop response.
	Pass

	5
	Emergency stop
	Press emergency stop.
	Outputs stop; red warning displayed.
	Emergency indication activated.
	Pass

	6
	Total counter
	Pass one package through entry sensor.
	Total counter increments once.
	Rising-edge CTU logic prevents repeated count.
	Pass

	7
	Category counters
	Route each package to exit sensors.
	Correct category counter increments.
	Small, medium, light and heavy counters linked to exits.
	Pass

	8
	Weight classification
	Pass large packages over scale.
	Light/heavy sorting based on threshold.
	Comparator logic separates <=440 g and >=460 g.
	Pass

	9
	Reset counters
	Press HMI or physical reset.
	All counters return to zero.
	Reset inputs wired to counter reset terminals.
	Pass

	10
	Fault resilience
	Consider close package spacing/sensor fault.
	System should alarm or recover safely.
	No dedicated jam/sensor-fault diagnostics included.
	Improvement



The tests show that the model satisfies the principal functional requirements in the simulated environment. The strongest observations are that the classification state is retained long enough to operate downstream sorters, and that counter logic is protected from scan-based double counting. The most significant limitation is the reliance on fixed timer relationships. If package spacing, conveyor speed or actuator response changed, the sort point could become inaccurate. This limitation is acceptable in Factory I/O but would require further engineering control in a real installation.


[bookmark: _Toc231051300]Strengths, Weaknesses and Potential Improvements
The main strength of the implemented program is that it converts a physical sorting problem into clear PLC functions: run control, start warning, staged conveyor outputs, size detection, scale-based weight classification, pusher control, HMI commands and production counting. This demonstrates appropriate use of ladder logic for a discrete automation problem and aligns with the PLC programming framework described by IEC 61131-3 (International Electrotechnical Commission, 2025).
The second strength is the use of retained classification states. A package may leave the original sensor before reaching the pusher or pop-up sorter; therefore, momentary input conditions must be stored until downstream actuation occurs. This shows an understanding of the relationship between sensor location, conveyor movement and actuator timing. The third strength is the HMI, which improves usability and supports verification by allowing the operator to compare counter values against visible package movement.
The main weakness is that the emergency stop is implemented within standard PLC/HMI logic. This is suitable for simulation, but it is not equivalent to a safety-rated emergency stop circuit. ISO 13850 requires emergency stop functions to override other machine functions (International Organization for Standardization, 2015), while PUWER guidance expects suitable protective devices, controls and isolation measures where required (Health and Safety Executive, 2024a). A real machine would therefore require a risk assessment, safety relay or safety PLC, verified stop category and validation of the safety function.
A further weakness is timer-based sorting. Timers are simple and effective in a controlled simulation, but they are sensitive to conveyor speed, air pressure, actuator lag, belt slip and package spacing. A stronger design would use local sensors immediately before each pusher so that actuation is triggered by confirmed package position. Diagnostic functions should also be added, including blocked-package detection, actuator timeout, sensor plausibility checks, invalid weight alarm and a defined reject route for the 440-460 g deadband. These improvements would make the solution more robust and closer to industrial practice.





[bookmark: _Toc231051301]Conclusion
The developed PLC program satisfies the main requirements of the simulated Factory I/O material handling system. It provides start, stop, emergency stop, warning indication, stack lights, sequential conveyor start-up, package detection, size and weight classification, actuator control, HMI interaction and production counting. Ladder logic is appropriate because the system is discrete, sequential and based on sensor-actuator relationships.
The report demonstrates that the control system is effective within the intended simulation environment. The program uses timers, counters, comparator logic, set/reset memory and HMI commands in a coherent way. The inclusion of real tag mapping, screenshots, program tables and a verification matrix strengthens the evidence that the PLC logic has been documented rather than described generically.
The overall design would need further development before real industrial deployment. The priority improvements are a safety-rated emergency stop architecture, explicit warning-complete interlocking, sensor-confirmed sorter actuation, fault diagnostics, jam detection and defined reject handling for ambiguous weights. Pneumatic actuation is suitable for the pushers and pop-up sorter because the duty is fast, repetitive and low force; hydraulic actuation would be unnecessary for this application. Overall, the project is a strong educational demonstration of PLC-based material handling control, while also identifying the additional engineering controls needed for a robust industrial system.
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[bookmark: _Toc231051303]Appendix A Program Evidence
The figures below provide additional visual evidence from the CODESYS and Factory I/O implementation. They are included to support program documentation and make the report traceable to the submitted simulation and PLC file.
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[bookmark: _Toc231051216][bookmark: _Toc231051324]Figure 8: Appendix A1- Large package and routing logic.
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[bookmark: _Toc231051217][bookmark: _Toc231051325]Figure 9: Appendix A2 - Additional staged conveyor outputs
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[bookmark: _Toc231051218][bookmark: _Toc231051326]Figure 10: Appendix A3 - Factory I/O model perspective showing guarded sorting cell.
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