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1. Introduction
This paper contains a description of design and control system for a factory that would allow sorting a number of different packages based on their size and weight. The process starts with looking into existing Programmable Logic Controllers (PLC) currently available on the market and lists their pros and cons in form of a table.
Next sections show utilising Factory I/O components to design the sorting process of 4 different packages and implementing features such as buttons, counters, warning indicators, and stacking lights.
This will be followed by a ladder logic program in Tia Portal with description on how does it control sorting process which will also include Human Machine Interface (HMI) that would allow controlling some of the buttons and display certain information. Lastly, a number of flowcharts will show process behind sorting.
2. Siemens S7-1200
[image: STEP 7 Basic and S7-1200]SIMATIC S7-1200 is most suitable for compact automation solutions as it has integrated IOs, communication and technology functions for low to medium performance range automation tasks. S7-1200 comes with fail-safe versions and it is modularly expandable with digital and analog output modules and communication modules for easy adaptation for respective tasks. This PLC has integrated high speed counters, pulse sequence outputs, speed control, positioning suitable for packaging machines, conveyor technology, and packaging machines. It allows efficient engineering with integrated TIA Portal engineering frameworks that provides reliable data management, smart library concept and a uniform operating philosophy which makes system-spanning functions very easy to use. Manifold diagnostic is possible through fast error localization and efficient error analysis which can be displayed in TIA Portal, HMI or even web server integrated into system. Its innovative design allows expansion options using modular boards or faulty devices replacements without need to rewire when using terminal strips. It also contains integrated technology for Motion Control application, fast counting, measuring tasks, and closed loop control (PID) without the need for any expansion modules. Lastly, this PLC has integrated security features that allow secure communication, know-how protection, copy protection, access protection which prevents any opening, manipulation, and duplication of blocks by unauthorised person which in turn, protects the algorithm and process [1].Figure 1. Siemens S7-1200

3. Mitsubishi MELSEC-Q Series
[image: Modular PLC – PLC control]MELSEC-Q has been released in 1999 and has been supported by Mitsubishi since. The MELSEQ-Q QCPU variants come with USB, RS-232, and SD card slot that gives it capability for data logging, boot operations and backup/restore functions. The internal CPU has basic operation speed (LD Instruction) of 1.9ns, program capacity for up to 260k steps and, fixed scan interrupt program of 100us (minimum interval). Internal RAM is expandable up to 8MB and can be used simultaneously with SD card while continuously accessing file registers. Provided network environment is intended for automation networks and is scalable for application size. CC-Link IE – is high speed and large capacity ethernet based network that connects shop floor and IT systems as core E-Factory; CC-Link is semi certified global standard network from Japan and Asia; CC-Link/LT is a wire-saving sensor level network which inherited CC-Link design concept; and AnyWire – is a sensor level distributed control network.Figure 2. Mitsubishi MELSEC-Q Series

Mitsubishi offers a range of expansion modules for standard input and output, analog input and outputs, motion, counters, pulse input, and energy measuring. Input modules variants support 8 to 64 points and are powered by 5V DC to 120V AC. Output modules variants have TRIAC, contact, and transistor output types and same range of power as input modules. There are also combined I/O modules with points from 7/7 to 32/32 and have DC input and transistor output types.
Analog input and output modules are meant for process control application and are equipped with high resolution Analog-to-Digital Converter and signal conditioning. Each analog channel is isolated for a high voltage and module is suitable for flow meters or pressure gauges which can be connected directly to analog input and control valves to analog output. Hardware and installation costs are reduced because it doesn’t need external isolation amplifiers and it works with general purpose controller.
Motion module is designed for positioning control and synchronous control that supports speed/torque control along with traditional position control. Module comes with simple motion module setting that allows positioning setting, monitoring and debugging. The module can link via CC-Link IE to the field network and display data collected as a waveform.
High speed counters/ pulse input module supports multi-channel inputs and has adjustable maximum counting speed with pulses speed up to 8Mbps.
Energy measuring module is a rack installation type and it is used for information about energy consumptions and regeneration, reactive energy, current, voltage, electric power, power factor and frequency. The minimal and maximal values are constantly monitored and warnings can be implemented on triggers. Monitored data can be displayed as a waveform or bar graph [2].
4. Rockwell Automation CompactLogix 5480
[image: Main Image] Rockwell Automation CompactLogix 5480 is for users looking for a Windows based control of their PLC. This controller comes with commercial CPU and has a Windows IoT operating system which can run independently of the Logix control engine. It also has the ability to run 3rd party applications.Figure 3. Rockwell Automation CompactLogix 5480

CompactLogix 5480 comes with Studio 5000 Environment and development tools and embedded Logix security with FactoryTalk Security user authentication and authorization which allows using it for:
· Analytics, data gathering, and predictive computations
· Cloud Gateway, Data concentrator
· Machine and Line Control
· Integrated control and visualization
· Control 3rd party machine vision
5. Factory I/O
Factory I/O is a 3D simulation software designed to learn automation technologies. It is easy to use to quickly build a virtual factory from a number of common industrial parts. It also contains a lot of scenes that were made based on real applications, for beginner and professional level. It is most suitable for PLC training purposes since they are the most common in the industry although it can also be used with microcontrollers, SoftPLC, Modbus, and more [3].
5.1. Design
The Design is simple, made out of conveyer belts that would transport boxes and pop-up wheel sorter that would organize boxes based on their height and weight. The first sorter uses diffuse sensors to determine the height of the box and second sorter uses a scale to determine box’s weight. At the end of each sorter, a pusher will push boxes off the conveyor belt. The design used following components [4]:
	13 diffuse sensors
	6 conveyor belts
	4 pushers
	4 ramps
	4 buttons (start, stop, reset, emergency stop)
	2 pop-up wheel sorters
	4 stack lights
	4 digital counters
	1 conveyor scale
[image: ]
Figure 4. Factory I/O package sorter
The system is made to be relatively simple and easy to fallow the control logic in Portal. It has two sorting systems for height and weight and secondary conveyor belts only run when box is present to limit the current draw. Each type of box is counted and displayed on a control panel and HMI. The counter also affects stack lights which will glow on triggers.

6. Ladder Logic Program
6.1. Tags
Bellow are all of the tags used by the ladder logic program. The address states what kind of logic is that: %I is an input, %Q an output, %M is memory, and %QD is digital output. Inputs, outputs, and digital outputs must have their location matched with driver in Factory I/O.
[image: ]
Figure 5. List of PLC tags. part 1
[image: ]
Figure 6. List of PLC tags. part 2	

[image: ]
Figure 7. List of Factory I/O Tags and their locations
6.2. Networks
Networks contain the ladder logic which is controlling the behaviour of components in Factory I/O. They have additional functions such as Timers, and Counters that would work along inputs, outputs, and memories. The control box is shown with buttons, emergency light and siren, and digital displays below:
[image: ]
Figure 8. Factory I/O Control Box
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Figure 9. Factory I/O Package Sorter Labelled
Network 1
Network 1 contains main control for the conveyors linked to the control box from Figure 8. The conveyors are started by setting their bits when start button bit is set. The same procedure happens from setting a memory which links to HMI screen. Lastly, they reset the timers used by conveyor sequence.[image: ]
Figure 10. Start Button Logic
The stop button works by resetting the bits for all conveyors when button is cleared and it has memories that links to emergency button and HMI screen.
[image: ]
Figure 11. Stop button Logic
The reset buttons clear all of the counters from each of the boxes when button is cleared and it also has memory link to HMI.
[image: ]
Figure 12. Reset Button Logic
Network 2
Network 2 contains logic control of a first sorter which sorts by height. The sorting is done by first stopping the conveyor by resetting the conveyor bit and it also sets a memory M0.4 on a positive edge of a sensors pulse. Then whenever a conveyor is stopped and memory M0.4 is set, the timer starts after which the conveyors are started again and memory M0.4 is cleared. During the timer run, next line chooses the direction of the pop-up wheel sorter by setting the appropriate bits based on how many sensors are set.
[image: ]
Figure 13. First Sorter Logc
Network 3
Third Network contains the complete reset for the first pop-up wheel sorter. Triggered by a negative edge of a pulse from sensors at each exit of a sorter.
[image: ]
Figure 14. First Sorter Reset Logic
Network 4
The network 4 contains the description for the second sorter which sorts by weight. The first two lines are the same as in the first sorter using sensor to set a memory and stop the conveyor. This time, during the pause, the weight from scale determines which direction wheels are going to turn.
[image: ]
Figure 15. Second Sorter Logic
Network 5
Network 5 contains the reset of the second pop-up wheel sorter which works the same way as the reset from network 3 but with different bits.
[image: ]
Figure 16. Second Sorter Reset Logic
Network 6
This network controls the operation of pushers which are located at the end of each conveyor belt. They are triggered by a negative edge of a pulse coming from sensors which are right next to the pushers. The return sequence of a pusher is triggered by a pusher being fully extended.
[image: ]
Figure 17. Pusher Logc
Network 7 contains control of 4 conveyor sequences. They work by using sensor and conveyor belt to detect whenever a box is entering a conveyor and after a timer delay, the conveyor belt will stop.
[image: ]
[image: ]
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Figure 18. Conveyor Sequence Control Logic
Network 8
This network contains control of stack lights for each type of the boxes and control of the counters. The counters are triggered whenever are corresponding pusher is fully extended and they also have a digital output linked to digital displays as well as links to memories for counter reset and emergency stop. The red stack light is triggered whenever counter reaches its threshold, the green light is on whenever red light is not, indicating when a pallet is full. The yellow stack light glows when a pallet has any items at all and lastly, there is a emergency siren and warning light control triggered at counters reaching their thresholds.
[image: ]
Figure 19. Stack Light Control Logic
[image: ]
Figure 20. Counters Control Logic
[image: ]
Figure 21. Emergency Siren and Alarm Control Logic
Network 9 & 10
These last two networks contain controls of emergency button, which in this case is “normally closed” and HMI memory links for emergency stop with siren and warning light.
[image: ]
Figure 22. Emergency Button and Siren Control Logic
7. HMI
HMI stands for Human Machine Interface and as the name suggests, it contains a graphical user interface that a person can interact with using a touchscreen or a computer.
Screen Root
Root screen is the first user is going to see when using HMI which in this case, contains buttons which are synced with start, reset, and emergency stop buttons in the ladder logic. There is also a button which will change its colour to green and red depending on whether the system is running or not. The buttons on the left will take user to the other screens [5].
[image: ]
Figure 23. HMI Main Screen
Screen 1
Screen 1 contains number boxes for threshold for stack lights as well as their current state. The HMI also allows user to choose the threshold for the stack lights using a keypad.
[image: ]
Figure 24. HMI Screen with counters control
8. Operational Flowchart
The flowchart for the operations of the packaging sorter for the Factory I/O are shown below.
[image: ]
Figure 25. Buttons Operational Flowchart
[image: ]
Figure 26. First Sorter Operational Flowchart
[image: ]
Figure 27. Second Sorter Operational Flowchart
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Figure 28. Conveyor Sequence Control Operational Flowchart
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Figure 29. Stack Light Control Operational Flowchart. Part 1
[image: ]
Figure 30. Stack Light Control Operational Flowchart. Part 2
9. Discussion
The Programmable Logic Controllers come in various and benefit from different features for different applications. Some are suitable for a generic windows user and others, offer modular expandability for more advanced users. Some PLC, such as S7-1200 offer a range of software that can help with everyday productivity or introduce someone new to the topic of PLCs and factory automation.
The Factory I/O is a great tool for designing a factory process in a 3D environment and it allows connecting it with software for ladder logic control and automate factory process.
Tia Portal was also a great tool as it offered more than just logic but also counters, timers, set-reset blocks and more. The overall Factory I/O design could be further simplified and also, the Ladder Logic suffers from repetitive logic structures and those could be reworked.
10. Conclusion
The task to automate a package sorter in Factory I/O has been a success as it works as intended. The buttons to start, stop, and emergency stop work from control box and HMI screen. The first sorter organizes packages based on their size and reroutes them accordingly and the second sorter chooses the direction based on package weight. In both sorters, the system makes a short stop before choosing directions because while the packages travel through a conveyor belt, they can wobble and trigger wrong sensors, or show a wrong weight at the scale. Each of the boxes are counted and displayed in a control box and HMI however, the thresholds for stack lights are only controllable via HMI. Lastly, the Ladder Logic behind whole sorting operation is shown on a flowchart.
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