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[bookmark: _Toc219201650][bookmark: _Toc219201651][bookmark: _Toc219391195]Abstract
This report presents the design, implementation and evaluation of an automated sorting system making use of a Programmable Logic Controller (PLC). This project aims to demonstrate the practical applications of a PLC based control system within a modern manufacturing process. After a review of the available options, the siemens S7-1200 PLC has been selected for its suitability in small to medium automation tasks and its compatibility with the Factory I/O.
The control system is developed to identify and sort four different boxes based on weight making use of a conveyor scale, diffuse sensor and pusher actuators. Control logic has been implemented using the ladder logic programming language in accordance with IEC 61131-3. A modular approach was adopted to ensure future expandability and improve reliability and maintenance. A sequential startup of the conveyor is implemented to reduce inrush current and adhere with best practices. In addition, a comprehensive alarm and warning strategy has been incorporated to improve operational safety and fault identification.
A Human Machine Interface (HMI) has been developed to provide system control, status indication, fault diagnosis and adjustment of parameters. Access restrictions have been implemented to ensure only authorized personnel have access to specific parameters.
System performance was evaluated via simulated testing to demonstrate reliable operation and sorting accuracy under normal conditions. Limitations and potential improvements were then identified such as an advanced package identification system and rated safety controllers.

[bookmark: _Toc219391196]1 - Introduction
Industrial automation is essential in modern manufacturing, allowing for increased productivity, consistency and safety. The center of many automated systems is a Programmable Logic Controller (PLC), a ruggedized industrial computer designed to monitor inputs, execute software and drive specified outputs. PLCs are utilized in several industries including Manufacturing, food processing, energy and logistics. This wide adoption is due to the reliability, flexibility and ease of maintenance of PLCs leading to reduced costs.
This report focuses on the practical applications of Programmable Logic Controllers and their integration in a simulated industrial process. The main objective of the assignment is to design, implement and evaluate a PLC-Based automated sorting system using factory I/O and a siemens S7-1200 PLC. The aim of the system is to identify and sort four different boxes based on weight. Making use of several different conveyors, sensors and actuators.
The beginning of the report covers the historical development of industrial automation control systems, comparing commonly utilized PLC platforms and discussing various PLC programming languages defined in the standard IEC 61131-3. This provides the theoretical knowledge for making a justified selection of hardware, software and programming techniques to be used in the project.
Following sections cover the PLC configuration and ladder logic used to ensure a reliable sorting system. Several features have been covered such as modular software design, fault handling and safety. An Alarm and warning strategy will also be implemented to ensure best practices are followed for safety, diagnostics and operator awareness. This report will also cover the design and implementation of A Human Machine Interface (HMI), ensuring effective monitoring and control over the system.

 

[bookmark: _Toc219201652][bookmark: _Toc219391197]2 - Literature Review
[bookmark: _Toc219201653][bookmark: _Toc219391198]2.1 – PLC History 
Early Industrial automation made use of individual specialized circuits for each operation, making use of hard-weird electromechanical relay and timer logic control systems. These systems were functional, however had several downfalls, they provided little to no flexibility if the system requirements were to change [1].
Additionally, these relay-based systems were hard to diagnose, and fault find as there were no diagnostic capabilities within the systems. Relays are also prone to failure from repeated cycles requiring regular replacement to ensure correct operation [2].
These issues could lead to extended downtime and loss of production. This incentivized the development of an alternative solution.
PLC’s (Programmable Logic Controller’s) were developed in the late 1960’s to help solve this issue, they consist of 4 key components: Power Supply, Input Module’s, Processor and Output Module’s [3, 4]. 
[bookmark: _Toc219201654][bookmark: _Toc219391199]2.2 – Review of Different PLC Platforms
There are several different PLC’s from a range of manufacturers, some of the major brands being Siemens with their S7-1500 & 1200 range, Allen Bradley with the control Logix and compact Logix Series, Mitsubishi FX series and Schneider Modicon controllers [5]. Each controller provides a varied set of features and benefits. 
[bookmark: _Toc219201655][bookmark: _Toc219391200]2.2.1 – Siemens S7-1200
The Siemens S7-1200 is a low to medium range controller with expandable modules. Typical applications for this series are packaging plants and food manufacturing. These controllers are programmed and configured using TIA Portal [6]. 
Several communications protocols are available such as PROFINET and Ethernet/IP allowing for connectivity with HMI’s and remote I/O. 
[bookmark: _Toc219201656][bookmark: _Toc219391201]2.2.2 – Allen Bradely Control Logix
The Allen Bradely Control Logix is a high-end controller providing extensive expandability options, including redundancy and high-speed computation, Typical use cases are motion control and safety critical systems in the oil, gas and mining industries. 
Control Logix controllers provide the greatest variety in communication interfaces supporting Ethernet/IP, DeviceNet and Data Highway Plus [7]. 
[bookmark: _Toc219201657][bookmark: _Toc219391202]2.2.3 – Mitsubishi FX
The Fx series controllers are low end controllers intended for applications in small scale automation systems and OEM equipment. Several communications interfaces are available such as CC-Link and Ethernet. 
[bookmark: _Toc219201658][bookmark: _Toc219391203]2.2.4 – Schnider Modicon
The Schnider Modicon series is a mid to high end controller, programming is done via EcoStruxure Control Expert. Typical applications for this series are OEM automation systems. Several communication interfaces are also available with this PLC such as Modbus, Ethernet/IP and Profinet [8].
[bookmark: _Toc219391204]2.2.5 – PLC Comparison Table
[image: ]
Upon reviewing the available options on the market, the PLC to be used for this project is a siemens S7-1200. This controller provides more than adequate performance for this system whilst also allowing for future expandability via expansion modules and remote IO.
[bookmark: _Toc219201659][bookmark: _Toc219391205]2.3 – Programming a PLC
There are several different languages used to create the software that a PLC executes. These languages are defined in the international standard IEC 61131-3; this is the third part of the standard for Programmable Logic Controllers and covers programming languages and software architecture. There are 3 graphical languages and two text based and are as follows: Ladder Diagram (LD), Functional Block Diagram (FBD), Sequential Functional Chart (SFC), Structured Text (ST), and Instruction List (IL) [9].
Each language has its own set of benefits and drawbacks and are commonly used for different scenarios; however, all provide the same core function of controlling the outputs of the controller based on the received inputs. 


[bookmark: _Toc219201660][bookmark: _Toc219391206]3 – Factory IO Design
[bookmark: _Toc219201661][bookmark: _Toc219391207]3.1 – System Overview
Factory IO allows for a simulated environment to develop a factory process, for this assignment 4 boxes are required to be sorted. These boxes each have a unique size and weight allowing for differentiation. The chosen characteristic to sort based on was their weight. This necessitates the use of a weighing device; factory IO provides a conveyor scale which will be used for this purpose.
[bookmark: _Toc219201662][bookmark: _Toc219391208]3.2 – Hardware Components 
There were several components necessary for sorting packages and allowing for operator interface. Each component is given a unique name for identification. The names make use of the following structure:
X-DeviceName_n
X represents the group the device belongs to (Table 1), and n is the device’s number used to differentiate if several of the same device are within a group. This naming structure is also carried over to the PLC software and will be discussed further later.
[bookmark: _Ref217939046][bookmark: _Ref217939040]Table 1 - Device Group Functions
[image: ]
[bookmark: _Toc219201663][bookmark: _Toc219391209]3.2.1 – Conveyor belts
To move packages from the input section through to the sorting mechanism five 2-meter conveyor belts have been used. These will run at a constant speed allowing for deterministic locations based on elapsed time, this will be essential for later components.
The startup of the conveyor belts is sequenced; this reduces the inrush current caused by the motors starting. This ensures reliable operation and prevents unintentional operation of overload devices [10]. A delay of 1000mS is used for this purpose and is sufficient to eliminate this risk caused by inrush. This aligns with currently implemented best practices in industry [11].
To achieve this, each conveyor belt is controlled individually from the PLC and given a unique tag as described in Table 2.


[bookmark: _Ref217939353]Table 2 - Conveyor Belt Names & PLC Addresses
[image: ]
[bookmark: _Toc219201664][bookmark: _Toc219391210]3.2.2 – Pushers
4 pushers have been placed tangentially to the conveyor belt and are used to divert boxes to the correct exit. They are individually actuated by the PLC and provide 2 feedback limit switches each, one to indicate full extension and 1 to indicate full retraction. These signals are used to indicate a fault and raise an alarm if the pusher fails to extend or retract.  Signals are shown in Table 3 & Table 4
The pushers are activated dependent on the weight of the package and a time delay after exiting the weighing conveyor. 4 pushers are used to separate the 4 packages, it would be possible to reduce this number of pushers to 3 by allowing the fourth package to continue along the conveyor, however the inclusion of the fourth pusher allows for any anomalous packages to continue along the conveyor and does not end up with the sorted packages.
[bookmark: _Ref218076088]Table 3 - Pusher Limit switch names & PLC Addresses
[image: ]
[bookmark: _Ref218076102]Table 4 - Pusher Names & PLC Addresses
[image: ]
[bookmark: _Toc219201665][bookmark: _Toc219391211]3.2.3 – Conveyor Scale
The role of the conveyor scale is to provide the weight of packages allowing for the identification of the boxes size and later sorting. As the name suggests, the scale is built into a conveyor section which will be included in the inrush limiting start up sequence controlled by the PLC (Table 5). 
The scale provides analogue feedback proportional to the weight of the measured box. This signal is brought into the PLC via an analogue input (Table 6), The value can then be scaled providing the real-world weight in Kg, the value of which is then compared against pre-defined weight thresholds used to identify the package size.
[bookmark: _Ref218088689]Table 5 - Conveyor scale Name & Address
[image: ]
[bookmark: _Ref218088695]Table 6 - Conveyor scale weigher name and & Adress
[image: ]
[bookmark: _Toc219201666][bookmark: _Toc219391212]3.2.4 – Diffuse Sensors
A diffuse sensor or photoelectric sensor makes use of a light beam to detect the presence of an object in its field of view. They are beneficial as no physical contact with the object is required allowing for easy compatibility with objects of varying size [12], this is crucial for this application in the sorting system.
There are 2 of these sensors used within the system one placed tangentially on the center of the scale conveyor and the second placed at the exit of the scale conveyor. The use of the first is to detect when an acquisition of the weight can take place as the box needs to be placed completely on the scale for an accurate measurement.
The second sensor is used to provide a reliable source of when the package leaves the scale, this is necessary as the actuation of each pusher is determined on a fixed time after crossing this sensor. Both sessors provide a discrete signal back to the PLC as shown in Table 7.
[bookmark: _Ref218089608]Table 7 - Diffuse Sensor Name & Addresses
[image: ]
[bookmark: _Toc219201667][bookmark: _Toc219391213]3.2.5 – Operator input 
The system provides two methods an operator can interact with the system, physical push buttons and virtual buttons on a HMI. The physical Inputs consist of 4 push buttons and 1   E-stop button. Each gives a signal back to the PLC described in Table 8. 
The role of the first push button (Green) is to start the system, beginning the Conveyor belts and allowing for sorting to begin. 
The second push button (Red) is the stop button, this stops the sorting system, however, is interlocked waiting for the last package to exit the system before halting, preventing any issues with packages in unknown locations.
The third button is used to reset the count displayed on the package counters; this includes the count displayed on the HMI. The fourth and final push button is used to reset any stored faults or errors stored in the HMI; this may be necessary if the system has halted due to a fault condition.
The E-stop provides an immediate way of stopping the machine in case of emergency, unlike the stop button this ignores the present package interlock and ensures that the machine will stop when pressed.
[bookmark: _Ref218090331]Table 8 - Push Button Names & Addresses
[image: ]
[bookmark: _Toc219201668][bookmark: _Toc219391214]3.3 – Factory I/O Layout
The complete system layout can be seen in Figure 1 - System Overview.
[image: ] 
[bookmark: _Ref218964470]Figure 1 - System Overview

[bookmark: _Toc219201669][bookmark: _Toc219391215]4 – PLC Control Program
[bookmark: _Toc219201670][bookmark: _Toc219391216]4.1 – PLC Configuration 
For ease of development a virtual PLC will be used for this system, this is capable of communication with factory I/O and accurately emulates the physical hardware.
Upon reviewing the available options, a siemens S7-1200 PLC will be used for this application. The specific PLC is a S7-1211C DC/DC/DC This part is chosen for several reasons, Firstly and most crucially it is one of the controllers supported by factory I/O. Secondly for a system of this scale the benefits of the higher memory controllers are unnecessary, and cost can be saved from optioning the lower specification unit. 
The DC/DC/DC means that the controller is fed from a DC 24v supply, supports 24v control inputs and provides 24v control outputs [13]. This PLC also provides an Ethernet port which is used for programming and communications with the HMI. 
[bookmark: _Toc219201671][bookmark: _Toc219391217]4.2 – Control Strategy 
The previously discussed component groups are carried over to the programming shown in Figure 2. This decision was made as it enables modular development of the software, segregating code by function.
Each group contains one function where the code is contained and one data block where the data is stored. Data blocks provide several benefits over M tables, primarily organization, data is structured and defined with unique names. Another benefit over M tables is data integrity, as each tag is unique using data blocks overlapping M addresses is not possible [14].
[image: ]
[bookmark: _Ref219022090]Figure 2 - Program Blocks


[image: ]
Figure 3 - System Flowchart
 

[bookmark: _Toc219201672][bookmark: _Toc219391218]4.3 – Ladder Logic Program
[bookmark: _Toc219201673][bookmark: _Toc219391219]4.3.1 – System Control Function Block
Figure 4 – Ladder Logic Running Latch, is a typical latch arrangement, the latch can be set from either the start push button or HMI Start Button. The latch can be reset from the Estop, HMI Estop, Stop push button or HMI push button. When the latch is set the “Running” bool is set true.
[image: ]
[bookmark: _Ref219110735]Figure 4 – Ladder Logic Running Latch
Figure 5 - Ladder Logic Running Indicator shows how the running indicators are illuminated when the running flag is enabled.
[image: ]
[bookmark: _Ref219133843]Figure 5 - Ladder Logic Running Indicator
Figure 6 - Ladder Logic Belt Segment Startup Delay, This section of software is repeated 6 times. Each is activated by the previous network, the first being Activated off the running flag. Each line includes a 1000mS delay and output to its specific belt segment.
[image: ]
[bookmark: _Ref219035624]Figure 6 - Ladder Logic Belt Segment Startup Delay

[bookmark: _Toc219201674][bookmark: _Toc219391220]4.3.2 – Weighing Function Block
The Network shown in Figure 7 - Ladder Logic Weigher Package Present, takes input from the weigher entry through beam placed in the center of the conveyor scale, when activated 2 variables are set, one for indicating a package is present on the scale and the second for a package present within the system.
[image: ]
[bookmark: _Ref219194952]Figure 7 - Ladder Logic Weigher Package Present
Figure 8 - Ladder Logic weighing package flag reset, the purpose of this network is to reset the weighing package flag after 1 second has elapsed. Providing sufficient time to weigh the package present on the scale.
[image: ] 
[bookmark: _Ref219202065]Figure 8 - Ladder Logic weighing package flag reset
Figure 9 - Ladder Logic enable conveyor scale, this network stops the conveyor scale when the weighing package flag is true. The conveyor needs to be stopped for an accurate measurement to be made.
[image: ] 
[bookmark: _Ref219204607]Figure 9 - Ladder Logic enable conveyor scale
Figure 10 - Ladder Logic Sample Delay, the network introduces a 500mS Delay after weighing package flag is set. This allows for the reading to stabilize before taking a sample improving accuracy.
[image: ] 
[bookmark: _Ref219209090]Figure 10 - Ladder Logic Sample Delay

Figure 11 - Ladder Logic Take weight sample, The aim of this network is when the sample package weight flag is true, a sample will be taken from the conveyor scale then scaled and stored in the “currentPackageWeightScaled” variable. The value needs to be scaled as the raw value from the scale is 0-10V representing 0-20 Kg. to get the corrected value in Kg the raw number needs to be doubled.
[image: ] 
[bookmark: _Ref219209917]Figure 11 - Ladder Logic Take weight sample
[bookmark: _Toc219391221]4.3.3 – Pushers Function Block
Figure 12 - Ladder Logic Package Identification, is repeated for each individual package size. When the weigher exit through beam is triggered a flag to indicate what size of box is present on the scale is set for later use. The packages are identified by comparing against pre-defined upper and lower weight limits as shown in Table 9.
[bookmark: _Ref219231579][bookmark: _Ref219231572]Table 9 - Package weight identification Limits
[image: ]
[image: ]
[bookmark: _Ref219231465]Figure 12 - Ladder Logic Package Identification
Figure 13 - Ladder Logic Pusher Delay, once a package has been identified a specific time delay is introduced to allow for the package to reach its pusher. Each time delay has been chosen to ensure that a package is at the center of the pusher when it arrives and are as shown in Table 10, after the timer has its specific pusher is actuated.
[bookmark: _Ref219305587]Table 10 - Pusher Delays
[image: ]
[image: ]
[bookmark: _Ref219305351]Figure 13 - Ladder Logic Pusher Delay
The network shown in Figure 14 is used to retract the pusher once its end limit switch has been activated. This is done by clearing the flag used to extend the pusher, simultaneously the package present flag is reset as the package will have exited the system.
[image: ]
[bookmark: _Ref219312025]Figure 14 - Ladder Logic Pusher retraction


[bookmark: _Toc219201675][bookmark: _Toc219391222]5 - Alarm & Warning Strategy
[bookmark: _Toc219201676][bookmark: _Toc219391223]5.1 – Alarm Philosophy
Within this system there are two different types of alarms, these differentiate the severity of the fault an “Warning” is a low severity fault allowing the process to continue; however, a “Alarm” is a high severity issue requiring the process to be halted. This method of multi-level alarms is commonly used in industrial settings and is considered best practice for improving fault finding and system availability [15].
Alarms and Warning will remain present, stored within the PLC until manually reset by an operator. This prevents the system from continuing if a fault is still an issue and improves process safety. If a fault is still present when the reset button is used the Alarm or warning will not be cleared until the issue is resolved.
[bookmark: _Toc219201677][bookmark: _Toc219391224]5.2 – Defined Alarms & Warnings 
[bookmark: _Toc219201678][bookmark: _Toc219391225]5.2.1 – Emergency Stop 
When the emergency stop button is pressed this itself will halt the system however, an alarm should be raised for this as the system should not then begin when the E-stop is released. 
[bookmark: _Toc219201679][bookmark: _Toc219391226]5.2.2 – Box Counter Limit Exceeded
When the box Count exceeds the defined limit, a warning should be raised. This is not a safety critical fault and therefore it is safe for the system to continue, however it is necessary for an operator to be made aware that the sorted box area needs to be emptied and the counter reset to allow for clearing of this warning.
[bookmark: _Toc219201680][bookmark: _Toc219391227]5.2.3 – Pusher Failure to Extend or Retract.
Making use of the extension and retraction limit switches present within the pushers it is possible to detect a fault where the pusher fails to extend or retract within the expected time. If this has occurred an alarm is raised stopping the process as a failure has likely occurred with either the pusher or its limit switches and stopping the system is necessary. 
[bookmark: _Toc219201681][bookmark: _Toc219391228]5.3 – operational parameters
Each alarm and warning has a pre-defined parameter where if exceeded the corresponding alarm is raised. These could either be a count or time depending on the application and are shown in Table 11.
[bookmark: _Ref218093731]Table 11 - Alarm / Warning Parameters
[image: ]

[bookmark: _Toc219201682][bookmark: _Toc219391229]6 – HMI Design & Operation 
[bookmark: _Toc219201683][bookmark: _Toc219391230]6.1 – HMI Overview 
The selected PLC platform for this system is a siemens KTP700 Basic. This is a low-end HMI however provides all functionality necessary for this system. Remaining within the siemens ecosystem provides several benefits during development and integration, software for both the PLC and HMI is developed in the same software ensuring good compatibility and reliability. 
Communication with the PLC as previously mentioned will make use of Ethernet. This choice is beneficial over the alternative such as RS232 as the HMI can be placed wherever necessary communication is delt with over a standardized interface which is commonplace in industrial environments [16]. Whereas an RS232 interface would require a dedicated cable from the HMI to the PLC limiting placement options. 
[bookmark: _Toc219201684][bookmark: _Toc219391231]6.2 – Root Screen Design
The Root Screen show in Figure 15 is the first page the HMI loads after power on. This screen provides navigation between all further menus, making use of the bottom row of F keys or on-screen icons the alarms page, operator screen or engineering screen can be accessed.
An image of the plant has also been included for easy identification of the purpose of the HMI, in case of integration within a dense automation system this will reduce the likelihood of unintentional inputs. 
[image: ]
[bookmark: _Ref218330991]Figure 15 - Root screen Layout
[bookmark: _Toc219201685][bookmark: _Toc219391232]6.3 – Operator Display
The operator display as shown in Figure 16 is the most used display as it provides all functions necessary under normal operating conditions. This display has no access limitations as it is expected to be accessed by any member of plant personnel. 
There are several features included on this screen for controlling the operation of the system. These features are mirrored from the physical control panel allowing for the HMI to be mounted in a separate location, this gives the option of having a local and remote control over the system.
A status indicator is included on the operator page for quick identification of the systems state. This indicator contains 3 lights (red, amber and green) each indicating a different state, if the green light is illuminated the system is running, if the amber is illuminated a warning is present, e.g. a box count has exceeded the defined limit. Finally, if the red light is illuminated this indicates a fault is present and the system has stopped, e.g. the Emergency stop has been pressed. This indicator is the same as the physical stack lights used within the system.
In addition there are controls to start and stop the operation of the system, an e-stop for stopping the system in emergency situations, a reset button for clearing faults and allowing for the system to restart operation, an indicator for a package being present within the system and finally 4 counters for each size of box alongside a reset button for clearing the stored count.
[image: ]
[bookmark: _Ref218338490]Figure 16 - Operator Screen Layout
[bookmark: _Toc219201686][bookmark: _Toc219391233]6.4 – Fault & Warning Screen
The fault and warning screen will make use of the standard alarms page included with Siemens HMI shown in Figure 17. Making use of this system provides several advantages over making a custom fault screen, such as the menu appearing in the instant an alarm is raised providing immediate feedback to an operator.
The existing Siemens alarms page gives a list of any currently present faults or warnings present, a time stamp of when the fault was raised and a description of the fault. This page is accessible either by using the designated F key on the root or operator screen or will also appear automatically when an alarm is raised.
[image: ]
[bookmark: _Ref218359784]Figure 17 - HMI Alarms Page

[bookmark: _Toc219201687][bookmark: _Toc219391234]6.5 – Engineering Screen
The purpose of the final screen shown in Figure 18 is to allow for the alteration of select pre-defined values, in this case the maximum box count before a warning is raised. Additionally, it is desired to restrict access to this ensuring only competent personnel can alter sensitive parameters. 
A login screen shown in Figure 18 appears when attempting to access the engineering page, when a correct set of login details are entered access to the screen is given, this is also logged providing traceability to any alterations made.
[image: ]
[bookmark: _Ref218361373]Figure 18 - HMI Access control to engineering screen & engineering screen


[bookmark: _Toc219201688][bookmark: _Toc219391235]7 – Discussion
[bookmark: _Toc219201689][bookmark: _Toc219391236]7.1 – Overall System Performance 
Evaluation of the systems performance was done by making use of the “Emitter” object in Factory I/O this allowed for a random selection of the boxes to appear on the entry conveyor belt.
The system demonstrated reliable operation under normal operating conditions, correctly sorting all 4 box types into their designated location. Sensor reading from both the conveyor scale and diffuse sensors proved accurate providing the correct information for both package identification and timing.
The startup sequence behaves correctly starting each conveyor belt with the defined interval. Allowing the system to operate for an extended period did not cause any issues proving reliability under constant operation which would be expected for this type of system.
[bookmark: _Toc219201690][bookmark: _Toc219391237]7.2 – System Limitations & Recommendations
Whilst the system meets the provided specification, several limitations were identified. The chosen package identification method is effective for the 4 packages available in factory I/O however, if another package with different characteristics entered the system it would not be able to be identified and would continue to the end of the conveyor.
This could be improved by creating a more robust identification system, implementing box size identification would add a secondary data point to sort package based off, creating a database of known package dimensions and weight would allow for easy expansion of recognized sizes. 
A second shortcoming of this system is due to limitations in factory I/O relating to safety. The currently implemented safety system does not follow current safety standards. Estops are required to use safety rated hardware. The S7-1211C is therefore not suitable for this application.
To correct this issue the use of a safety rated PLC such as the 1212FC or a standalone safety relay-based system would be necessary to reach the required safety rating. For this application the safety PLC would be desirable as it would allow for easier system expandability, and the existing code can be transferred over easily only with the update of the safety features [17].
Finally, current automation trends are favoring making use of Artificial Intelligence [18], Implementation of AI in this system could be beneficial to recognize shipping labels or other identifiable features making use of computer vision [19]. This would further improve package identification reliability.



[bookmark: _Toc219201691][bookmark: _Toc219391238]8 – Conclusion
This project was successfully able to demonstrate the practical application of a Programmable logic controller within an industrial environment. This was done via the design, implementation and testing of a PLC controlled system making use of Factory I/O and a Siemens S7-1200 PLC, meeting the key objectives and system requirements given.
A review of older control systems such as relay logic and modern PLC-Based control systems allowed for the theoretical knowledge required for specifying the correct PLC for this application. This being The Siemens S7-1211C DC/DC/DC, proving an excellent choice for this application with fitting the scale and providing potential future expandability alongside compatibility with factory I/O.
A modular approach was adopted to the software, enabling clear separation of different functions, improving reliability, fault finding and future development. The implementation of function blocks and data blocks align with industry’s best practice and ensured no risk of overlapping memory addresses. Several features have been implemented in the software such as sequential startup of conveyor segments, ensuring startup current is kept to a minimum taking consideration of real-world electrical characteristics.
Evaluation of the system via simulation confirmed reliable operation during normal conditions. The package identification logic via weight measurements proved reliable at identifying the four different package sizes, allowing sorting via 4 pusher actuators. In addition, the alarm and warning strategy ensured effective fault detection and operator feedback. 
Despite the overall success of the proposed system, several drawbacks and limitations were identified. The dependance on weight-based restricts the system’s scalability, and the absence of safety-rated hardware means the system fails to comply with current safety standards.
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