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Abstract 
 

A PLC program was designed to operate a factory simulaƟon. Four box sizes were sorted by size and 
weight into separate secƟons. Different funcƟons were uƟlised such as pulse Ɵmers, delays, and 
computaƟonal operaƟons. Using sensors and pushers the boxes were sent down separate conveyors 
depending on their parameters.  

A flow chart was produced to outline the programs operaƟon. A HMI screen was designed to allow 
an engineer to operate the factory. An engineer’s screen was designed to set warning and alarm 
parameters to the program. A warning screen was designed to allow the engineer to determine the 
locaƟon of faults in the system.  
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IntroducƟon  
Throughout industry, automated processes are controlled using computers. Programmable logic 
controllers (PLCs) are a trusted method of control for countless operaƟons across a range of 
industries. This report details the design and implementaƟon of an automated box sorƟng process.  

Different types of PLCs are researched and compared, highlighƟng their pros and cons, and 
explaining their funcƟons. Using an industrial simulaƟon tool, Factor IO, an automated sorƟng 
process was designed. An arrangement of conveyors, sensors, and pushers was constructed to sort 
four different boxes by size or weight.  

UƟlising siemens TIA soŌware, a ladder program was wriƩen to operate the designed factory, HMI 
screens were uƟlised allowing the engineer to input data and control the system.  
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Background research  

PLC development  
Programmable logic controllers (PLCs) were first developed in 1969 [1, p. 7]. Since their invenƟon 
they have been uƟlised across industry for automaƟon, manufacturing, and control. Using a non-
volaƟle, programmable memory, controlled by a microprocessor controller, instrucƟons are 
implemented to carry out different funcƟons [2]. These funcƟons control machines and operaƟons 
using logic, Ɵmers, counters, and arithmeƟc [1, p. 5]. 

Inputs to PLCs are commonly sensors or switches. When a sensor is input into the PLC it will acƟvate 
the programmed output, this could be an electric motor or another control device such as a memory 
coil within the PLC [1, pp. 5,6] [3] [4]. Inputs and outputs are programmed by the engineer. The PLC 
performs a scanning cycle, this analyses the inputs and outputs implemented by the engineer and 
stores them in an input image table. The CPU then scans the program, linking the inputs and outputs 
to the instrucƟon set in the program. Once an input from the table has been detected, the 
corresponding instrucƟon set is carried out [3] [5]. This is a conƟnuous cycle producing an efficient 
and reliable automated process [4].     

PLCs were designed to replace electromechanical relay circuits used to automate manufacturing. 
These relay coils were physically wired, producing a complex circuit requiring a relay ladder diagram, 
detailing their operaƟon [6, pp. 329-333]. For ease of transiƟon, PLC programming was designed to 
follow the same language, ladder logic. Ladder logic is the main programming language used for 
PLCs. An example of a ladder program can be found in figure 1 [7]. The first rung of the ladder 
depicts a normally open input connecƟng to an output coil. The second rung depicts a logic AND 
funcƟon, where the output will only become energised when both normally open inputs are 
acƟvated. Rung 3 shows an OR funcƟon, the output will be energised when either of the inputs are 
acƟvated [1, pp. 121,122].  

Figure 1 - Ladder program example [7] 
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PLC construcƟon 
There are mulƟple types of PLC available today, they all follow the same basic construcƟon. Each 
type of PLC uƟlises a power supply, an input/output controller, programming device, memory, 
communicaƟon interface and CPU [1, p. 7]. This can be seen in figure 2 [1]. 

 

The two main types of PLC are fixed and modular [4]. A fixed type, or compact PLC is uƟlised for 
smaller applicaƟons. They offer a low number of fixed inputs and outputs. The compact PLC contains 
all the required components listed in figure 2 in a single unit. Figure 3 shows an example of a 
compact PLC, the Omron CP1L [8].  

Figure 2 - PLC construcƟon [1]. 

Figure 3 - Compact PLC, Omron CP1L [8] [1] 
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A modular PLC is made up of mulƟple modules which fit into a rack. Unlike the fixed PLC which offers 
screw in terminals for I/O, a modular PLC will require an I/O module which fits in the rack. All the 
features of a PLC listed in figure 2 are individually added to the rack. This type of PLC can be easily 
upgraded as any module can be interchanged. More memory, a faster CPU, a bigger power supply or 
more I/O ports can be added simply by upgrading the corresponding module [1] [9] [10, pp. 14,15]. 
An example of a modular PLC can be seen in figure 4, a Mitsubishi iQ-R series [11]. Figure 5 displays 
the modules they offer [11]. 

 

Figure 4 - Modular PLC - Mitsubishi iQ-R [11] 

Figure 5 - Mitsubishi modules [11] 
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PLC comparison 
There are many different types of PLC used in industry, as discussed there are compact units and 
modular units. Each manufacturer offers a different soluƟon to meet the customer’s needs. Some of 
the most popular manufacturers are Siemens, Allen Bradley, Mitsubishi, and Omron [2]. Table 1 
below compares four different PLCs from different manufacturers. 

 

The siemens S7-1200, shown in figure 6, is a favourite for its ease of use. Siemens soŌware, TIA, is 
simple to grasp and easy to program. The S7-1200 PLC can be used on its own as a standalone unit or 
expansion modules can be added to cater for industrial requirements [12]. Pros and cons of the S7-
1200 can be seen below in table 2.   

Table 1 - PLC comparison [12] [14] [14] [8] 

Figure 6 - Siemens S7-1200 PLC [12] 

Table 2 - Siemens S7-1200 pros and cons [12] 
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The Allen Bradley micro 870 can be seen in figure 7. Like the S7-1200, the micro 870 series can be 
used on its own, or as a modular unit depending on the industries requirements. Although Allen-
Bradley is commonly used throughout industry, engineers oŌen complain about the short fall of its 
soŌware [13] [14]. The pros and cons of the micro870 can be seen below in table 3.  

 

Figure 7 - Allen Bradley Micro 870 [14] 

Table 3 - Allen-Bradley Micro870 Pros and cons [14] 
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The Mitsubishi IQ-F is an older PLC shown in figure 8. The IQ-F offers high processing speeds, 
designed to keep up with fast manufacturing processes. Mitsubishi soŌware is efficient and easy to 
grasp, making programming undemanding for engineers. The pros and cons of the IQ-F can be seen 
below in table 4 [15].   

Figure 8 - Mitsubishi IQ-F PLC [15] 

Table 4 - Pros and cons of Mitsubishi iQ-F [15] 
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The Omron CP1L, figure 9, is a compact PLC. Without expansion It has the most input capabiliƟes of 
the four PLCs compared. Due to its compact nature, its shorƞall is a lack of communicaƟon opƟons as 
it only offers USB communicaƟon. The pros and cons of the CP1L can be seen in table 5 [8]. 

Figure 9 - Omron CP1L PLC [8] 

Table 5 - Pros and cons of Omron CP1L PLC [8] 
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Factory design  
In order to design a PLC program capable of sorƟng four boxes, a factory was first designed. Using 
factory IO simulaƟon soŌware, a conveyor system was developed uƟlising diffuse sensors, pushers 
and weighing scales. Four different boxes were emiƩed onto the conveyor. A palleƟsing box, labelled 
as small, a large box and two medium sized boxes which were labelled medium light and medium 
heavy. An overview of the designed factory can be seen below in figure 10.  

 

 

 

 

 

 

 

 

Figure 10 - Factory overview 
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The green arrow emits the different sized boxes, following that a diffuse sensor is acƟvated by a box. 
This sensor is used to count the total boxes emiƩed. Further down the conveyor a second diffuse 
sensor is located. The sensor is set at a strategic height, all boxes apart from the smallest, palleƟsing 
box, acƟvates the sensor. When the sensor is acƟvated, aŌer a Ɵme delay the first pusher is 
acƟvated. The pusher sends the larger boxes onto a separate conveyor, the smallest box conƟnues 
down the original conveyor, this can be seen in figure 11.  

 

 

ConƟnuing down the original conveyor the small box acƟvates another diffuse sensor, the sensor 
counts small boxes. At the end of the conveyor another diffuse sensor counts down the small boxes. 
Discrepancies in this count are used to acƟvate an alarm. The small box is then weighed on a 
conveyor scale, figure 12. If the box is over a set weight an overweight alarm is triggered.  

 

  

Figure 11 - Box separaƟon 

Figure 12 - Small box on scale 
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Boxes separated onto the secondary conveyor pass through another diffuse sensor. This sensor is 
posiƟoned to allow medium boxes to pass underneath it. Large boxes acƟvate the sensor which aŌer 
a delay, acƟvates the second pusher. This can be seen in figure 13 below. The pusher counts the large 
boxes, the next diffuse sensor counts them down. If a box is missing a warning or alarm is acƟvated. 
The box is then weighed on a scale, if the box is over a set weight an alarm is flagged. 

 

  

Figure 13 -Large box separated 
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The remaining boxes are the medium boxes. As they are the same height they can only be sorted by 
weight. The boxes are weight on a conveyor scale, boxes over a set weight are sent leŌ by a pop-up 
sorter. Boxes under a set weight are sent right by the sorter. AŌer sorƟng, a diffuse sensor on each 
corner conveyor counts the boxes. Another sensor at the end of the conveyor counts down the 
boxes. A discrepency on either triggers an alarm or warning. Boxes found to be over a set weight 
triggers an overweight alarm. This is shown below in figure 14. 

 

 

For the warning system, each box chute has an individual stack light. When an alarm is triggered, the 
corresponding red stack light is acƟvaƟng. If a warning is triggered the yellow stack light will 
illuminate. When the system is running normally each stack light is green. These stack lights are 
shown below in figure 15. 

  

Figure 14 - Medium box sorter 
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In addiƟon to the warning indicator stack lights on each chute, there are also two global stack lights 
located at the back corners of the factory as seen in figure 16. These global stack lights are green 
when the system is not running, indicaƟng site safety. When any alarm is triggered the global stack 
lights illuminate red. When any warning is triggered, they indicate yellow. Figure 16 also shows the 
alarm siren in the middle. This siren is used to alert the operator of an alarm. 

  

Figure 15 - Chute stack lights 

Figure 16 - Global stack lights 
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The main control panel seen in figure17 includes a start buƩon, with a green indicator light and a 
stop buƩon, with a red indicator. It includes an emergency stop which is also linked to a door 
interlock as seen in figure 18. On the control panel is an alarm siren which sounds to alert works of 
the conveyors starƟng. This also acƟvates the warning lights which are located throughout the 
factory. 

 

  

Figure 17 - Control panel 

Figure 18 - Door interlock 
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Each scale conveyor has a control panel which displays the weight of the box as it is weighed, see 
figure 19. 

 
 

  

Figure 19 - Scale conveyor digital displays 
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Factory flowchart 
The basic operaƟon of the factory can be visualised in the flowchart below, figure 20. Inputs and 
outputs are labelled with the tags assigned in the program. 

 

 

 

 

 

 

 

  

Figure 20 - Program flowchart 
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HMI screens 
To allow the operator to interact with the factory HMI screens were designed. Human machine 
interface (HMI) screens offer the engineer a graphical means of interacƟng with the system. A HMI 
screen must inform the engineer how the system is funcƟoning and allow adjustable parameters to 
be set [9]. 

 A root screen as shown in figure 21, allows the operator to start and stop the system, an emergency 
stop buƩon is also included. The counters or enƟre system can be restarted using the corresponding 
buƩons. Indicator lights are programmed to show whether the system is stopped or running, 
whether the safety door is open and whether the emergency stop is depressed. The root screen also 
displays the total box count, and each individual box size count. The weight of box on each scale is 
also displayed. The global stack lights are replicated on the root screen. The individual stack lights are 
replicated on a second HMI screen as seen in figure 22. Each screen allows the user to toggle to the 
desired screen. 

  

Figure 21 - Root screen 
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When a stack light in the factory is acƟvated, the corresponding stack light on the HMI screen is also 
acƟvated. This is linked to the warnings and alarms strategy.  

  

Figure 22 - Stack lights replicaƟon 
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To allow the engineer to input parameters into the program, an engineering screen was designed as 
shown in figure 23. For the warning and alarm system, the engineer must program how many boxes 
they require to trigger each output.   

Figure 23 - Engineer's screen 
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To aid the engineer in visualising which warning, or alarm was triggered, the warning screen was 
designed. When a warning or alarm is triggered, the corresponding light is acƟvated.  This is shown in 
figure 24. 

 

Figure 24 - Warning screen 
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Warnings and alarm strategy 
A warning and alarm system was programmed into the system. Each box size was given its own 
warning system which was linked to the corresponding stack light. Parameters for each warning are 
input by the engineer. Warning 1 and alarm 1 are used to determine if a large box has fallen off the 
conveyor. If a box falls of the conveyor between the pusher and the sensor highlighted in figure 25, 
the warning or alarm is triggered. Alarm 2 is triggered if the large box is over a set weight on the 
scale conveyor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 25 – Alarm 1 + warning 1 
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Warning 2 and alarm 3 are triggered by a missing small box. The boxes are counted by the sensors 
highlighted in figure 26. If a box falls off between these sensors the warning or alarm is triggered. 
Alarm 4 is triggered if a small box is over a set weight on the scale conveyor.  

Figure 26 - Warning 2 + Alarm 3 sensors 
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Warning 3 and alarm 5 are triggered by a missing lightweight medium box. These are counted by the 
sensors highlighted in figure 27.   

 

Warning 4 and alarm 6 are triggered by a missing medium heavy box, controlled by the sensors 
highlighted in figure 28. Alarm 7 is controlled by the medium box scale and is triggered if the box is 
overweight. 

 

 

  

Figure 27 - Light box warning 3 + alarm 5 

Figure 28 - Warning 4 + alarm 6, Heavy box 
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Warning 5 and alarm 8 are triggered by the total box count, set by the engineer. The first diffuse 
sensor counts up and each diffuse sensor labelled in figure 29 counts down.  

  

Figure 29 - Warning 5 and alarm 8, total box error 
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Ladder Program  
In order to operate the factory as designed, the PLC must be programmed. A ladder logic program 
was wriƩen using Siemens TIA soŌware. The full program can be found in appendix 1. Figure 30 
shows the first two rungs of the ladder. The first rung controls the whole factory operaƟon. A 
normally open (NO) contact is linked to the start buƩon on the factory IO control panel, when it is 
pushed the output “factory operate” is acƟvated as well as the green indicator light. When the 
output is triggered, it is “latched” on, meaning the factory stays running unƟl the signal is 
interrupted. Both the “stop buƩon” and the “Emergency stop” are capable of interrupƟng. The 
second rung links the emergency stop buƩon from the control panel and the emergency stop from 
the HMI screen to a combined output. The Door interlock is also linked to this output. When either 
the door, HMI E-stop or control panel E-stop is acƟvated, the emergency stops normally closed (NC) 
contact in the first rung will stop the factory. 

  

Figure 30 - Rungs 1 and 2 of the ladder program. 
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The next network of the ladder conƟnues the factory operate funcƟon.  A TP Ɵmer generates a two 
second pulse which sounds an alarm to announce the movement of the conveyors. Siren lights 
around the factory are also triggered by the pulse to warn workers. This can be seen in figure 31. 

 

Figures 32-34 show the conƟnued factory operate funcƟons. TON Ɵmers are used to input a delay for 
each conveyor. An increased delay ensures each conveyor starts up at a different Ɵme, minimising 
start up current. Scale conveyors include a normally closed input, this flag is used to stop the 
conveyor while it is loaded. This prevents addiƟonal boxes being added to the scale.  

  

Figure 31 - Rung three 



Tomos Hall (2219188) Applied PLCs (ACDA6000) Page 29 of 55 
 

 

 

Figure 34 - Factory operate, conveyor funcƟons Figure 33 - Factory operate, conveyor funcƟons conƟnued 

Figure 32 - Factory operate, conveyor funcƟons conƟnued 
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The next network is used to control the global stack lights, these are the stack lights in the factory 
that aren’t specifically linked to a box size. Both global green stack lights are saved to a single 
memory core to simplify use later in the program. The global green stack light is programmed to be 
on when the factory is not running, this shows workers it is safe to enter the conveyor area. The red 
and yellow global stack lights are linked in the same way as the green. This is shown in figure 35. 

  

Figure 35 - Global stack set up 
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The next network controls the system reset buƩon programmed to the HMI screen. This is used to 
reset all scales and counters in the system. This network is shown in figure 36. 

  

Figure 36 - System reset 
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The next network, figure 37, controls the total count of the system. It is linked to the first diffuse 
sensor in the factory and counts every box emiƩed. The value is displayed on the HMI screen.  

 

 

The next network controlls the first pusher, pushing large and medium boxes onto the next conveyor. 
A Ɵme delay of 300mS is used to push the box at the required Ɵme. See figure 38.  

Figure 37 - Total counter 

Figure 38 - Pusher 1 
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The same operaƟon is uƟlised again to push the large boxes onto the next conveyor, shown in figure 
39.  

 

The next network controlls all three scale conveyors. Each scale uses a diffuse sensor to sense when a 
box is loaded, this is saved to a memory funcƟon, figure 40.  

  

Figure 39 - Large box pusher 

Figure 40 - Scale conveyor sensors (Box loaded) 
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The next network, figure 41, controls the scale conveyors for each box. Using the “box loaded” 
memory from the previous network, a flag is set for each box size. A Ɵme delay is added to allow the 
box to be weighed. Another flag is set whilst the box is weighing, aŌer another Ɵme delay, both flags 
are reset allowing the conveyors to restart.  

 

The next network, 42, uses a move funcƟon to take the data from the scales and display it on the 
digital display for each box size’s panel.  

 

Figure 41 - Scale conveyor flags 

Figure 42 - Scale digital display 



Tomos Hall (2219188) Applied PLCs (ACDA6000) Page 35 of 55 
 

The next network, figure 43, controls the pop-up sorter. Using the “weighing” flag from figure 41 to 
determine when the sorter is required, two comparator funcƟons are used. Each comparator 
compares the weight of the box with a set value. If the box is greater than or equal to 4.5, the sorter 
pops up leŌ, reseƫng any right bias. If the value is less than or equal to 4.4, the sorter sets right, 
reseƫng leŌ. The box weights are set as “real” inputs as they represent fracƟonal decimal numbers. 

Figure 43 - Pop-up sorter 
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The next four networks control the counters for each box size. A counter is a compuƟng funcƟon 
provided by TIA. They operate using diffuse sensors near the end of each conveyor, providing an 
accurate count of each box size that leaves the system. This can be seen in figure 44 and 45. Each 
counter is connected to the counter reset buƩon on the HMI screen.  

Figure 44 - Small and large box counters 
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The next network, shown in figure 46, controls the warning and alarm system. Each warning and 
alarm is programmed to a specific byte, this means when any alarm is triggered, the whole byte is 
triggered. When the warning byte is triggered, it raises a warning “flag” and turns on the yellow 
global stack lights. When the alarm byte is triggered, it triggers an alarm flag and alarm master, as 
well as the red global stack lights. Using a pulse Ɵmer a siren is triggered by the alarm.  

Figure 45 - Medium box counters 
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Figure 46 - Warnings and alarms bytes 
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The next two networks, shown in figures 47 and 48 control the warnings and alarms for the large 
boxes. Network 19 uƟlises an up/down counter to determine if a box is missing. The large box pusher 
counts up the boxes pushed onto the conveyor and then a diffuse sensor at the end of the conveyor 
counts them down. The output of the counter is stored in a memory write which is then compared to 
another memory write funcƟon set by the engineer’s screen. This is done using a greater than or 
equal to comparator, if the counter value is greater than the engineer’s set value the warning or 
alarm is triggered. A Ɵme delay was required to stop the alarm from sounding before the box exited 
the conveyor. The alarm or warning output was then used to trigger the corresponding stack light.  

  

Figure 47 - Large box warnings and alarms 
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ConƟnuing the large box warning system in figure 49, when the red and yellow stack light are not on, 
the green stack is acƟve. This acts as a visual aid to allow the operator to see which conveyor has a 
warning or alarm. The large overweight alarm is then acƟvated using a comparator funcƟon. When 
the weight from the scales is present and its over 12 the alarm is triggered. As the weight is only 
available when the box is on the conveyor, the output is latched on, a NC contact is included to reset 
the system.  

Figure 48 - Large box warning and alarms 
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Figure 49 - Large warning and alarm conƟnued 
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The same warning and alarm system is employed for the small box conveyor as seen below in figures 
50 and 51. 

 

  

Figure 50 - Small count warning and alarm system part 1 
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Figure 51 - Small count warning and alarm system part 2 
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The same system is also employed for the medium box warning and alarm system. The medium 
systems are split for the lighter medium box and the heavy medium box. The light box system is 
shown in figures 52 and 53.   

Figure 52 - Light box warning and alarm system part 1 
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Figure 53 - Light box warning and alarm system part 2 
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The heavy box warning and alarm system is shown in figures 54 and 55.  

Figure 54 - Heavy box warning and alarm system part 1 
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Figure 55 - Heavy box warning and alarm system part 2 
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The next network, figure 56, controls the total box warnings and alarms. Using an up/down counter, 
the boxes are counted up using the first diffuse sensor, they’re then counted down by each sensor at 
the end of the conveyors. The value is again compared to a set value from the engineer’s screen to 
trigger the warning. The total box waring must be set to at least 9 boxes to allow for the boxes to 
reach the end of the conveyor before sounding the warning or alarm.  

  

Figure 56 - Total box error warning and alarm system 
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PLC tags 
PLC and HMI tags were labelled to link funcƟons from the factory to the program. Names were given 
based on the funcƟon of the operaƟon [16]. All inputs into the PLC were tagged as shown in figure 
57. Inputs are set as a Boolean data type meaning their outputs are either off or on, 0 or 1 [1].  

 

 

Scale weights were tagged as real values as seen in figure 58. A “Real” represents a number as a 
decimal fracƟon, in this case it is used as the box weight is not a whole number [1]. 

 

Figure 57 - Input tags 

Figure 58 - ID tags 
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All outputs were tagged as Boolean values as shown in figure 59.  

  

Figure 59 - Output tags 
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Outputs saved to memory locaƟons were tagged as shown in figure 60.  

 

OperaƟons used to write to memory were saved as integers tagged as shown in figure 61. An integer 
refers to a signed number from -32768 to +32768, this refers to the number of bits available in the 
PLC [1].  

Figure 60 - Memory tags 

Figure 61 - Memory write tags 
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Warnings and alarms were saved to bytes as shown in figure 62. The Boolean outputs are stored to 
the same byte of memory [1] . 

  

Figure 62 - Warnings and alarm tags 
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Conclusion  
A PLC program was designed to control a factory, sorƟng four different boxes by size and weight. The 
program funcƟons by taking inputs from diffuse sensors throughout the factory and performing the 
required operaƟon. Large and medium boxes acƟvate the sensor, causing a pusher to divert them to 
a secondary conveyor. Small boxes conƟnue down the main conveyor where they are weighed and 
then removed. Large boxes then trigger another diffuse sensor, causing them to be pushed off the 
secondary conveyor. They are then weighed and removed from the system. The medium boxes 
conƟnue down the secondary conveyor unƟl they are sorted by a pop-up sorter diverƟng them leŌ 
or right based on their weight.  

If a box of any size goes missing in the system an alarm or warning is triggered controlled by 
parameters input by the engineer. Boxes that are over a set weight will also trigger an alarm.  

The designed system funcƟons as required. Due to the method of design and lack of planning, some 
PLC tags or funcƟon labels may not be in a logical order. To overcome this downfall, the factory and 
program should have been planned out beforehand. This would ensure all tags and labels would be 
in a logical order.   
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