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ABSTRACT 
 

Recently, it can be seen that the implementation of PLC is being massively understood 

and also being used everywhere in digitally moving world. The applications of PLCs are 

being implemented or applied in every private or public sector industries. Generally, we 

know that the Programmable logic controllers are being used in the automated industrial 

process field is to control any mechanized movements of small-scale machine and 

heavy or large machines for creation of a proficient production along with accurate and 

precise processing of signals received.  

Here we will discuss the need of automation in industries for better future prospectus of 

our nation with the implementation of programmable logic controller (PLC) and data 

acquisition system.   

A simulated prototype in software for the usage in every process industry like beverage, 

food processing industries and even in big pharmaceuticals companies is main purpose 

here. For getting automation in filling of various compositions of materials into the 

various types of containers which is to be based upon material type of the container i.e. 

metallic one or non-metallic ones, or to be based upon different heights.  

For example, if we are considering the basis of distinguish over material type i.e. 

metallic container and non-metallic container, we will be having three different material 

compositions to be filled into the metallic container and two different material 

compositions into non-metallic containers. After the implementation of above discussed 

process, both types of containers will go into the capping unit and after that labelling 

unit separately. The process will be terminated after the counting of both type 

containers. 
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The process as a whole is being divided into two sub processes i.e. monitoring and 

visualization of the entire process is being carried out in Supervisory Control and Data 

Acquisition System (SCADA) software from Wonderware INTOUCH and entire 

process will be controlled with the use of OMRON 24 I/O NX1P2-9024DT1 PLC and 

simulation in  SYSMAC STUDIO software.  

 

 

 



 

vii  
 

 

“TABLE OF CONTENTS” 
 

 

 

PARTICULARS                                                                                                             PAGE NO. 

 

“ 

CANDIDATE’S DECLARATION ii 

CERTIFICATE iii 

ACKNOWLEDGEMENT iv 

ABSTRACT v 

“TABLE OF CONTENTS” vii 

LIST OF FIGURES ix 

ACRONYMS xi 

CHAPTER 1. INTRODUCTION  1 

1.1  GENERAL 1 

1.2  AIM OF THE PROJECT 3 

1.3  DEVELOPMENT OF PROJECT 4 

1.4  PERSPECTIVES OF THE PROJECT 5 

CHAPTER 2. PLC AND SCADA 6 

2.1  ABOUT PLC 6 

2.2  APPLICATIONS OF PLC 7 

2.3  PLC AND RELAY (HARD-WIRED) CONTROL LOGIC DIFFERENCES 9 

2.4 WHAT’S INSIDE A PLC? 9 

2.5 PLC BLOCK DIAGRAM REPRESENTATION 10 

2.5.1  Switched Mode Power supply (SMPS) 10 

2.5.2  Input Module or Port 11 

2.5.3  CPU (Central Processing Unit) 12 

2.5.4  Output Module 13 

2.5.5  Program Memory 14 

2.6 ABOUT SCADA 15 

2.7  SCADA SYSTEM CONTROL STRATEGIES 15 

2.8  FUNCTIONALITY OF SCADA SYSTEM 17 

CHAPTER 3. PROGRAMMING OF PLC 18 

3.1  GENERAL 18 



 

viii  
 

3.2  LADDER LANGUAGE 18 

3.3  LADDER PROGRAMMING BIT LOGICS & COMMON INSTRUCTION 19 

3.3.1  Timing Instructions (Timers) 21 

3.3.2  Counting Instructions (Counters) 25 

3.3.3  Output Sequence Instruction 29 

CHAPTER 4.  COMMUNICATION 31 

4.1  GENERAL 31 

CHAPTER 5.  SYSTEM DESIGN 35 

5.1  AUTOMATION IN BEVERAGE INDUSTRIES 35 

5.2  SEQUENCE OF THE BEVERAGE INDUSTRY PROCESS 35 

5.3  BLOCK REPRESENTATION OF PROCESS 36 

5.4  PROCESS MODELLING IN SCADA 38 

5.5  COMPONENTS INFORMATION 39 

5.5.1  PLC (Programmable Logic Controller (OMRON NX1P2-9024DT1) 39 

5.5.2  Programming of PLC in software 40 

5.5.3  Wonderware intouch SCADA software 42 

5.5.4  Inductive proximity IPR sensor IME08 44 

5.5.5  Photoelectric retro-reflective sensor - GL6-P4212 45 

5.5.6  DC Drive (CURTIS 1212S) & Rotomag 1KW DC motor 46 

5.5.7  Solenoid Valves 47 

CHAPTER 6.  FLOW DIAGRAMS 48 

6.1  PROCESS DESCRIPTION WITH FLOW DIAGRAMS 48 

CHAPTER 7.  INFERENCE AND RESULTS 52 

7.1  EXPLANATION 53 

7.2  METALLIC CONTAINER MOVING CASE 53 

7.3  NON-METALLIC CONTAINER MOVING CASE 59 

7.4  COUNTING OF CONTAINERS 65 

CHAPTER 8.  CONCLUSION AND FUTURE SCOPE                                                66             

   

REFERENCES 67 

 

 

 

 



 

ix  
 

 

 

LIST OF FIGURES 
 

 

 

 

 
Figure 1: PLC Architecture ............................................................................................. 10 

Figure 2: SCADA System............................................................................................... 16 

Figure 3: Bits Notation ................................................................................................... 19 

Figure 4: Pictorial representation of TON ...................................................................... 21 

Figure 5: Pictorial representation of  TOF ...................................................................... 23 

Figure 6: Pictorial representation of AT ......................................................................... 24 

Figure 7: Pictorial representation of CTU ...................................................................... 25 

Figure 8 : Pictorial representation of CTUD .................................................................. 27 

Figure 9: Pictorial representation of CTD ...................................................................... 28 

Figure 10: Graphical expression of SR ........................................................................... 29 

Figure 11: Block Diagram of the Process ....................................................................... 37 

Figure 12: Model ............................................................................................................ 38 

Figure 13: OMRON PLC ................................................................................................ 39 

Figure 14: Interfacing Screen ......................................................................................... 42 

Figure 15: SICK IME08 ................................................................................................. 44 

Figure 16: GL6 Sensor and GL6 Reflector ..................................................................... 45 

Figure 17: Rotomag Motor and Curtis Drive .................................................................. 47 

Figure 18: Solenoid Valve .............................................................................................. 47 

Figure 19: Flow Diagram 1 ............................................................................................. 48 

Figure 20: Flow Diagram 2 ............................................................................................. 50 

Figure 21: Flow Diagram 3 ............................................................................................. 51 

Figure 22: Initiation of the process ................................................................................. 52 

Figure 23: Sorting with code .......................................................................................... 53 

Figure 24: Tank 1 level with code .................................................................................. 54 

Figure 25: Tank 2 level with code .................................................................................. 55 

Figure 26: Tank 3 level with code .................................................................................. 56 

Figure 27: Capping with Code ........................................................................................ 57 

Figure 28: Labelling with Code ...................................................................................... 58 

Figure 29: Non-detection with Code .............................................................................. 59 



 

x  
 

Figure 30: Tank 1 level with code Case B ...................................................................... 60 

Figure 31: Tank 2 level with code Case B ...................................................................... 61 

Figure 32: Tank 3 level with code Case B ...................................................................... 62 

Figure 33: Capping with Code Case B ........................................................................... 63 

Figure 34: Labelling with Code Case B .......................................................................... 64 

Figure 35: Counting Code ............................................................................................... 65 

 

 

 

 

 

  



 

xi  
 

ACRONYMS 
 

 

 

 

 
PLC                                           Programmable Logic Controller 

SCADA                                     Supervisory Control and Data Acquisition 

CPU                                           Central Processing Unit 

VFD                                           Variable Frequency Drive 

PMMC                                                           Permanent Magnet Moving Coil 

PC                                                                      Personal Computer  

LAN                                                                 Local Area Network 

IPR                                             Inductive Proximity 

LED                                            Light Emitting Diode



 

1 

 

 

CHAPTER 1 

INTRODUCTION 

1.1  GENERAL 

Industrial tautomation tis tthe tuse tof tcontrol tsystems, tsuch tas tcomputers tor trobots, tand 

tinformation ttechnologies tfor thandling tdifferent tprocesses tand tmachineries tin tan tindustry tto 

treplace ta thuman tbeing. tIt tis tthe tsecond tstep tbeyond tmechanization tin tthe tscope tof 

tindustrialization. tThe tmain tidea tbehind tthe tterm t“Automation” timplies tthe tcontrol tof 

tindustrial tprocesses twith tvery tlittle thuman tintervention [1]. tThat’s twhy tthe tcompanies tin tthe 

tindustrial tsector tare trequired tto tadopt tflexible, tcost teffective tand tefficient tprocesses tto tbe 

tcompetitive. tPreviously, tthe tconventional tindustrial tprocesses twere tmainly tcontrolled 

tmanually tby tman tpower twhich twas tmore ttime tconsuming tand talso texpensive. tBut twith tthe 

tintroduction tof tautomation tin tthe tindustry, tall tthese tissues twere tresolved tby tenforcing 

tsystems tlike tmachinery, tsoftware [2] tetc. tthat twork tincorporated tto tgain tmore tflexibility, 

tmore tquality tproducts tin tlesser tproduction ttime twith ta tgreat tcost-effective tmanner. 

tAutomation talso tminimizes tthe tprobability tof tfrequent terrors toccurring tin ta tprocess twhich tin 

treturn tconserve tthe tenergy tand tresources tin tbatch tprocesses [3]. t 

Industry t4.0 [4], tthe tcurrent ttrend tof tautomation, thas tbeen tdeveloped tto tanswer tall tthose 

tchallenges twhich twere tfaced tduring tmanual toperation tlike tirregular tand tinconsistence 

tinspections tby toffering tvarious tadvantages tlike tinteroperability, tvirtualization, 

tdecentralization, treal-time tdata tacquisition tetc [5]. tAlthough tmany tpeople tin tthe tindustrial 

tsector tseem tvery tinterested tby tthe tconcept tof tIndustry t4.0, tthere tis tnot tonly ta tsingle tway tto 

tdescribe tor tdefine tit. tIt tcan tbe tseen tas ta tway tto tcombine tcomplex tmachineries tand tdevices 

twith tsensors tand tsoftware tconnected ttogether tin ta tnetwork, tutilized tto tcontrol, tpredict tand 

torganize tbetter toutcome tfor tbusiness tprocesses . 

Industrial tautomation [6] thas talways tbeen ta thot ttopic tfor tfinding tnew tways taiming tfor 
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tgaining tmore tproductivity tin tthe tprocesses talong twith treducing tthe tcomplexities ttearlier 

trelay tlogic tcontrol t(hard twired tcontrol) twas tused tin tthe tindustries tbut tdue tto tits tmajor 

tdrawbacks tlike tcomplex tand tfrequent twiring, tbulky tcontrol tpanels, ttime tconsuming tlogics 

tand tuneasy ttroubleshooting, tit thas tbeen treplaced tby tPLC [7]. tPLC tprovide treliability, 

tflexibility tand tease tin tprogramming thas tremoved tall tthose tproblems tthat twere tbeing tfaced 

twhile tusing thard twired tlogic [8]. 

A tprogrammable tlogic tcontroller t(PLC) tis tconsidered tas ta tsolid-state tdevice t(SSD), tthat tis 

tdesigned tto taccomplish twork twhich twas tpreviously tdone tby telectromechanically trelays [9]. 

tA tPLC tis tbasically ta tcontroller twhich tis tbased tupon tON-OFF tlogic tstates ti.e. tON-OFF 

tcontroller. tHence tfirstly tall tthe tsequences tof tlogic tstates tare tprogrammed tthen tthey tare 

tlogically tprocessed tby tthe tCPU tpresent tin tthe tPLC. tAll tthe toperations tare tdone tin torder tto 

tcontrol ta tprocess, toperations tof tmanufacturing tequipment tin tmanufacturing tunits tand 

tmachinery. tSo tdue tto tthese tfacts tPLCs tare tconsidered tin tthe tcomputer tfamily. tThey tare tthe 

tmain theart tof tthe tcommercial tand tindustrial tapplications tprocesses [10]. 

Initially tthe tPLC twas tused tto treplace trelay tlogic, tbut tits tever-increasing trange tof tfunction 

tmeans tthat tit tis tfound tin tthe tmany tand tmore tcomplex tapplications. tAs tthe tstructure tof ta tPLC 

tis tbased ton tthe tsame tprinciple tas tthose temployed tin tcomputer tarchitecture, tit tis tcapable tof 

tperforming tnot tonly trelay tswitching ttasks tbut talso tother tapplications tsuch tas tcounting, 

tcalculating tcomparing tand tthe tprocessing tof tanalog tsignals [11-13]. 

PLC twas tinvented tin tthe t60/70’s tfor tthe tautomotive tmanufacturing tindustry. tSince tthen tit 

thas tshaped tinto tone tof tthe tmost tversatile tand thandy ttool tthat tis tbeing tused tfor tindustrial 

tautomation [14]. tThe tworking tand tcomputational tknowledge tof tPLCs tand tother 

tmicroprocessor-based tcontrol tsystems tare tvery tcritical tto ttechnical tpersonal twho tare tstaying 

tcurrent twith ttechnology tin tindustry tnow ta tdays [15,18]. 

PLC tis tthe thub tof tmany tmanufacturing tprocesses. tThese tmicroprocessor-based tunits tare tbeing tused 

tin tevery tprocess twhether tit tis tas tsimple tas tboxing tmachines tor tbagging tequipment tto tcontrolling tand 

ttacking tsophisticated tmanufacturing tprocesses. tThey tare tbasically tin tall tnew tmanufacturing, 

tprocessing tand tpackage tequipment tin tone tform tor tanother. tBecause tof ttheir timmensely tused tin 

tindustries [17], tit tis tbecoming tmore timportant tto tlearn tskills trelated tto tthese tdevices. 
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1.2   AIM OF THE PROJECT 

The prime aim or objective of this project is to monitored or visualized an automatically 

running beverage process industry with the help of a Supervisory Control and Data 

Acquisition (SCADA) system and the controlling and handling the entire process will be 

done through an OMRON PLC. In this whole project we are going to use a 24 I/O (NX1P2-

9024DT1) PLC from OMRON which will be programmed or simulated in OMRON own 

Sysmac Studio Software for programming with simple ladder logic coding or programming. 

Supervisory control SCADA software that we are going to use throughout this project is 

Wonderware INTOUCH SCADA software for visualizing or monitoring purpose. The 

SCADA system is complied with its own central processing unit along with the software 

package that will be used to handle, control and monitor various remote terminal units 

which are being placed all around the field. SCADA allows data handling and logging, 

graphical or visual representations, monitoring & correcting alarm system, changing and 

defining setpoints of the process etc. 

The whole project is being converted or sectioned into multiple sections. Initial section 

focusses primarily over introductionary part of the automation in the industries & 

automation importance in the private and public sector. The second section is devoted to the 

beverage process industry automated process with different stages of filling mainly. The 

later part of the section elaborates an entire design layout of the whole automated container 

handling process in PLC & SCADA software. The very important fourth part focuses over 

the process flowing through charts and their explanations. The ending section depicts every 

simulated result from PLC & SCADA software along with the conclusions steps by steps. 

           Steps involved in the entire project of the automated beverage industry [19] process: 

STEP1: Sortation of containers by the Inductive PR sensor on the basis of differentiating 

metallic containers with the non-metallic containers.  

STEP2: Filling of containers with different materials compositions. Metallic containers will 

be having three liquids composition with 33% each but the non-metallic containers will be 

having only two liquid compositions with 33% each. 
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STEP3: Capping unit will put the caps or lids over each and every type container. 

STEP4: Same Labelling unit will apply the labels over containers with distinguished color 

labels for metallic and non-metallic. 

STEP5: Counting process of metallic and non-metallic containers at the end in each and 

every case. 

1.3   DEVELOPMENT OF PROJECT 

A. Software used in this project 

• SYSMAC Studio software from OMRON for PLC programming and simulation. 

• Wonderware INTOUCH software for SCADA as a process visualization. 

B. Hardware components used in this project 

• Two type of containers i.e. Metallic one and non-metallic one. 

• PLC, OMRON NX1P2-9024DT1 as a controller of this project. 

• SMPS providing a constant DC power supply of 24V. 

• Three visible tanks.  

• Three Solenoid valves. 

• Unit for capping purpose. 

• Unit for Tagging purpose. 

• Single Inductive Proximity sensor IPR IME08 from SICK. 

• Five Photoelectric Retro-Reflective sensor GL6 FROM SICK. 

• 1214S Motor running Drive from CURTIS. 
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• DC motor of approx. 1KW power. 

• Conveyor belt system. 

1.4   PERSPECTIVES OF THIS PROJECT 

In order to accomplish the desired objectives and purpose of this project, the scope of study 

and research mainly focuses over the Simulated result, design and hardware development of 

the prototype for the automated sortation, filling and counting of metallic and non-metallic 

containers by using PLC as brain and SCADA for monitoring purpose. 
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CHAPTER 2 

PLC AND SCADA 

2.1   ABOUT PLC 

PLCs twere tfirst tcame tinto tpicture tin tthe tlast tof t1960's. tThe tprimary treason tfor tdesigning 

tsuch ta tdevice twas teliminating tthe tlarge tcost tinvolved tin treplacing tthe tcomplicated trelay 

tbased tmachine tcontrol tsystems. tBedford tAssociates t(Bedford, tMA) tproposed tsomething 

tcalled ta tModular tDigital tController t(MODICON) tto ta tmajor tUS tcar tmanufacturer. tOther 

tcompanies tat tthe ttime tproposed tcomputer tbased tschemes, tone tof twhich twas tbased tupon tthe 

tPDP-8. tThe tMODICON t084 tbrought tthe tworld's tfirst tPLC tinto tcommercial tproduction [9]. 

When tproduction trequirements tchanged tso tdid tthe tcontrol tsystem. tThis tbecomes tvery 

texpensive twhen tthe tchange tis tfrequent. tSince trelays tare tmechanical tdevices tthey talso thave ta 

tlimited tlifetime twhich trequired tstrict tadhesion tto tmaintenance tschedules. tTroubleshooting 

twas talso tquite ttedious twhen tso tmany trelays tare tinvolved. tNow tpicture ta tmachine tcontrol 

tpanel tthat tincluded tmany, tpossibly thundreds tor tthousands, tof tindividual trelays. tThe tsize 

tcould tbe tmind tboggling. tHow tabout tthe tcomplicated tinitial twiring tof tso tmany tindividual 

tdevices! tThese trelays twould tbe tindividually twired ttogether tin ta tmanner tthat twould tyield tthe 

tdesired toutcome. tAs tcan tbe tseen, tthere twere tmany tproblems twith tthis trelay tbased tdesign 

[14]. 

These t"new tcontrollers" talso thad tto tbe teasily tprogrammed tby tmaintenance tand tplant tengineers. tThe 

tlifetime thad tto tbe tlong tand tprogramming tchanges teasily tperformed. tThey talso thad tto tsurvive tthe 

tharsh tindustrial tenvironment. tThat's ta tlot tto task! tThe tanswers twere tto tuse ta tprogramming ttechnique 

tmost tpeople twere talready tfamiliar twith tand treplace tmechanical tparts twith tsolid-state tones. 

In tthe tmid70's tthe tdominant tPLC ttechnologies twere tsequencer tstate-machines tand tthe tbit-

slice tbased tCPU. tThe tAMD t2901 tand t2903 twere tquite tpopular tin tModicon tand tA-B tPLCs. 

tConventional tmicroprocessors tlacked tthe tpower tto tquickly tsolve tPLC tlogic tin tall tbut tthe 

tsmallest tPLCs. tAs tconventional tmicroprocessors tevolved, tlarger tand tlarger tPLCs twere 

tbeing tbased tupon tthem. tHowever, teven ttoday tsome tare tstill tbased tupon tthe t2903. t(Ref tA-B's 
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tPLC-3) tModicon thas tyet tto tbuild ta tfaster tPLC tthan ttheir t984A/B/X twhich twas tbased tupon 

tthe t2901.6 tCommunications tabilities tbegan tto tappear tin tapproximately t1973.  

tThe tfirst tsuch tsystem twas tModicon's tModbus. tThe tPLC tcould tnow ttalk tto tother tPLCs tand 

tthey tcould tbe tfar taway tfrom tthe tactual tmachine tthey twere tcontrolling. tThey tcould talso tnow 

tbe used tto tsend tand treceive tvarying tvoltages tto tallow tthem tto tenter tthe tanalog tworld. 

tUnfortunately, tthe tlack tof tstandardization tcoupled twith tcontinually tchanging ttechnology thas 

tmade tPLC tcommunications ta tnightmare tof tincompatible tprotocols tand tphysical tnetworks. 

tStill, tit twas ta tgreat tdecade tfor tthe tPLC. 

The t80's tsaw tan tattempt tto tstandardize tcommunications twith tGeneral tMotor's tmanufacturing 

tautomation tprotocol t(MAP). tIt twas talso ta ttime tfor treducing tthe tsize tof tthe tPLC tand tmaking 

tthem tsoftware tprogrammable tthrough tsymbolic tprogramming ton tpersonal tcomputers tinstead 

tof tdedicated tprogramming tterminals tor thandheld tprogrammers. tToday tthe tworld's tsmallest 

tPLC tis tabout tthe tsize tof ta tsingle tcontrol trelay. 

The t90's thave tseen ta tgradual treduction tin tthe tintroduction tof tnew tprotocols, tand tthe 

tmodernization tof tthe tphysical tlayers tof tsome tof tthe tmore tpopular tprotocols tthat tsurvived tthe 

t1980's. tThe tlatest tstandard t(IEC t1131-3) thas ttried tto tmerge tplc tprogramming tlanguages 

tunder tone tinternational tstandard. tWe tnow thave tPLCs tthat tare tprogrammable tin tfunction 

tblock tdiagrams, tinstruction tlists, tC tand tstructured ttext tall tat tthe tsame ttime! tPC's tare talso 

tbeing tused tto treplace tPLCs tin tsome tapplications. tThe toriginal tcompany twho tcommissioned 

tthe tMODICON t084 thas tactually tswitched tto ta tPC tbased tcontrol tsystem. 

 

2.2   APPLICATIONS OF PLC 

In today’s modern/advanced era of industries, where automated or self-regulated machines 

are being used in almost every private or public sector industries [24], PLC is a very good 

controller to automate the process and is in great demand for these industries. 

• PLC is being used in at most & almost all large scale banal automated processes in the 

substance processing type industries [22,23]. 
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• PLC is being used to elevate/optimize and excel the process for surpass growth and 

enrichment in productivity. 

• Setup performance, precision and accuracy have been increasing undoubtedly and 

significantly over the past years by using programmable logic controllers (PLCs) instead of 

earlier hardwired or relay logics. 

• Now a days, traffic system controlling is being managed automatically from an alone 

substation which is happening in many developing and developed countries also 

accomplished with PLCs. 

• PLC is useful in making bending CNCs machines, suspensions designing and tuning, and 

rotary assembly parts system for car manufacturing industries. 

• Hundreds of modern or day to day applications are only being possible by using PLCs in 

food processing companies like Nestle and beverage industry for sorting, filling, capping, 

labelling and end counting etc. [25-28] (this project is all about these only). 

• It is being used in every robotics company. 

• It is in great demand in warehouse management industries for smooth running process. 

• Then after completition of wiring a relay logic panel, we need to revert sequence, it will be 

compulsory to rewire every part inside the panel but no such condition is mandatory in 

PLC. Similar process will be run for countless time without any issue. 

• It is used in making huge gantry system, AMRs, ASRS systems. 

• It is used in metro systems, shuttles and mono rails. 

• It is being largely used in AGVs and RGVs.  

• Most of the relay logic control which were being used in old manufacturing industry units 

over a large period of time, are being taken over today by PLC programming software 

which directly results in less hardware failure with ease in wiring [29-32]. 
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2.3   PLC and RELAY (Hard-Wired) CONTROL LOGIC DIFFERENCES 

PLC Relay logic control 

Safe, secure and reliable system  Unsafe and unreliable system than PLC. 

Simulation and Controlling is 

implemented with different 

programming languages so no 

compulsion of doing re-wiring for 

each type of logic in any process. 

No such provision is there so we have to 

implement frequent wiring system for each 

logic type in any process. 

Simplified wiring  Complexity in wiring system 

Limited time-consuming or time 

constraint over logics 

Logic takes lot of time to implement. 

Damage assessment is very 

convenient.  

Damage assessment is very tedious job. 

Very Easy and swift to make new 

changes. 

Chaos making process when to make new 

changes. 

 

 

2.4   WHAT’S INSIDE A PLC? 

Programmable Logic Controller (PLC) is enclosed with mainly these below mentioned 

units. 

1) Power supply – for running of PLC at 24V DC 

2) Input unit – at which input perceiving components like sensors, push buttons etc. are 

connected. 
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3) Output port – at which the output devices like actuators, valves, coils, motors, VFDs are 

linked. 

4) CPU (central processing unit) – the processor of PLC. 

5) Program memory – PM stores, delete, deliver and process or transform the data that is being 

infused into PLC. 

2.5   PLC BLOCK DIAGRAM REPRESENTATION 

 

Fig 1: PLC Architecture 

   

2.5.1  SWITCHED MODE POWER SUPPLY (SMPS) 

PLC requires 24V DC power supply for its operation. But we do not get this DC voltage 

everywhere. So, for this purpose we need SMPS. 

Two types of SMPS are available in the market. 3-phase SMPS convert given 3phase 440V 

into 24V DC and 1-phase SMPS convert give 1-phase 230v into 24V DC.  
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2.5.2  INPUT MODULE OR PORT 

 We have two types of input signals avail ports or modules are inbuilt or external cards are 

available for PLCs in the market: 

• Digital inputs (0 or 1 signals) 

• Analog inputs (4-20 ma or 0-10 V signals) 

Digital inputs-They convert all available external binary signal from the process to the 

internally present digital signal level of programmable controller i.e. PLC. 

Some Commonly used Digital Input devices are 

• Push buttons (NO & NC type) 

• Switches 

• Limit Switches (for safety purpose) 

• Proximity sensors (Inductive & Capacitive type) 

• Photo electric sensors (reflective & diffusive type) 

I. Analog inputs- Analog inputs cards are being used to convert any available continuous 

signal with the help of ADC (analog to digital converter) into discrete values for the PLC. 

Some Commonly used Analog inputs devices are 

• Pressure transmitter (flow measurement) 

• Flow transmitter (flow profile and quantity of fluid measurement) 

• Level transmitter (with the help of DP & DT cells) 

• Load cell (force, torque and strain measurement) 
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• Thermocouples (temperature measurement) 

• Encoders (absolute & incremental type for pulse measurement) 

2.5.3 CPU (Central Processing Unit) 

CPU system uses microprocessor for the processing. CPU is known as the brain of the 

computer. CPU has taken over the place of various hard-wired devices such as timers, 

counters, sequencers and control relays. tA tprocessor tis tbeing tappeared tfor tonly tonly tone 

tsingle ttime tin ta tPLC tand tit tcan tbe teither ta tone t(single) tbit toperation tor ta tword t(16 tbits) tlogic 

toperation. tPLCs twith tword tprocessors tare tbeing tused twhen twe tneed tto tprocess ttext tand 

tnumerical tdata, tcalculations tof tinput tsignals, tgauging tand tscaling tof tthe tinputs, tcontrolling 

tand trecording tof tthe tavailable tdata tin tform tof tinputs tand toutputs tany tother tdevices tpresent tas 

twell tas tthe tsimple tprocessing tof tsignals tin tbinary tcodes tare tbeing trequired tto tprocessed. tThe 

tCPU taccepts t(reads) tinput tdata twhich tneed tto tbe tprocessed, tfrom tvarious tsensing tdevices 

t(which twere tmentioned tabove), texecutes tthe tstored tuser tprogram t(programming tis tdone tany 

tof tthe tsoftwares tlike tSysmac tStudio, tTIA tportal tetc.), tfrom tmemory tand tsends tappropriate 

tcommands twhich tis tbased ton tthe texecution tof tthe tprogram tto tcontrol tdevice tor tin tthis tcase, 

tthe toutput tdevices. tA tdirect tcurrent t(dc) tsource tis trequired tto tproduce tthe tcontrolled tpower 

tsupply tor tlevel tvoltage tused tby tthe tprocessor tand tthe tinputs tand toutputs tmodules. tHere tthat 

tpower tis tsupplied twith tthe thelp tof ta tSMPS t(Switched tMode tPower tSupply). 

The SMPS power supply can be  

• A separately mounted power supply unit 

• OR may be housed in the CPU unit  

depending on tmanufacturer tto tmanufacturer tof tPLC tsystem. tMost tof tthe tCPUs tare tinfused 

twith tthe tbackup tbatteries twhich tkeep tthe toperating tprogram tin tstorage at the time of a power 

failure in a plant or NO power supply. 

The tprocessor tmemory tmodule tis ta tmajor tpart tof tthe tCPU thousing. tMemory tis twhere tthe 

tcontrolling tplan tor tprogramming tof tany tprocess tis thold tor tstored tin tthe tcontroller. tThe 

tinformation tstored tin tthe tmemory tis trelated tto tthe tway ton thow tthe tinput tfrom tsensors tand 
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toutput tdata tto tthe tactuators, tshould tbe tprocessed. tThe tamount tof tmemory trequired tis tdirectly 

tproportional tto tthe tcomplexity tand tfunctionality tof tthe tprogram. tMemory telements tstore 

tindividual tpieces tof tinformation in the form of bits 0s and 1s (for tbinary tdigits), tbytes tand 

tthe twords tfor tbigger tdata. 

The following functions are simultaneously performed by CPU for processing the available 

data which is known as SCAN CYCLE of the CPU. 

• INPUT STATUS CHECK: It read the inputs. 

• PROGRAM EXECUTION: It depends upon the reading executes. 

• OUTPUT STATUS UPDATE: It return to values of the output. 

The ttime tthat tis trequired tto tcomplete tthe tvery tonly tone tcycle tis tcalled t“CPU tscan ttime”. tThe 

tCPU tscan ttime tis ttotally tdependent tupon tour tcomplexity tof tour tlogic. tIf tthe tscan ttime tis 

tmore tthe tPLC tperformance tdecreases. tIf tthe tscan ttime tis tless tthe tplc tperformance tincreases. 

tPerformance tis tinversely trelated tto tthe tscan ttime. 

2.5.4 OUTPUT MODULES 

 Like the input modules, here also we are provided with two types of output modules of 

PLCs 

• Digital outputs 

• Analog outputs 

I. Digital outputs: These convert the internal signal level of the programmable controller into 

the binary signal level required externally by the process. 

Some Commonly used Digital outputs devices are 

• Relays (electromagnet switch for ON/OFF purpose). 

• Contractor (operate any system from remote area) 

• Values (regulation of flow) 
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• LEDs (indicators) 

• Solenoid value (closely regulate the amount of flow) 

• Coilers (motors etc.) 

II. Analog outputs: Analog outputs cards attached as an peripheral to those PLCs which do 

not support digital output, converts’ digital values or the output from the PLC, back to the 

continuous signals with the help of a digital to analog converter (DAC). 

Some commonly used Analog outputs devices are 

• Flow control values 

• Pressure control values 

• Drive inputs 

• Values/actuators 

• Analog ports 

• VFDs (variable frequency device) 

 

2.5.5 PROGRAMTMEMORY  

tProgram tmemory tis tbroadly tclassified tinto tthree ttypes: 

• System tMemory 

• Load tMemory 

• Work tMemory 

1. System tMemory: tIn tsystem tmemory tthere tis ta tprovision tof tall tthe tdetails tof tthe 

tconfiguration tof tavailable thardware tattached twith tthe tPLC. 
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2. Load tMemory: tEach tCPU thas tits town tavailable tinternal tload tmemory. tThe tsize tof tthis 

tinternal tload tmemory tis ttotally tdependent ton tthe ttype tof tCPU tused. tThis tinternal tload 

tmemory tcan tbe treplaced tor tbypass tby tusing tadvanced tand tsophisticated texternal tmemory 

tcards. tIf tthere tis tno tmemory tcard tinserted, tthe tCPU tuses tthe tinternal tload tmemory tbut tif ta 

tmemory tcard tis tinserted, tthe tCPU thas tto tuse tthis tinserted tmemory tcard tas tload tmemory. tThe 

tsize tof tthe tusable texternal tload tmemory tcan tnever, thowever, tbe tgreater tthan tthe tinternal tload 

tmemory teven tif tthe tinserted texternal tSD tcard thas tmore tfree tspace tthan tthe tinternal tavailable 

tmemory. 

3. Work tMemory: tWork tmemory tis tbasically ta ttype tof tnon-retentive tmemory, twhich tis tan 

tarea tfor tstoring telements tof tthe tuser tprogram tthat tare trelevant tfor tprogram texecution. tThe 

tuser tprogram tis texecuted texclusively tin tthis tfast twork tmemory tand tsystem tmemory. 

 

   2.6  SCADA SYSTEM 

SCADA stands for Supervisory Control and Data Acquisition [33]. It requires a computer 

system for acquiring and analyzing the real scenario time data in industries like waste control, 

water management, telecommunication, refineries, transportation etc. [34,35]. 

 

    2.7  SCADA SYSTEM CONTROL STRATEGIES 

• Key Priorities 

1. Safety must be the main concern in any private or public sector industries. 

2. Reliability 

3. Protection of the process components from damaging either in case of any physical damage 

or faults. 

4. optimization in maximizing the production at lower production cost in a short time frame. 
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Fig 2: SCADA SYSTEM 

• Localization of substations in Power Plants 

a. Protection of the devices with the help of contactor, MCBs, protective relays. 

b. Feedforward & Feedback control strategies with the help of sensing devices and actuating 

devices. 

•    Center areas of control  

a. Control supervision with acquisition of data is the topmost priority. 

b. Flaws observation and rectification with the help of observing any system operating 

boundaries properly. 
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c. proper coordination between the maintenance activities and in case of any emergency here 

should be a quick response function. 

d. proper balancing between demand and the generation of goods dispatching. 

2.8  FUNCTIONALITY OF SCADA SYSTEM 

a. Control Supervision- Entire control process RTUs located in different sections of the 

process can be managed remotely with assisting from a common control room. 

b. Acquisition of data- Field data is acquired by sensors/RTUs and then effective action is 

taken after processing the data.  

c. Database- Database in real time is formed which is comprised of all real time data 

acquired. 

d. User Interface- All functions like zoom, pan, clutch, declutch etc. are readily present here. 

e. Process Alarm- Receiving rectifications of alarming stages in the process. 

f. Trending- With the help of charts, figures, histograms, the decision-making ability & 

optimization in the process increase. 
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CHAPTER 3 

PROGRAMMING OF PLC 

3.1  GENERAL 

The user is able to make communication with programmable logic controller (PLC) through 

various programming devices with the help of a programming language [32,37]. There are 

several different programming languages used by computer manufacturers and these are 

connected or able to convey the message to the system through various means of set of 

instructions with some fundamental controlling plan. 

There are some most common types of programming languages available for programming 

PLC:             

• Ladder diagram 

• Structured text 

• Function block diagram 

• The sequential function chart 

This project is based upon ladder logic language which is discussed below. 

        3.2  LADDER LANGUAGE 

The ladder language is a symbolic instruction set that is used to create a programmable 

controller program. It is composed of six categories of instruction that include relay-type, 

timer/counter, data manipulation, arithmetic, data transfer, and program control. The ladder 

instruction symbols can be formatted to obtain control logic that is to entered into memory. 

The main function of the ladder diagram program is to control outputs based on the input 

condition. This control is accomplished through the use of what is referred to as a ladder 

rung. 
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In general, a rung consists of a set of input conditions represented by relay contact type 

instruction and an output Instruction at end of the rung represented by the coil symbol. 

Throughout the section the contact instruction for a rung may be referred to as input 

conditions rung conditions, or control logic. Coils and contacts are the basic symbols of the 

ladder diagram instruction set. The contact symbol programmed in a given rung represents 

conditions to be evaluated in order to determine the control of the output all. 

The format of the rung contacts is dependent on the desired control logic. Contacts may be 

placed in any configuration such as series parallel or series parallel that is required to 

control a given output for an output to be activated or energized at least one left-to –right 

path of contacts must be closed. A complete closed path is referred to as having logic 

continuity. When logic continuity exists in at least one path, it is said that the rung condition 

is TRUE. The rung condition is FALSE. If no path has continuity. 

In the early year, the standard ladder instruction set was limited to performing only relay 

equivalent functions, using the basic relay-type contact and coil symbols similar to those 

illustrations. 

A need for greater flexibility coupled with developments in technology, led to extended 

ladder diagram instructions that perform data manipulation, arithmetic and program flow 

control.  

3.3 LADDER PROGRAMMING BIT LOGICS AND COMMON 

INSTRUCTIONS 

 

Fig 3: Bits Notation
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• Normally closed (NC) bit: If the input side has signal state 0 (FALSE), NC contact 

will remain closed and current signal flows from one side to the other side of the contact at 

which the output is connected and the output turns HIGH. If the input side has signal state 1 

(TRUE), NC contact will get open and current signal will not flow from one side to the 

other side of the contact at which the output is connected and the output turns LOW. 

Placement of NC bit 

       This NC bit can be used at any position in the network logic. 

• Normally Open (NO) bit:  normally open (NO) provides just opposite action of the 

normally closed (NC) operation. If the input side has signal state 1 (TRUE), N0 contact will 

remain closed and current signal flows from one side to the other side of the contact at 

which the output is connected and the output turns HIGH. If the input side has signal state 0 

(FALSE), NO contact will get open and current signal will not flow from one side to the 

other side of the contact at which the output is connected and the output turns LOW. 

Placement of NO bit 

       This NO bit can be used at any position in the network logic. 

A combining result of NO (normally open) & NC (normally closed) is used to formulate 

logic gates. This is being shown below in a tabular form. 

Table 1: Representing AND logic 

Instruction Combination of 

Input Variables  

Output Result 

 AND Variable A: 

TRUE (1) 

Variable B: 

TRUE (1) 

TRUE 

(1) 

All other 

cases. 

FALSE 

(0) 
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Table 2: Representing OR logic 

Instruction Combination of 

input variables  

Output Result 

OR Variable A: 

FALSE (0) 

Variable B: 

FALSE (0) 

FALSE 

(0) 

All other 

cases. 

TRUE 

(1) 

• Coil: 

It acts an output that is connected to the NC or NO contact. As soon as the signal is sent from NO 

or NC the HIGH and LOW of the coil is decided. 

 "Output coil" may be put in any network i.e. after the NC & NO and before and after any 

timers or counters in the network. 

3.3.1 TIMING INSTRUCTIONS (Timers) 

• Timer ON-delay (TON):  This instruction will turn the Q (output) TRUE (1) as 

soon as the Preset timing (PT) is carried out after the starting of the timer. 

Pictorial representation 

 
 

Fig 4: Pictorial representation of TON 



 

22 

 

Table 3: The Action Process of TON 

Notation  Full Name  Action process 

‘In’ Timer input TRUE (1): Timer gets start  

FALSE (0): Timer goes reset  

‘PT’ preset time 

(I/P) 

Time to set to get the timer ON after 

this time. 

‘Q’ Output  TRUE (1): output gets HIGH 

FALSE (0): output gets LOW 

‘ET’ Accumulated 

time (O/P) 

Total Accumulated time since 

beginning of timer  

  Time is in milliseconds by default. 

FUNCTIONALITY OF TON 

The TON instruction will turn the outputs TRUE (1) after when the Preset time (PT) is 

carried out after the starting of the timer. 

The TON timer gets started after TON input IN turns HIGH. Accumulated time ET is 

increased as time passes by. 

When ET is equal to preset timing PT, the timer TON Q output gets HIGH. ET won’t 

increase after that. 

TON timer gets reset as soon as IN turns LOW (0). ET gets LOW 0, and output Q turns to 

LOW/FALSE (0). 

As soon as IN turns LOW/FALSE (0) just afterwards the starting of TON timer, the timer 

TON is reset and that too ahead of ET = PT. 
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• OFF-Delay Timer (TOF): This instruction will turn the Q (output) FALSE (0) as soon as 

the Preset timing (PT) is carried out after the starting of the timer 

Pictorial representation 

             

 

Fig 5: Pictorial representation of TOF 

Table 4: The Action Process of TOF 

Notation  Full Name  Action Process 

‘PT’ Preset time (I/P) Time to set to get the timer 

OFF after this time. 

‘In’ Timer input HIGH/TRUE (1): Timer gets 

reset  

LOW/FALSE (0): Timer goes 

start 

‘Q’ Output of timer TRUE (1): output gets HIGH 

FALSE (0): output gets LOW 

‘ET’ accumulated time 

(O/P) 

Total Accumulated time since 

beginning of timer  

         Time is in milliseconds by default. 

FUNCTIONALITY OF TOF 

The TOF instruction will turn the outputs FALSE (0) after when the Preset time (PT) is 

carried out after the starting of the timer. 

The TOF timer gets started after TOF input IN turns HIGH. Accumulated time ET is 

increased as time passes by. 

When ET is equal to preset time PT, timer TOF Q output gets LOW. ET won’t increase 

after that. 
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The timer gets set when IN turns FALSE (0). ET gets LOW 0, output Q turns to 

HIGH/TRUE (1). 

As soon as IN turns LOW/FALSE (0) just after the starting of TOF timer, the timer TON is 

still set and that too before ET = PT. 

 

• Accumulation timer (AT): This instruction sums up entire time period during which its 

signal input is HIGH/TRUE (1). 

Pictorial representation 

 
 

Fig 6: Pictorial representation of AT 

Table 5: The Action Process of AT 

Notation  Full Name  Action process 

‘In’  input of TIMER HIGH/TRUE (1): AT gets start  

LOW/FALSE (0): AT goes in 

stop mode 

‘PT’ preset timing (I/P) Maximum time or Time to set 

to get the timer OFF after this 

time 

‘Reset’ Reset (I/P) TRUE (1): Timer gets reset 

after this. 

FALSE (0): Timer will never 

get reset 

‘Q’  output of TIMER TRUE (1): ET is equal to PT. 

FALSE (0): ET is not equal to 

PT. 

‘ET’ Total accumulated 

time (O/P) 

Total Accumulated time since 

beginning of timer  

    Time is in milliseconds by default. 
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FUNCTIONALITY OF AT 

First, reset = FALSE (0), the AT timer switch ON when IN turns TRUE (1). Total 

Accumulated time since beginning of timer will increase in steps. 

The AT timer get switched OFF when IN turns FALSE (0). The accumulated value at ET 

O/P is freezed. 

If IN turns TRUE (1) again, the AT timer resumes. Total Accumulated time since beginning of 

timer will increase in steps. 

When ET = PT, AT timer output Q turns TRUE (1). The accumulated value at ET O/P is 

freezed now. 

The AT timer gets reset when Reset input turns TRUE (1). ET becomes zero (0) and value 

of the Q output is LOW/FALSE (0). 

 

3.3.2 COUNTING INSTRUCTION (COUNTERS)  

They are being used to count the pulses. 

• CTU: The CTU instruction will add up in the value of counter (CV) as soon as input side 

signal at input of CU is reached. The value at present (PV) and the value of counter (CV) 

have to be integers value. 

 

Pictorial representation 

 
 

Fig 7: Pictorial representation of CTU 
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Table 6: The Action Process of CTU 

Notation  Full name Action process 

‘CU’ Input to 

CTU 

Counter input to start the 

counter 

‘Reset’ Reset  TRUE (1): Reset the counter 

and establish CV = 0 

‘PV’ Preset value  preset value of no of pulses for 

counter  

‘Q’ Output of 

CTU 

TRUE (1):  output of CTU 

turns ON/HIGH 

FALSE (0): output of CTU 

turns OFF/LOW 

‘CV’ Counted or 

accumulated 

value 

Accumulator value 

 

FUNCTIONALITY OF CTU 

The CTU instruction will add up in the value of counter (CV) as soon as input side signal at 

input of CU is reached. The value at present (PV) and the value of counter (CV) have to be 

integers value. 

As reset input signal Reset turns TRUE (1), accumulator or counted value CV = zero (0) as 

a result, counter CTU output value Q turns LOW/FALSE (0). 

As CTU counter input CU bit turns TRUE (1), the accumulator number of CV is increased. 

If counted number of PV<=CV, Q turns TRUE/HIGH. 

When accumulator value is equal to number of value at preset or even higher than that, the 

CV value will not increase or decrease even if counter input turns ON/HIGH.  

If reset value is turned true then both CU and CV will be ignored. 
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• UP-DOWN Counter (CTUD): The CTUD instruction will decrease or add up in the value 

of counter (CV) as soon as input side signal at input of CD & CU is reached. The value at 

present (PV) and the value of counter (CV) have to be integers value. 

 

Pictorial representation 

 
 

Fig 8: Pictorial representation of CTUD 

Table 7: The Action Process of CTUD 

NOTATION  FULL NAME ACTION PROCESS 

‘CD’ Input to CTU Counter input to start the counter 

‘CU’ Input to CTU Counter input to start the counter 

‘Load’ Load signal Set CV=PV 

‘Reset’ Reset  TRUE (1): Reset the counter and 

establish CV = 0 

‘PV’ Preset value Preset (ending and starting) value 

of no of pulses for counter for up 

and down counter respectively 

‘QD’ Output of CTD TRUE (1):  output of CTD turns 

ON/HIGH 

FALSE (0): output of CTD turns 

OFF/LOW 

‘QU’ Output of CTU TRUE (1):  output of CTU turns 

ON/HIGH 

FALSE (0): output of CTU turns 

OFF/LOW 

‘CV’ Counted or 

accumulated 

value 

Accumulator value 
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           FUNCTIONALITY OF CTUD 

The CTUD instruction will decrease or add up in the value of counter (CV) as soon as input 

side signal at input of CD & CU is reached. The value at present (PV) and the value of 

counter (CV) have to be integers value. 

It performs all the functions of both the counters. 

• CTD (down counter): The CTU instruction will decrease in the value of counter (CV) as 

soon as input side signal at input of CU is reached. The value at present (PV) and the value 

of counter (CV) have to be integers value. 

 

Pictorial representation 

 

CTD 

Fig 9: Pictorial representation of CTD 

Table 8: The Action Process of CTD 

Notation Full name Action process 

‘CD’ Input to 

CTD 

Counter input to start the counter 

‘PV’ Preset value  preset value of no of pulses for 

counter  

‘Load’ Load signal Set CV=PV 

‘Q’ Output of 

CTD 

TRUE (1):  output of CTD turns 

ON/HIGH 

FALSE (0): output of CTD turns 

OFF/LOW 

‘CV’ Counted or 

accumulated 

value 

Accumulator value 
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FUNCTIONALITY OF CTD 

The CTD instruction will decrease in the value of counter (CV) as soon as input side signal 

at input of CU is reached. The value at present (PV) and the value of counter (CV) have to 

be integers value. 

As load input signal set turns TRUE (1), accumulator or counted value CV = zero (0) as a 

result, counter CTU output value Q turns LOW/FALSE (0). 

As CTD counter input CD bit turns TRUE (1), the accumulator number of CV is increased. 

If counted number of PV<=CV, Q turns TRUE/HIGH. 

When accumulator value is equal to number of value at preset or even higher than that, the 

CV value will not increase or decrease even if counter input turns ON/HIGH.  

If load value is turned true then both CU and CV will be ignored. 

 

3.3.3 OUTPUT SEQUENCE INSTRUCTION 

SR: Set-Reset (SR) instruction keeps BOOL variable value. Set input will be given priority 

even if both of the Reset input and Set input get TRUE (1). It keeps the Set priority. 

 

     Graphic expression 

 

                         

Fig 10: Graphical expression of SR 
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Table 9: The Action Process of SR 

Bits ACTION  I/O 

“Set1” input is set Input signal 

“Reset” Input is reset Input signal 

“Q1” Output is kept Output signal 

 

FUNCTIONALITY OF SR 

Instruction SR defines output which gives priority only to Set. The below shown table 

explains the relationship between Set, Reset and Output.  

 

Set1  Reset Q1 

HIGH HIGH HIGH 

HIGH LOW HIGH 

LOW HIGH LOW 

LOW LOW No effect 
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CHAPTER 4 

COMMUNICATION 

       4.1 GENERAL 

The communication between PLC & PC is required because we need to configure the PLC 

and other I/O devices and then programmed [39]. For all these purposes a PC must 

communicate with PLC and other hardware units for configuration. 

Here we will discuss communication on the basis of Ethernet/IP protocol where connections 

can be established through: 

• LAN connectivity: here we use Ethernet cable which is directly connected between PLC 

and PC. 

• Wireless connectivity: here PLC is connected to a WIFI device like WLAN-1101 from 

PHOENIX CONTACT, and then the communication is setup between PC and WLAN. 

Before connecting any device with PC, we must apply some settings. PC’s IP address must 

be in the same sequence as that of the other peripheral devices. For this here are some 

implementations: 

• Go to network and internet settings in PC. 

 

STEP1 
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• Click on ethernet option. If the ethernet cable properly connected, then (x) mark will not be 

there. 

• Click on ethernet. This window will appear. 

 

STEP2 

 

• Click on properties and make desired changes. The IP address must be in the series of 

WIFI module and PLC i.e. 192.168.0.9 

 

STEP3 
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Settings of WIFI module varies from model to model. Here is a procedure of setting IP 

address of PHOENIX CONTACT WIFI WLAN-1101. 

• Provide 24v DC. Connect the module to the computer via ethernet cable. The green led will 

glow only.  

• Open the IP ASSIGNMENT TOOL in the computer. 

• Click on next. The following window will appear. It will automatically detect the mac 

address of the connected Wi-Fi module.  

 

 

STEP4 

Note: If the mac address is not detected automatically then reset the Wi-Fi module by 

giving +24v dc supply to the reset slot in the Wi-Fi module and try again.  

 

• Click on the mac address. Press next. The following window will appear. 

• Give the IP ADDRESS and SUBNET MASK. Click on next. Leave the gateway as it is. 

• If next option is not visible. Click anywhere in the subnet mask area or the gateway area. 
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STEP5 

 

• IP ADDRESS process is finished. 

After making changes we can connect PLC and PC with a secured connection. Now we can 

go to Sysmac Studio programming software and write a programming code for the 

discussed process. 
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CHAPTER 5 

SYSTEM DESIGN 

 

5.1  AUTOMATION IN BEVERAGE INDUSTRIES 

The prime aim or objective of this project is to monitored or visualized an automatically 

running beverage process industry with the help of a Supervisory Control and Data 

Acquisition (SCADA) system and the controlling and handling the entire process will be 

done through an OMRON PLC. In this whole project we are going to use a 24 I/O (NX1P2-

9024DT1) PLC from OMRON which will be programmed or simulated in OMRON own 

Sysmac Studio Software for programming with simple ladder logic coding or programming. 

Supervisory control SCADA software that we are going to use throughout this project is 

Wonderware INTOUCH SCADA software for visualizing or monitoring purpose. The 

SCADA system is complined with its own central processing unit along with the software 

package that will be used to handle, control and monitor various remote terminal units 

which are being placed all around the field. SCADA allows data handling and logging, 

graphical or visual representations, monitoring & correcting alarm system, changing and 

defining setpoints of the process etc. 

 

5.2  SEQUENCE OF THE BEVERAGE INDUSTRY PROCESS 

Almost in every beverage industry, filling of different liquids process is the most commonly 

practiced [38,40]. All industries concerned with beverages are designed in order to keep 

drinks of different material compositions into different container types. The whole container 

filling and processing is partitioned into following different stages:  
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1) Sortation stage: The containers that are moving over the conveyor belt will be 

sorted as metallic container & non-metallic container. The sorting is carried out 

with the help of (IPR) Inductive proximity IME08 sensor. This sensor will be able 

to sense the metallic things only and ignore all other material type like non-metallic 

container. 

 

2) Liquid filling stage: Filling of containers with different materials compositions. 

Metallic containers will be having three liquids composition with 33% each but the 

non-metallic containers will be having only two liquid compositions with 33% 

each. Photo-electric retro reflective sensor will be used in this stage along with 

valves. 

 

3) Capping work: as soon as filling of containers is completed, capping work unit 

will come into picture to apply caps and tightens them over filled one container. 

Here also Photo-electric retro reflective sensor will be used. 

 

4) Labelling work: capping of the containers is followed by the labelling work unit. 

For differentiating containers, we will be using labels of different colors for 

particular container type. Here also Photo-electric retro reflective sensor will be 

used. 

 

5) Counting: Counting process of metallic and non-metallic containers at the end in 

each and every case. 

 

     5.3  BLOCK REPRESENTATION OF PROCESS 

• The communication between SCADA & PLC is via PC. 

• The PLC needs regulated power supply of 24V DC to perform its functions. SMPS 

(switched mode power supply) provide this required voltage to PLC.  
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Fig 11: Block Diagram of Process 

• Programmable logic controller is the center of the entire process. Input data or 

signals from input devices like sensors is feed into PLC, input sensor’s information 

is processed, logical operations will be performed over inputs and a desired 

response is provided for the output connected devices at the output terminal block 

such as solenoid valves to filling tanks, LEDs to cap & label units, VFD to motor to 

conveyor belt.  

• Conveyor system motion is governed by a DC motor, which get driven by CURTIS 

drive in order to provide precise and accuracy in motion.    

• Both type of Containers will be sensed by inductive proximity sensor IPR and 

photoelectric retro-reflective sensors present over the conveyor. Both type of 

sensors are linked with a box called sensor splitter, which indicates the status of all 

sensors. Then infeed signal reaches the PLC input ports or terminals. Output 
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devices are linked with PLC via output ports or terminals. Different type of liquid is 

poured into both type of containers through valves connected to the filling tanks. 

Labelling & capping units are also controlled with reflective sensors signal 

conditioning to the PLC. 

5.4  PROCESS MODELLING IN SCADA 

 

Fig 12: Model 

INPUT COMPONENTS 

IPR S1- One Inductive proximity sensor. 

S2 to S6- Five Photo-electric retro-reflective sensors at various levels. 

 

OUPUT COMPONENTS 

Valve V1, valve V2, valve V3 

Conveyor belt motor 



 

39 

 

         LED L1 for capping process unit 

LED L2 for labelling process unit. 

FURTHER COMPONENTS 

One unit of PLC. 

Conveyor system 

Two motor dependent or driven rollers 

Three Tanks for different liquid types. 

 Unit for capping 

 Unit for labelling 

 

5.5  COMPONENTS INFORMATION 

    5.5.1 PLC (Programmable Logic Controller (OMRON NX1P2-9024DT1) 

SR.NO. NOTATION MEANING 

1 ‘NX1’ Name of the series 

2 ‘P 2’ Model with DC 24v power supply with in-built I/O 

3 ‘9 0’ one-axis position control but two axes may be 

correlated 

4 ‘24’ 14 I/P + 10 O/P = 24 

5 “D” DC 24V inputs only 

6 T 1 Outputs are PNP type 

 

 

Fig 13: OMRON PLC
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 DESCRIPTION 

✓ Motion and sequence controlling are integrated.  

✓ Network control via ether-CAT is possible 

✓ Based on Ether-CAT, 8 axes can be controlled 

✓ Ether-CAT base subsystem for safety. 

✓ operation can be without battery too. 

✓ 24 in-built I/O 

✓ eight (8) NX input output Units are connectable 

✓ 16 remote type NX input outputs are connectable through coupler. 

✓ IEC 61131-3 programming standard. 

5.5.2  PROGRAMMING OF PLC IN SOFTWARE 

For this purpose, we are using SYSMAC STUDIO from OMRON.  

PLC programming software Sysmac Studio is the software that was developed for 

providing the integrated environment for programming, setting the drive parameters, 

troubleshooting and debugging of automated machine controllers which includes the 

NX&NJ units of CPU, slaves of Ether-CAT Slave with integration of HMIs. 

FEATURES 

• Compliant totally with JIS B3503 Japanese standard & IEC 61131-3 open standard.  

• It Supports Structured programming, Ladder logic programming, functional block 

& Text programming with lots of instruction sets. 

• CAM editor is used to ease the programming with entangled & complex profiles 

in motion. 
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• Single tool for simulation of motion & sequence in both 3D & 2D environment. 

• Security function of advanced level, supporting security optimized password of 32 

digits. 

SYSMAC studio interface 

STEP 1 

STEP 2 
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STEP 3 

5.5.3  WONDERWARE INTOUCH SCADA SOFTWARE 

An application window is a container for one or more graphics that model your 

production processes. InTouch windows are visual panels that contain the user 

interface of your InTouch application. 

 

Fig. 14: Interfacing Screen 
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• Key Points  

There are three types of InTouch windows: 

o A replacement window automatically closes any windows it intersects with when it 

appears on the screen. 

o A popup window stays on top of all other windows. Popup windows usually require 

a response from the user to be closed. 

o An overlay window appears on top of currently open windows. Overlay windows 

are useful for creating applications consisting of multiple panels with conditional or 

optional variations. 

o You can define the following characteristics of a window when you create it: 

o Horizontal and vertical size in pixels 

o Type of frame 

o Background color 

o Presence of standard controls for windows 

• Visualization 

Visualization topics describe how to create a graphical operator interface for an 

InTouch application. These topics cover:  

o Navigating in the Window Maker development environment 

o Creating and managing application windows 

o Creating and editing simple or complex graphic objects 

o Adding run-time functionality to graphic objects using animation links 

o Embedding wizards and ActiveX controls 
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• Applications at Run Time 

Window Viewer is the run-time environment for your InTouch applications. Based 

upon your application’s requirements, you can configure properties that determine the 

visual appearance and operational characteristics of Window Viewer.  

You can run stand-alone and managed InTouch applications with Window Viewer. The 

following figure shows that a managed application is deployed from the ArchestrA IDE 

to the computer running the InTouch HMI. The first time you deploy an InTouch View 

App object, the associated InTouch application files are copied to the node of the 

platform that hosts the object 

5.5.4  INDUCTIVE PROXIMITY IPR SENSOR IME08  

Inductive proximity IPR sensor is a sensing device which works on the fundamentals of 

electromagnetic induction for detecting or measuring objects. A present inductor(L) 

will develop a magnetism phenomenon called field as soon as current flows into that. 

This similar phenomenon is used in detection of metallic materials that mesh with some 

magnetic field. The substance which are non-metallic like liquids, plastic, wood & dirt, 

do not mesh along the magnetic field. An IPR sensor is also operated in both wet and 

dirty surroundings. 

 

Fig. 15: SICK IME08 
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CHARACTERICTICS VALUE 

Power Supply DC 24V 

Switching frequency 4 KHz 

Output Switching mode PNP type 

Max Current <10 mA 

Optimum range of Sensing <=3 mm 

Sensing head diameter 8 mm 

Wiring system 3-wire based system, DC 

rating IP67 

Range of Hysteresis (4.5-15.5) % 

SC protection Available 

Reverse polarity 

protection 

Available 

Operational temperature -20 to +80 

          

 5.5.5  PHOTOELECTRIC RETRO-REFLECTIVE SENSOR - GL6-P4212 

It is a reflective type sensor. Continuously the signals from the head unit are emitted 

and they get reflected back from the provided reflected surface. As soon as any object 

comes in the path of light between head and tape, it will LOW its output and detection 

are done. 

              

Fig 16: GL6 sensor and GL6 Reflector 
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5.5.6  DC DRIVE (CURTIS 1212S) & ROTOMAG 1KW DC MOTOR 

DC motor drive, Curtis-1212S speed controller of motors is operated at a power 

supply of 24V DC. It provides accurate, precise and refine control for PMMC 

(permanent magnet) travelling motors which are battery driven shuttles. 

The Linearity in cutback of current will ensure finished controlling, with no 

accidental power loss during the case of overtemperature or undervoltage. This 

controller drive is being used in operating Rotomag HK-series 1KW DC motor. 

1212S-CURTIS controllers are totally reprogrammable with the help of a software, 

Curtis 1214 OEM programming software. 
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Fig 17: Rotomag motor and Curtis Drive 

5.5.7  SOLENOID VALVES 

Here we are using 3 solenoid valves. A solenoid valve is basically an electrically 

operated valve. The valve constitutes a hollow solenoid (an electric hollow coil) 

with a moving ferro or ferrous magnetic core (called as plunger) at the center. 

When at resting position, the plunger shut down the small opening or orifice. But 

when current is passed through this the magnetic coil get energized and as a result 

the plunger moves up and orifice get open.  

 

Fig 18: Solenoid Valve 
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CHAPTER 6 

FLOW DIAGRAMS 

 

6.1 PROCESS DESCRIPTION WITH FLOW DIAGRAMS 

  The whole system process is described with the help of flow charts discussed below 

• In this flow chart functioning of the conveyor belt motor is depicted. Accuracy in the 

motion of the conveyor belt is one of the  most keen factor of this process. The 

conveyor belt motion is governed or we can say totally influenced by input signals sent 

by the sensors (IR sensors and reflective sensors) and output signal send by the VFD 

(Variable Frequency Drive, CURTIS 1214S). Inductive Proximity Sensor (IPR S1) does 

not directly influence the stopping and motion of the conveyor belt but whenever any of 

the five Photoelectric Retro Reflective type sensors (S2, S3, S4, S5, S6) sense any of the 

container metallic or non-metallic then the conveyor belt motor  stops its motion and 

resumed after a fixed time interval when any of the processes (container filling, capping 

of container and labelling of the container) is finally done.   

 

Fig 19: Flow diagram 1 
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• In this second flow chart, the whole process of sorting of containers and filling of each type 

of containers is depicted. When any type of container is moving on the conveyor belt, then 

Inductive proximity sensor (IPR S1) will decide the type of the container, whether it is 

metallic or non-metallic. If the presence of metallic container is there, then the Inductive PR 

Sensor S1 turns green, else there will be no change in PR sensor in case of non-metallic 

container. After that, both type of containers moves further and in later stage, they are 

detected by the Photoelectric retro- reflective type sensor (S2), which results into the 

opening of solenoid valve (V1) and as a result of this the tank1 starts filling the liquid into 

the container and this task lasts till the 33% or approximately one-third of the container gets 

filled. Then timer of the tank1 goes OFF and the motion of the conveyor belt starts again 

and continues till the next upcoming Photoelectric retro-reflective type sensor (S3) detects 

the container, which results into the opening of solenoid valve (V2) and as a result of this 

the tank2 starts filling the liquid into the container and this task lasts till the 66% or 

approximately two-third of the container gets filled. Then timer of the tank2 goes OFF and 

motion of the conveyor belt starts again and continues till the next upcoming Photoelectric 

retro-reflective type sensor (S4) detects the container, which results into the opening of 

solenoid valve (V3) and as a result of this the tank3 starts filling the liquid into the container 

and this task lasts till the 99% or approximately full container gets filled. But if the 

container that was not detected by the IPR S1 then as a action of that the solenoid valve 

(V3) will not open and as a result the tank 3 will not fill the non-metallic container in this 

scenario. As a consequence of this, the non-metallic container will be filled by 66% or two-

third of the liquid in the entire process. 
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Fig 20: Flow diagram 2 
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• This flow chart shows the process of capping of the containers along with the process of 

labelling of the containers. When Photoelectric retro-reflective sensor (S5) detects any type 

of the containers then the LED L1 of the unit of capping turns green and capping initiated to 

put the cap over the containers. During this entire process the conveyor belt motion is 

stopped. And after the competition of the process the motor resumes again. Now when 

Photoelectric retro-reflective sensor (S6) detects any type of the containers then the LED L2 

of the unit of labelling turns green and labelling initiated to put the labels over the 

containers. During this entire process the conveyor belt motion is stopped. And after the 

competition of the process the motor resumes again.   

 

 

Fig 21: Flow diagram 3 
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    CHAPTER 7 

         INFERENCE & RESULTS 

7.1   EXPLANATION 

Here, in this result section we are going to observe every result from the two used software 

of SCADA & PLC i.e. INTOUCH SCADA software by Wonderware & PLC programming 

simulation observations done in OMRON software Sysmac Studio. The whole process of 

visualization or monitoring can be observed in the INTOUCH SCADA software by 

Wonderware screen one by one, in the form of steps and PLC programming simulation of 

various steps is shown below of each SCADA software screen. 

Start the process by pressing START button. Due to this action, the Conveyor motor 

start running and as a result MDRs move the conveyor belt. 

 

 

Fig 22: Initiation of the Process 
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7.2   METALLIC CONTAINER MOVING CASE 

1. Inductive Proximity (IPR) sensor (S1) is able to spot metallic container which is moving 

on the conveyor. 

 

  

Fig 23: Sorting with Code 
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2. Now the (S2) Photo-electric retro-reflective sensor is detecting moving container and due to 

which, conveyor motor stops and the V1 valve opens and container got filled one-third. The 

moving of conveyor belt continues after some predefined time i.e. time required to fill the 

container one-third. 

 

 

Fig 24: Tank1 Level with Code 
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3. Now the (S3) Photo-electric retro-reflective sensor is detecting moving container and due to 

which, conveyor motor stops and the V2 valve opens and container got filled two-third. The 

moving of conveyor belt continues after some predefined time i.e. time required to fill the 

container one-third again. 

 

 

Fig 25: Tank 2 Level with Code 
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4. Now the (S4) Photo-electric retro-reflective sensor is detecting moving container and due to 

which, conveyor motor stops and the V3 valve opens and container got filled almost full. 

The moving of conveyor belt continues after some predefined time i.e. time required to fill 

the container one-third again. 

 

 

Fig 26: Tank 3 Level with Code 
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5. Now the (S5) Photo-electric retro-reflective sensor is detecting moving container and due to 

which, conveyor motor stops, L1 LED turns into green from red. The container got capped 

by capping unit. The moving of conveyor belt continues after some predefined time i.e. time 

required to cap the container. 

 

 

Fig 27: Capping with Code 
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6. Now the (S6) Photo-electric retro-reflective sensor is detecting moving container and due to 

which, conveyor motor stops, L2 LED turns into green from red. The container got yellow 

label by labelling unit. The moving of conveyor belt continues after some predefined time 

i.e. time required to label the container. 

 

 

Fig 28: Labelling with Code 
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7.3   NON- METALLIC CONTAINER MOVING CASE 

1) Inductive Proximity (IPR) sensor (S1) is not able to spot non-metallic container which is 

moving on the conveyor. 

 

 

Fig 29: Non-detection with Code 
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2) Now the (S2) Photo-electric retro-reflective sensor is detecting moving container and due to 

which, conveyor motor stops and the V1 valve opens and container got filled one-third. The 

moving of conveyor belt continues after some predefined time i.e. time required to fill the 

container one-third. 

 

 

Fig 30: Tank 1 level with code Case B 
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3) Now the (S3) Photo-electric retro-reflective sensor is detecting moving container and due to 

which, conveyor motor stops and the V2 valve opens and container got filled two-third. The 

moving of conveyor belt continues after some predefined time i.e. time required to fill the 

container one-third again. 

 

 

Fig 31: Tank 2 level with code Case B 
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4) Now the (S4) Photo-electric retro-reflective sensor is detecting moving container and 

due to which, conveyor motor stops but the V3 valve will not open and container is still 

filled two-third. The moving of conveyor belt continues with no stopping. 

 

Fig 32: Tank 3 level with code Case B 
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5) Now the (S5) Photo-electric retro-reflective sensor is detecting moving container and due to 

which, conveyor motor stops, L1 LED turns into green from red. The container got capped 

by capping unit. The moving of conveyor belt continues after some predefined time i.e. time 

required to cap the container. 

 

 

Fig 33: Capping with code Case B 
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6) Now the (S6) Photo-electric retro-reflective sensor is detecting moving container and due to 

which, conveyor motor stops, L2 LED turns into green from red. The container got blue 

label by labelling unit. The moving of conveyor belt continues after some predefined time 

i.e. time required to label the container. 

 

 

Fig 34: Labelling with code Case B 
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7.4   COUNTING OF CONTAINERS 

 

Fig 35: Counting Code 
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CHAPTER 8 

      CONLUSION AND FUTURE SCOPE 

 

Monitoring and Controlling of the Bottle filling process using PLC and SCADA 

simulations has been demonstrated and carried out successfully. The simulation using PLC 

and SCADA is quite useful for other automated industrial operations and for Warehouse 

Management Systems where storage can be facilitated using simulation techniques. The use 

of highly accurate proximity sensors along with Programmable Logic Controller make the 

system very efficient over the earlier hard-wired systems. 

The future scope of this project would include carrying it out on a real setup and 

understanding the whole process and economic impact. The work can also be employed 

with various sizes, shapes, and weights of the bottles and densities of the liquid. A level 

sensor can be used to detect the level of liquid filled. The process can be made more 

efficient using flow sensor which detects the liquid flow. Other applications and protocols 

like EtherCAT could be configured to allow monitoring of plant information from a 

decentralized server or using internet services. The process can be implemented on other 

controllers in order to compare the cost effectiveness. A numerical analysis of the space 

management, total cycle time and system throughput can be carried out which will reveal 

the advantage, cost savings in comparison to manual operations. 
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