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ABSTRACT 

 

 

 

PLCs (Programmable Logic Controllers) are in great demand across a wide 

range of industries. A PLC can be used to model a controlled processing plant using a 

Ladder Logic Diagram (LLD). The PLC will read all the sensors, process the logic 

network of input and output, and provides the corresponding output signals to all 

actuators. LLD is widely being used to model most of the PLCs on the market today 

since it is user-friendly and simple to grasp by users from different levels of 

background. The PLC in this research will be sped up by employing a Ladder Rung 

Processor (LRP) architecture in a Field Programmable Gate Array (FPGA). However, 

LRP is only good for binary inputs. For more than a single bit input or data processing, 

a general purpose CPU is needed to save resources. The trend toward concurrent 

processing, resulting in multicore CPUs, will make it easier for a PLC processor to 

complete numerous tasks at the same time, enhancing performance under the demands 

of powerful applications and programmes. As an example of controlling a 5 axes 

robotic arm, a single core CPU of PLC can only control a maximum of 2 axes at the 

same time. Hence, a combination of LRP and multicore CPU approach can increase 

the throughput of a PLC processor to do concurrent processing for automation, control 

and robotic applications. Several architectures of multicore CPU will be investigated 

before determining the best solution for a PLC processor. Therefore, several 

performances of multicore CPU for a PLC processor will be evaluated. A RISC based 

CPU will be used in this research due to its simplicity while maintaining the possibility 

for future expansion. A 16 bits RISC CPU will be the baseline reference in this 

research. Several modifications will be done in terms of memory allocation and task 

scheduling for each of the cores will be tackled to make sure they are fully utilized in 

order to boost the performance to maximum. Verilog HDL language will be the 

preference language in the designation of multicore PLC processor. The cyclic scans 

frequency of PLC will be the performance benchmark that will be compared with the 

existing PLC in the market. To verify the architecture of multicore PLC processor, 

simulation on a PC and interfaced with a PLC on an FPGA will be implemented. A 

multicore approach in designing a complete PLC processor will increase the overall 

performance compared to a single core PLC processor by handling multiple processes 

in a manufacturing line. 
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ABSTRAK 

 

 

 

PLC (Pengawal Logik yang Dapat Diprogramkan) sangat diminati di berbagai 

sektor. PLC adalah diprogramkan untuk memproses data input dalam Ladder Logic 

Diagram (LLD) dan untuk memberikan isyarat output kepada penggerak. LLD 

digunakan untuk memodelkan hampir semua PLC di pasaran hari ini kerana ia mesra 

pengguna dan mudah dipahami. PLC dalam penyelidikan ini akan dipercepat dengan 

menggunakan Array Gate Programmable Field (FGPA) di Ladder Rung Senibina 

pemproses (LRP). Walau bagaimanapun, LRP hanya baik untuk input binari. Untuk 

lebih daripada satu input bit atau pemprosesan data, CPU tujuan umum diperlukan 

untuk menjimatkan sumber. Kerana trend untuk melakukan serentak pemprosesan, 

multicores CPU akan membolehkan pemproses PLC melaksanakan pelbagai tugas 

pada masa yang sama dengan lebih mudah, meningkatkan prestasi semasa melakukan 

pelbagai tugas atau di bawah tuntutan aplikasi dan program yang kuat. Sebagai contoh 

pengendalian lengan robot 5 paksi, CPU teras tunggal PLC hanya dapat mengawal 

maksimum 2 paksi pada masa yang sama. Oleh itu, gabungan pendekatan LRP dan 

CPU multicore dapat meningkatkan throughput PLC pemproses untuk melakukan 

pemprosesan serentak untuk aplikasi automasi, kawalan dan robot. Beberapa seni bina 

CPU multicore akan disiasat sebelum menentukan penyelesaian terbaik untuk 

pemproses PLC. Oleh itu, beberapa persembahan CPU multicore untuk pemproses 

PLC akan dinilai. CPU berasaskan RISC akan digunakan dalam ini penyelidikan 

kerana kesederhanaannya sambil mengekalkan kemungkinan pengembangan masa 

depan. CPU RISC 16 bit akan menjadi rujukan asas dalam penyelidikan ini dan 

beberapa pengubahsuaian akan dilakukan dari segi peruntukan memori dan 

penjadualan tugas untuk setiap inti akan ditangani untuk memastikannya digunakan 

sepenuhnya untuk meningkatkan prestasi hingga maksimum. Bahasa Verilog HDL 

akan menjadi bahasa pilihan dalam sebutan multicore Pemproses PLC. Kekerapan 

imbasan siklik PLC akan menjadi penanda aras prestasi yang akan dibandingkan 

dengan PLC yang ada di pasaran. Untuk mengesahkan seni bina pemproses PLC 

multicore, simulasi pada PC dan dihubungkan dengan PLC pada FPGA akan 

dilaksanakan. Pendekatan multicore dalam merancang PLC lengkap pemproses akan 

meningkatkan prestasi keseluruhan berbanding dengan pemproses PLC teras tunggal 

dengan mengendalikan beberapa proses dalam barisan pembuatan. 
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CHAPTER 1 

 

 

 
INTRODUCTION 

 

 

 

 

 

 

1.1 Problem Statement 

 

 
A single core PLC processor has limited capacity to accomplish numerous 

tasks at the same time. As an example of controlling of 5 axes robotic arm, a single 

core CPU of PLC can only control a maximum of 2 axes at the same time before a 

significant performance degradation is noticeable. However, an LRP is processing 

Ladder Logic Diagram (LLD) in parallel. Hence, an LRP is very fast, but it is very 

high resources consumption while has limited data processing.  Hence, a combination 

of LRP and multicore CPU approach can increase the throughput of a PLC processor 

to do concurrent processing for automation, control and robotic applications. 

 

Increasing the number of PLCs in a processing plant will lead to increase of 

data communication overhead, manpower cost and hardware cost. Increasing of data 

communication overhead between PLCs, may increase the chances of data loss, delay 

or even may indirectly affect the performance of PLC. More PLCs means more 

programs to be modelled and hence more manpower is needed to focus on specific 

PLCs. In some cases, different PLC model may be used which also increase design 

complexity. Hardware cost increase also means more money is needed to buy more 

PLCs, more space, power, wiring installation and related hardware implementation. 

 

Compared to others control system, such as relay system, digital/analog control 

system and computer control system, PLC showed up to be a better choice due to its 

reliability and robustness. Hence, a higher performance PLC architecture is needed to 

speed up multiple executions process. 
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1.2 Research Goal 

 

 
1.2.1 Research Objectives 

 

 
The objectives of the research are: 

 

 
(a) To propose a multi-core 16-bit CPUs for PLC Processor 

 
(b) To design memory sharing mechanism for data sharing between multicores and 

PLC processor. 

 

 

 
1.3 Scope 

 

 
 A RISC-based CPU will be employed for Multi-core 16-bit PLC processor 

 
 

 Focus on SISD (Single Instruction Single Data) architecture since PLC data is 

small 

 

 Design of multicore PLC processor will be coded in Verilog HDL. 

 
 

 Intel Quartus II design and simulation tools will be used. 

 
 

 Number of multi-core CPU is limited to two units. 

 
 

 Several simple PLC applications on Ladder Logic Diagram will be built to test 

the design. 

 

1.4 Summary 

 

 
This report consists of 5 chapters, Chapter 1 discussed the introduction, 

objectives and scopes of the project. Chapter 2 discussed about the state of the arts. 
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Chapter 3 discussed about the design methodology. Chapter 4 discussed the results 

and chapter 5 showed the conclusion and future work for the project. 
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