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Mitsubishi iQ-F FX5U-32M PLC Utilization in Encoder 

applications via built-in High-speed counting. 
 

Introduction 
Embedded systems form the link between the software and hardware technical aspects of the world. 

Industrial PLCs have all the inherent characteristics to be firmly situated as 

the number 1 choice for intelligent control.  

 

PLCs in mainstream engineering are mainly classified into 3 categories, being 

modular, compact and micro types.  

 

Processing Speed 
The new Mitsubishi iQ-FX5 PLC range has been a revolutionary introduction to the controller market, for 

several of reasons, including being the world’s fastest compact PLC – which can execute a logical 

instruction within 34ns (which in theory equates to roughly 3 million logical 

instructions per second).  

 

However, as most competitors would say, speed isn’t everything – and whilst 

this statement is partially true, the FX5U PLC is a market leader for far more 

many reasons other than raw execution speed.  

 

High-speed Counting  
This PLCs inherent built-in functionality range is an example of this. The 

stand-alone CPU unit alone has an overshadowing amount of 

functionalities. One such feature is its built-in high-speed counting 

capabilities.  

 

It is clear that the High-speed CPU is accommodating these 

functionalities and devices. When it comes the Mitsubishi FA products, 

precision with functionality is the name of the game.  

 

Modernized automation demands precision and high sensitivity sensing 

– and these requirements are inter-dependent. These high-speed 

counter inputs makes various automation applications possible, such as 

the advanced positioning functionality.  

 

These are extensively used in conjunction with Servo and CNC 

applications, without the need to acquire additional specialised 

hardware for position sensing. Each of these special discrete inputs can 

sense pulses of up to 200 kpps (kHz).  
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This, coupled with the extensive programming library, built-in 

within GX Works3, allows for multitudes of possibilities.  

An example of such an application would be that of standard 

shaft position or rotational speed detection via a rotary 

incremental encoder.  

 

Normally with most other PLC products, specialized add-on 

modules, cards or adaptors would be required to be 

incorporated onto the PLC CPU to allow for this type of 

interaction.  

 

 

However, these features being built-in to the FX5U PLC, additional add-on hardware will not be required. 

For an entry-level application, a FX5U-32M model will do the trick. It can accommodate 6 High-speed 

inputs (200 kHz).  

 

In addition to these, 10 extra standard digital discrete inputs with 10 kHz sensing capabilities are also 

available for auxiliary\control purposes.  

 

In shaft rotary applications, where incremental rotary encoders are being used, the encoder has a fixed 

operational output per revolution, which is time-dependent only due the motor rotational speed (rps).  

Some simple Calculations… 
Since the encoder output frequency is a function of the motor angular velocity and the encoder resolution, 

combined with the fact that 𝐸𝑛𝑐𝑜𝑑𝑒𝑟 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝐷𝑒𝑛𝑠𝑖𝑡𝑦
(𝑝𝑝𝑠)

= 𝐸𝑛𝑐𝑜𝑑𝑒𝑟 𝑅𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛(𝑝𝑝𝑟)  × 𝑀𝑜𝑡𝑜𝑟 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑆𝑝𝑒𝑒𝑑
(𝑟𝑝𝑠)

, the 

following relationship applies; 

𝑬𝒏𝒄𝒐𝒅𝒆𝒓 𝑶𝒖𝒕𝒑𝒖𝒕 𝑷𝒖𝒍𝒔𝒆 𝒓𝒂𝒕𝒆
(𝑘𝐻𝑧)

= [
𝐸𝑛𝑐𝑜𝑑𝑒𝑟 𝑅𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛(𝑝𝑝𝑟)  × 𝑀𝑜𝑡𝑜𝑟 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑆𝑝𝑒𝑒𝑑

(𝑟𝑝𝑚)

1000 ×  60(𝑠)

] 

 

Thus, for the FX5U PLC, the encoder is to be selected such that Encoder Output Pulse rate
(kHz)

≤  200(kHz). The 

motor speed that is allowed, for 100% precision, is therefore given by; 

𝑴𝒐𝒕𝒐𝒓 𝑹𝒐𝒕𝒂𝒕𝒊𝒐𝒏𝒂𝒍 𝑺𝒑𝒆𝒆𝒅(𝑀𝑎𝑥)(𝑟𝑝𝑚)
=  [

𝐸𝑛𝑐𝑜𝑑𝑒𝑟 𝑂𝑢𝑡𝑝𝑢𝑡 𝑃𝑢𝑙𝑠𝑒 𝑟𝑎𝑡𝑒(𝑀𝑎𝑥)(𝑘𝐻𝑧)
× 1000 × 60(𝑠)

𝐸𝑛𝑐𝑜𝑑𝑒𝑟 𝑅𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛(𝑝𝑝𝑟)

] 

 

This means that even 𝐸𝑛𝑐𝑜𝑑𝑒𝑟 𝑅𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛(𝑝𝑝𝑟) =  2500(𝑝𝑝𝑟) type encoder can be used for lower range shaft rotational 

speed applications, in this case, 𝑀𝑜𝑡𝑜𝑟 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑆𝑝𝑒𝑒𝑑(𝑟𝑝𝑠) ≤  4800(𝑀𝑎𝑥)(𝑟𝑝𝑚)
.  

 

What if my motor’s rotational speed is constant and I want to establish which encoder is to be selected to 

accommodate the maximum allowed precision for this application, given the constant constraints? The 

following equation can be used; 

   𝑬𝒏𝒄𝒐𝒅𝒆𝒓 𝑹𝒆𝒔𝒐𝒍𝒖𝒕𝒊𝒐𝒏(𝒑𝒑𝒓)  =  [
𝐸𝑛𝑐𝑜𝑑𝑒𝑟 𝑂𝑢𝑡𝑝𝑢𝑡 𝑃𝑢𝑙𝑠𝑒 𝑟𝑎𝑡𝑒(𝑀𝑎𝑥)(𝑘𝐻𝑧)

× 1000 ×  60(𝑠)

𝑀𝑜𝑡𝑜𝑟 𝑅𝑜𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑆𝑝𝑒𝑒𝑑(𝑀𝑎𝑥)(𝑟𝑝𝑚)

] 

 

So, if the motor has for example a maximum rotational speed of 𝑀𝑜𝑡𝑜𝑟 𝑅𝑜𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑆𝑝𝑒𝑒𝑑
(𝑀𝑎𝑥)(𝑟𝑝𝑚)

= 1000(𝑟𝑝𝑚) , 

then an encoder with a resolution 𝑬𝒏𝒄𝒐𝒅𝒆𝒓 𝑹𝒆𝒔𝒐𝒍𝒖𝒕𝒊𝒐𝒏(𝒑𝒑𝒓) = 𝟏𝟐𝟎𝟎𝟎(𝒑𝒑𝒓) is to be used for maximum precision (however, 

lower resolution encoders may be fully acceptable – depending on the application).  
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Encoder application and configuration types… 
Different rotational positioning applications have different requirements, and therefore different 

incremental rotational encoders are available. Perhaps the most popular (non-specialized) type of encoder 

used is that of the 3-channel push-pull (transistor) incremental encoder. Some of the channels may be 

optional – depending on the application.  

 

If the application requires to a high-speed 

(10 kHz to 200 kHz) rotational speed of a 

shaft to be measured, then only 1 channel is 

required to be used by the FX5U PLC. Up to 

6 encoders can be connected to the FX5U-

32M. 

 

If the application requires to indicate 

rotational speed and direction, then both 

channel 1 and channel 2 would be required per encoder. Up to 3 encoders can be connected to a FX5U-

32M. 

 

Furthermore, if the application requires to indicate rotational speed and direction, with an absolute position 

of a shaft rotating faster than 10000 rps, then 3 channels are required, which would allow for 2 encoders 

to be accommodated to a FX5U-32M (given that the motor rotational speed is very high).  

 

If the motor shaft rotates slower than 10 000 rps, then any other digital discrete input can be used for the 

index channel. This means up to 3 encoders can be connected to a FX5U-32M. 

 

If the encoder-motor conjugal relationship does not require more than 10 kHz for rotational speed, then 

the FX5U-32M PLC can accommodate 16 channels.  

 

Below a table which indicates the accommodated amount of encoders depending on the application; 
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Encoder - FX5U Interface wiring…  
How easy is it to connect an encoder to a iQ-F CPU? A Typical wiring layout is specified as follows; 

 

 

FX5U High-speed discrete sensing configuration with GX Works 3…  
 
What is the software configuration setup requirements for a FX5 to accommodate encoders? An example of 
the configuration of such a system could be applied as follows – using the GX 
Works 3 Engineering Software; 
 

 
 
Besides being used to configure the Mitsubishi iQ PLC series, highly advanced PLC programming can be 
performed, suitable for any engineering application.  
 
The following IEC languages are applicable: FBD, ST and LD. For the programming required to 
accommodate these encoders we will look at the highly popular Function Block route. 
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GX Works 3 – FX5U PLC Programming sample for high-speed counter. 
As stated, for the PLC programming – the following is an example can be easily attained via GX Works 3; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The resultant outputs can be monitored in the GX Works 3 Watch Window; 
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List of acronyms, abbreviations and nomenclature: 
PLC – Programmable Logic Controller ns - nanoseconds 

CPU – Central Processing Unit  rps – revolutions per second 

ppr – Pulses per Rotation   rpm - revolutions per minute 

kpps – kilopulses per second  kHz – kilohertz  

FA – Factory Automation   s – second 

CNC – Computer Numerical Control  bin – Binary 

Servo – Servomechanism   µs – micro-second 

LD – Ladder Logic    IEC – International Electrotechnical Commission 

FBD – Function Block Diagrams  ST – Structured Text 

 SI - Système international   Adroit – Advanced Distributed Realtime Object Oriented Toolkit 

 


