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²ŀǊƴƛƴƎ 

мΦ Lǘ ƛǎ ŦƻǊōƛŘŘŜƴ ŦƻǊ ǳǎŜǊǎ ǘƻ ŘƛǎŀǎǎŜƳōƭŜ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ƳƻŘǳƭŜ ōȅ ǘƘŜƳǎŜƭǾŜǎΦ 

нΦ tƭŜŀǎŜ ŎƘŜŎƪ ƛŦ ǘƘŜ ǎǳǇǇƭȅ ǾƻƭǘŀƎŜ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ǘǊŀƴǎƳƛǘǘŜǊ ƳŜŜǘǎ ǘƘŜ ǇƻǿŜǊ ǎǳǇǇƭȅ ǾƻƭǘŀƎŜ ǊŜǉǳƛǊŜƳŜƴǘǎ 

ƛƴ ǘƘŜ ƳŀƴǳŀƭΦ 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

±ŜǊǎƛƻƴ̔V1.2 

 
5ƛǎŎƭŀƛƳŜǊ ƻŦ [ƛŀōƛƭƛǘȅ 

²Ŝ ƘŀǾŜ ǊŜǾƛŜǿŜŘ ǘƘŜ ŎƻƴǘŜƴǘǎ ƻŦ ǘƘƛǎ ǇǳōƭƛŎŀǘƛƻƴ ǘƻ ŜƴǎǳǊŜ ŎƻƴǎƛǎǘŜƴŎȅ ǿƛǘƘ ǘƘŜ ƘŀǊŘǿŀǊŜ ŀƴŘ ǎƻŦǘǿŀǊŜ 
ŘŜǎŎǊƛōŜŘΦ {ƛƴŎŜ ǾŀǊƛŀƴŎŜ Ŏŀƴƴƻǘ ōŜ ǇǊŜŎƭǳŘŜŘ ŜƴǘƛǊŜƭȅΣ ǿŜ Ŏŀƴƴƻǘ ƎǳŀǊŀƴǘŜŜ Ŧǳƭƭ ŎƻƴǎƛǎǘŜƴŎȅΦ IƻǿŜǾŜǊΣ ǘƘŜ 
ƛƴŦƻǊƳŀǘƛƻƴ ƛƴ ǘƘƛǎ ǇǳōƭƛŎŀǘƛƻƴ ƛǎ ǊŜǾƛŜǿŜŘ ǊŜƎǳƭŀǊƭȅ ŀƴŘ ŀƴȅ ƴŜŎŜǎǎŀǊȅ ŎƻǊǊŜŎǘƛƻƴǎ ŀǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ǎǳōǎŜǉǳŜƴǘ 
ŜŘƛǘƛƻƴǎΦ !ƴȅ ǎǳƎƎŜǎǘƛƻƴǎ ŦƻǊ ƛƳǇǊƻǾŜƳŜƴǘ ŀǊŜ ǿŜƭŎƻƳŜΦ 

aƛŎǊƻŎȅōŜǊ /ƻǊǇƻǊŀǘƛƻƴ нлно 

¢ƘŜ ǘŜŎƘƴƛŎŀƭ Řŀǘŀ Ƴŀȅ ŎƘŀƴƎŜ ŀǘ ŀƴȅ ǘƛƳŜΦ 
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/ƻƳǇŀƴȅ LƴǘǊƻŘǳŎǘƛƻƴ 

aƛŎǊƻŎȅōŜǊ /ƻǊǇƻǊŀǘƛƻƴ ŜǎǘŀōƭƛǎƘŜŘ ŀǎ ŀ ƘƛƎƘπǘŜŎƘ ŜƴǘŜǊǇǊƛǎŜ ōȅ ǘƘŜ {ƘŜƴȅŀƴƎ LƴǎǘƛǘǳǘŜ ƻŦ !ǳǘƻƳŀǘƛƻƴ /ƘƛƴŜǎŜ 
!ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎΣ Ƴŀƛƴƭȅ ŜƴƎŀƎŜǎ ƛƴ ŀŘǾŀƴŎŜŘ ƛƴŘǳǎǘǊƛŀƭ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳǎΣ ŜǉǳƛǇƳŜƴǘǎΣ ƛƴǎǘǊǳƳŜƴǘǎ ŀƴŘ 
ŎƘƛǇǎ ŦƻǊ ƛƴŘǳǎǘǊƛŀƭ ǇǊƻŎŜǎǎ ŀǳǘƻƳŀǘƛƻƴ ŎƻƴǘǊƻƭ ǎƻƭǳǘƛƻƴǎ ƛƴ ǘƘŜ ǊŜǎŜŀǊŎƘΣ ŘŜǾŜƭƻǇƳŜƴǘΣ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ 
ŀǇǇƭƛŎŀǘƛƻƴΦ aƛŎǊƻŎȅōŜǊ ǳƴŘŜǊǘŀƪŜǎ ŀ ƴǳƳōŜǊ ƻŦ ƴŀǘƛƻƴŀƭ ǎŎƛŜƴǘƛŦƛŎ ŀƴŘ ǘŜŎƘƴƛŎŀƭ ƪŜȅ ǘŀǎƪ ŀƴŘ άусоέ ǇǊƻƧŜŎǘΣ 
ŀƴŘ Ƙŀǎ [ƛŀƻƴƛƴƎ tǊƻǾƛƴŎŜ ƴŜǘǿƻǊƪŜŘ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳǎ ŜƴƎƛƴŜŜǊƛƴƎ ǊŜǎŜŀǊŎƘ ŎŜƴǘŜǊΦ 

aƛŎǊƻŎȅōŜǊ ǎǳŎŎŜǎǎŦǳƭƭȅ ŘŜǾŜƭƻǇŜŘ ǘƘŜ ŦƛǊǎǘ ŘƻƳŜǎǘƛŎŀƭƭȅ ŎŜǊǘƛŦƛŜŘ ŦƛŜƭŘōǳǎ ǇǊƻǘƻŎƻƭ ƳŀǎǘŜǊ ǎǘŀŎƪΣ ǘƘŜ ŦƛǊǎǘ 
ƴŀǘƛƻƴŀƭƭȅ ŎŜǊǘƛŦƛŜŘ ŦƛŜƭŘōǳǎ ƛƴǎǘǊǳƳŜƴǘΣ ŀƴŘ ǘƘŜ ŦƛǊǎǘ ŘƻƳŜǎǘƛŎ ǎŀŦŜǘȅ ƛƴǎǘǊǳƳŜƴǘ ŎŜǊǘƛŦƛŜŘ ōȅ DŜǊƳŀƴ ¢Ǹ±Σ ŀƴŘ 
ŎƻπƘƻǎǘŜŘ ǿƛǘƘ ƻǘƘŜǊ ǳƴƛǘǎ Lǘ Ƙŀǎ ŦƻǊƳǳƭŀǘŜŘ ǘƘŜ ŦƛǊǎǘ ŘƻƳŜǎǘƛŎ ƛƴŘǳǎǘǊƛŀƭ 9ǘƘŜǊƴŜǘ ǇǊƻǘƻŎƻƭ ǎǘŀƴŘŀǊŘ 9t! ŀƴŘ 
ǘƘŜ ŦƛǊǎǘ ƛƴŘǳǎǘǊƛŀƭ ǿƛǊŜƭŜǎǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǇǊƻǘƻŎƻƭ ǎǘŀƴŘŀǊŘ ²L!πt!Σ ǿƘƛŎƘ ƘŀǾŜ ōŜŎƻƳŜ L9/ ƛƴǘŜǊƴŀǘƛƻƴŀƭ 
ǎǘŀƴŘŀǊŘǎΦ 

¢ƘŜ ǇǊƻŘǳŎǘǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŜǎ ƻŦ aƛŎǊƻŎȅōŜǊ ƘŀǾŜ ǿƻƴ ǘǿƻ ǎŜŎƻƴŘ ǇǊƛȊŜǎ ƻŦ bŀǘƛƻƴŀƭ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ 
tǊƻƎǊŜǎǎ !ǿŀǊŘΣ ƻƴŜ bŀǘƛƻƴŀƭ {ŎƛŜƴŎŜ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅ LƴǾŜƴǘƛƻƴ !ǿŀǊŘΣ ƻƴŜ ŦƛǊǎǘ ǇǊƛȊŜ ƻŦ {ŎƛŜƴŎŜ ŀƴŘ 
¢ŜŎƘƴƻƭƻƎȅ tǊƻƎǊŜǎǎ ƻŦ /ƘƛƴŜǎŜ !ŎŀŘŜƳȅ ƻŦ {ŎƛŜƴŎŜǎΣ ŀƴŘ ƻƴŜ ŦƛǊǎǘ ǇǊƛȊŜ ƻŦ [ƛŀƻƴƛƴƎ tǊƻǾƛƴŎŜ {ŎƛŜƴŎŜ ŀƴŘ 
¢ŜŎƘƴƻƭƻƎȅ tǊƻƎǊŜǎǎΦ ¢ƘŜ ǇǊƻŘǳŎǘǎ ŀǊŜ ŜȄǇƻǊǘŜŘ ǘƻ 9ǳǊƻǇŜ ŀƴŘ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ ŜǘŎΦ Lƴ ŘŜǾŜƭƻǇŜŘ ŎƻǳƴǘǊƛŜǎΣ 
ǘƻǇ ŎƻƳǇŀƴƛŜǎ ƛƴ ǘƘŜ ƛƴŘǳǎǘǊȅ ǎǳŎƘ ŀǎ 9ƳŜǊǎƻƴ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΣ wƻǘƻǊƪ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ YƛƴƎŘƻƳΣ ŀƴŘ .ƛŦƻƭŘ 
ƛƴ ǘƘŜ ¦ƴƛǘŜŘ YƛƴƎŘƻƳ ƘŀǾŜ ŀŘƻǇǘŜŘ aƛŎǊƻŎȅōŜǊ ϥǎ ƪŜȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ƻǊ ƪŜȅ ŎƻƳǇƻƴŜƴǘǎ ƛƴ ǘƘŜƛǊ ǇǊƻŘǳŎǘǎΣ ŀƴŘ 
ƘŀǾŜ ǎǳŎŎŜǎǎŦǳƭƭȅ ŎƻƳǇƭŜǘŜŘ ƳƻǊŜ ǘƘŀƴ нлл ƭŀǊƎŜπǎŎŀƭŜ ŀǳǘƻƳŀǘƛƻƴ ŜƴƎƛƴŜŜǊƛƴƎ ǇǊƻƧŜŎǘǎΦ 

Microcyber is the member of FCG (FieldComm Group) and PNO (Profibus National Organization). 
aƛŎǊƻŎȅōŜǊ ǇŀǎǎŜŘ ǘƘŜ !ǳǘƘŜƴǘƛŎŀǘƛƻƴ ƻŦ L{h фллм vǳŀƭƛǘȅ {ȅǎǘŜƳΣ ŀƴŘ Ƙŀǎ ŀƴ ƻǳǘǎǘŀƴŘƛƴƎ ƛƴƴƻǾŀǘƛǾŜ wϧ5 
ǘŜŀƳΣ ǇƭŜƴǘƛŦǳƭ ǇǊŀŎǘƛŎŀƭ ŜȄǇŜǊƛŜƴŎŜǎ ƻŦ ŘŜǎƛƎƴ ƻŦ ǘƘŜ !ǳǘƻƳŀǘƛŎ ŜƴƎƛƴŜŜǊƛƴƎΣ ŀ ƭŜŀŘƛƴƎ ǇǊƻŘǳŎǘ ǎŜǊƛŜǎΣ ŀ ƘǳƎŜ 
ƳŀǊƪŜǘ ƴŜǘǿƻǊƪΣ ŀ ǎǘǊƛŎǘ ǉǳŀƭƛǘȅ ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳ ŀƴŘ ŀƴ ŜȄŎŜƭƭŜƴǘ ŜƴǘŜǊǇǊƛǎŜ ŎǳƭǘǳǊŜΦ !ƭƭ ǘƘŜǎŜ ŦǳǊǘƘŜǊ ŀ 
ǎƻƭƛŘ ŦƻǳƴŘŀǘƛƻƴ ƻŦ ŜƴǘǊŜǇǊŜƴŜǳǊǎƘƛǇ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘ ŦƻǊ aƛŎǊƻŎȅōŜǊΦ 

/ŀǊǊȅƛƴƎ ǘƘŜ ƛŘŜŀƭǎ ƻŦ ŜƳǇƭƻȅŜŜǎΣ ŎǊŜŀǘƛƴƎ ŎǳǎǘƻƳŜǊ ǾŀƭǳŜ ŀƴŘ ǇǊƻƳƻǘƛƴƎ ŜƴǘŜǊǇǊƛǎŜ ŘŜǾŜƭƻǇƳŜƴǘΦ 
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1  hǾŜǊǾƛŜǿ 

MC0313 Modbus to FF built-in core module is an built-in conversion module of Modbus RTU protocol and FF 

ǇǊƻǘƻŎƻƭ ŘŜǾŜƭƻǇŜŘ ōȅ aƛŎǊƻŎȅōŜǊ /ƻǊǇƻǊŀǘƛƻƴΦ Lǘ ƛǎ ƻƴŜ ƻŦ ǘƘŜ aƛŎǊƻŎȅōŜǊΩǎ a ǎŜǊƛŜǎ ōǳƛƭǘ-in core modules. This 

series of built-in core board modules have the characteristics of the same size, the same interface, easy upgrade, 

simple configuration, etc. It is an ideal choice for users to quickly develop fieldbus devices. The MC0313 Modbus to 

FF built-in core module, as a Modbus host, communicates with the device with Modbus RTU communication 

function through TTL interface, and can convert the data in the device to FF device variable output. MC0313 Modbus 

to FF built-in core module, as shown in Figure 1.1 below: 

 

CƛƎǳǊŜ мΦм a/ломо aƻŘōǳǎ ǘƻ CC 9ƳōŜŘŘŜŘ ŎƻǊŜ ƳƻŘǳƭŜ 

1.1 CŜŀǘǳǊŜǎ 

1.1.1 {ŀƳŜ {ƛȊŜ 

aƛŎǊƻŎȅōŜǊΩǎ aC series built-in core modules have the same size, 35mm (length) * 35mm (width). 

1.1.2 {ŀƳŜ LƴǘŜǊŦŀŎŜ 

aƛŎǊƻŎȅōŜǊΩǎ aC series built-in core modules adopt 2.0 spacing double row 14 pin connectors, which are 

functionally compatible. 

1.1.3 9ŀǎȅ ǘƻ ¦ǇƎǊŀŘŜ 

Replace different built-ƛƴ ŎƻǊŜ ƳƻŘǳƭŜǎ ƻŦ aƛŎǊƻŎȅōŜǊΩǎ aC series, and immediately implement devices with 

different protocols. 

1.1.4 {ƛƳǇƭŜ /ƻƴŦƛƎǳǊŀǘƛƻƴ 

It is easy to operate and use by using the special configuration tool of Microcyber. 
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1.2 tǊƻŘǳŎǘ 5ŜǾŜƭƻǇƳŜƴǘ tǊƻŎŜǎǎ 

 

Step 1: Hardware design 
According to the overall dimensions of this module and the definition of interface pins, the original user's 

product hardware schematic diagram and PCB diagram are redesigned. If the MC-series is fully compatible, the 

hardware design should refer to the interface pin definitions of all MC-series modules. 

Step 2: Software design 

Except for the interface definition with the module that needs to be modified, the original software design does 

not need to be modified. Modbus RTU protocol is used for communication between modules and user products. 

Step 3: Module configuration 

According to user requirements, use the Modbus general configuration tool to make necessary factory 

configuration of the module. After configuration, the module will communicate with the user product according 

to this working mode. 

Step 4: Serial communication 

Conduct preliminary debugging to check whether the serial port data communication between the user product 

and the module interface is normal. 

 

Step 5: Customizing and developing DD files (optional) 

You can select user-defined parameter names. This step requires customization and development. 

Step 6: Install, configure and debug the product 

It is recommended to use NI equipment to build a debugging experiment system to detect FF communication 

and product operation. Use the experimental system to connect the products developed by users, and debug to 

realize the design functions. 

End 
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1.3 hǾŜǊŀƭƭ 5ƛƳŜƴǎƛƻƴǎ 

 
CƛƎǳǊŜ мΦн 9ȄǘŜǊƴŀƭ ŘƛƳŜƴǎƛƻƴǎ ƻŦ ŜƳōŜŘŘŜŘ ŎƻǊŜ ƳƻŘǳƭŜ όǳƴƛǘΥ ƳƳύ 

1.4 aƻŘǳƭŜ {ǘǊǳŎǘǳǊŜ 

 
CƛƎǳǊŜ мΦо {ǘǊǳŎǘǳǊŜ ƻŦ ŜƳōŜŘŘŜŘ ŎƻǊŜ ƳƻŘǳƭŜ  
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2  Lƴǎǘŀƭƭŀǘƛƻƴ 

2.1 9ȄǘŜǊƴŀƭ LƴǘŜǊŦŀŎŜ ƻŦ aƻŘǳƭŜ 

The terminal distribution and meaning of MC0313 Modbus to FF embedded core module are shown in Figure 2.1 

below: 

1

14

15

28

 

CƛƎǳǊŜ нΦм /ƻƳƳǳƴƛŎŀǘƛƻƴ ƛƴǘŜǊŦŀŎŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ aƻŘōǳǎ ǘƻ CC 9ƳōŜŘŘŜŘ ŎƻǊŜ ƳƻŘǳƭŜ  

2.2 LƴǘǊƻŘǳŎǘƛƻƴ ǘƻ aƻŘǳƭŜ LƴǘŜǊŦŀŎŜ CǳƴŎǘƛƻƴǎ 

 

 
tƛƴ bŀƳŜ 5ŜǎŎǊƛǇǘƛƻƴ 

м {²5Lh  5ŀǘŀ ƛƴǇǳǘ ŀƴŘ ƻǳǘǇǳǘ όŘƻǿƴƭƻŀŘ ƛƴǘŜǊŦŀŎŜύ 

н {²/[Y /ƭƻŎƪ ǎƛƎƴŀƭ όŘƻǿƴƭƻŀŘ ƛƴǘŜǊŦŀŎŜύ 

о bw{¢ a/¦ ǊŜǎŜǘ ǎƛƎƴŀƭ όŘƻǿƴƭƻŀŘ ƛƴǘŜǊŦŀŎŜύ 

п Db5 wŜŦŜǊŜƴŎŜ ǎƛǘŜ 

р Lh wŜǎŜǊǾŜŘ DtLh 

с w·5 ¦!w¢м ƛƴǇǳǘ ¢¢[ ƭŜǾŜƭ 

т ¢·5 ¦!w¢м ƻǳǘǇǳǘ ¢¢[ ƭŜǾŜƭ 

у Lh wŜǎŜǊǾŜŘ DtLh 

ф {tLмψb{{ 
wŜǎŜǊǾŜŘ {tL ƛƴǘŜǊŦŀŎŜκDtLh 
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мл {tLмψaL{h 

wŜǎŜǊǾŜŘ {tL ƛƴǘŜǊŦŀŎŜκDtLh 

мм {tLмψah{L wŜǎŜǊǾŜŘ {tL ƛƴǘŜǊŦŀŎŜκDtLh 

мн {tLмψ/[Y wŜǎŜǊǾŜŘ {tL ƛƴǘŜǊŦŀŎŜκDtLh 

мо оΦо±ψh¦¢ tƻǿŜǊ ƻǳǘǇǳǘ 

мп сΦн±ψh¦¢ tƻǿŜǊ ƻǳǘǇǳǘ 

мр Lh wŜǎŜǊǾŜŘ DtLh 

мс Lh wŜǎŜǊǾŜŘ DtLh 

мт ²t 
²ǊƛǘŜ ǇǊƻǘŜŎǘƛƻƴ Řƛŀƭ ǎǿƛǘŎƘΣ ŀƴȅ ǿǊƛǘŜ ƻǇŜǊŀǘƛƻƴ ǘƻ CC ŎƻƳƳǳƴƛŎŀǘƛƻƴ 
ƳƻŘǳƭŜ ǿƛƭƭ ōŜ ǊŜƧŜŎǘŜŘΣ ǿƘƛŎƘ Ŏŀƴ ǇǊŜǾŜƴǘ ǘƘŜ Řŀǘŀ ƻŦ CC ŎƻƳƳǳƴƛŎŀǘƛƻƴ 
ƳƻŘǳƭŜ ŦǊƻƳ ōŜƛƴƎ ŎƘŀƴƎŜŘ ŀǘ ǿƛƭƭΦ 

му w{¢ 

wŜǎŜǘ ǘƘŜ Řƛŀƭ ǎǿƛǘŎƘ ŀƴŘ ǊŜǎǘƻǊŜ ǘƘŜ ǘǊŀƴǎƳƛǘǘŜǊ Řŀǘŀ ǘƻ ǘƘŜ ŦŀŎǘƻǊȅ ǎǘŀǘŜΦ 
CƛǊǎǘΣ ǘƘŜ CC ŎƻƳƳǳƴƛŎŀǘƛƻƴ ƳƻŘǳƭŜ ƛǎ ǇƻǿŜǊŜŘ ƻŦŦΦ ¢ǳǊƴ ǘƘŜ Řƛŀƭ ǎǿƛǘŎƘ ǘƻ 
ǘƘŜ hb ǇƻǎƛǘƛƻƴΦ ¢ƘŜ ƳƻŘǳƭŜ ƛǎ ǇƻǿŜǊŜŘ ƻƴΦ ¢ƘŜ CC ŎƻƳƳǳƴƛŎŀǘƛƻƴ ƳƻŘǳƭŜ 
ƛǎ ǊŜǎǘƻǊŜŘ ǘƻ ǘƘŜ ŦŀŎǘƻǊȅ ǎǘŀǘŜΦ ¢ƘŜƴ ǘǳǊƴ ǘƘŜ Řƛŀƭ ǎǿƛǘŎƘ ōŀŎƪ ǘƻ ǘƘŜ hCC 
Ǉƻǎƛǘƛƻƴ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ǘƘŜ ƴŜȄǘ ǇƻǿŜǊ ƻƴ ǿƛƭƭ ƴƻǘ ƳƛǎƻǇŜǊŀǘŜΦ 

мф {κ9 {ƛƳǳƭŀǘƛƻƴ 5Lt ǎǿƛǘŎƘ Ŏŀƴ ǊŜŀƭƛȊŜ ǎƛƳǳƭŀǘƛƻƴ ŦǳƴŎǘƛƻƴΦ ό{ƛƳǳƭŀǘƛƻƴ ƛǎ ƻƴƭȅ 
ǳǎŜŘ ōȅ CCύ 

нл Lh ¦!w¢м ƛǎ ǳǎŜŘ ŦƻǊ w¢{ ŎƻƴǘǊƻƭ ŜƴŘ ƻŦ пур ŎƻƳƳǳƴƛŎŀǘƛƻƴ 

нм Lh wŜǎŜǊǾŜŘ DtLh 

нн {/[ wŜǎŜǊǾŜŘ Lн/ ǇƛƴκDtLh 

но {5! wŜǎŜǊǾŜŘ Lн/ ǇƛƴκDtLh 

нп Lh aƻŘōǳǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǎǘŀǘǳǎ ƛƴŘƛŎŀǘƻǊΣ ŜŦŦŜŎǘƛǾŜ ŀǘ ƭƻǿ ƭŜǾŜƭ 

нр Lh CC ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǎǘŀǘǳǎ ƛƴŘƛŎŀǘƻǊΣ ŜŦŦŜŎǘƛǾŜ ŀǘ ƭƻǿ ƭŜǾŜƭ 

нс Db5 wŜŦŜǊŜƴŎŜ ǎƛǘŜ 

нт .¦{Ҍ .ǳǎ ǇƻǿŜǊ ǎǳǇǇƭȅ ǇƻǎƛǘƛǾŜ 

ну .¦{π .ǳǎ ǇƻǿŜǊ ǎǳǇǇƭȅ ƴŜƎŀǘƛǾŜ 
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3  ²ƻǊƪƛƴƎ tǊƛƴŎƛǇƭŜ 

¢ƘŜ a/ломо aƻŘōǳǎ ǘƻ CC ŜƳōŜŘŘŜŘ ŎƻǊŜ ƳƻŘǳƭŜ ƛǎ ŀ ǇǊƻǘƻŎƻƭ ŎƻƴǾŜǊǎƛƻƴ ƳƻŘǳƭŜ ǘƘŀǘ ǎǳǇǇƻǊǘǎ ǘƘŜ 

ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǇǊƻǘƻŎƻƭ ōŜǘǿŜŜƴ aƻŘōǳǎ ŀƴŘ CCΦ !ǎ ŀƴ CC ŘŜǾƛŎŜΣ ƛǘ Ŏŀƴ ŎƻƳƳǳƴƛŎŀǘŜ ǿƛǘƘ ǘƘŜ aƻŘōǳǎ ŘŜǾƛŎŜΦ 

¢ƘǊƻǳƎƘ ǎƛƳǇƭŜ ŎƻƴŦƛƎǳǊŀǘƛƻƴΣ ƛǘ Ŏŀƴ ǊŜŀŘ ǘƘŜ aƻŘōǳǎ Řŀǘŀ ƛƴǘƻ ǘƘŜ CC ŘŜǾƛŎŜ ŀƴŘ ǘǊŀƴǎƳƛǘ ǘƘŜ Řŀǘŀ ǘƻ ǘƘŜ ŎƻƴǘǊƻƭ 

ǎȅǎǘŜƳ ǘƘǊƻǳƎƘ ǘƘŜ CC ōǳǎΦ ¢ƘŜ ǎȅǎǘŜƳ ŎƻƴƴŜŎǘƛƻƴ ŘƛŀƎǊŀƳ ƻŦ a/ломо aƻŘōǳǎ ǘƻ CC ŜƳōŜŘŘŜŘ ŎƻǊŜ ƳƻŘǳƭŜ ƛǎ 

ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ оΦм ōŜƭƻǿΥ 

24VDC 

power sppply

PC

+-

NI USB-8486

FF power supply 

& terminator

BUS+

BUS-

24VDC

power sppply

+

-

FF device

Modbus 
device

TXD

RXD

MC0313 MODBUS tp FF 
embedded core module

FF

interface
MODBUS

interface

BUS+

BUS-

MODBUS

interface

Inside the FF device

 

Figure 3.1 {ȅǎǘŜƳ ŎƻƴƴŜŎǘƛƻƴ ŘƛŀƎǊŀƳ ƻŦ a/ломо aƻŘōǳǎ ǘƻ CC 9ƳōŜŘŘŜŘ ŎƻǊŜ ƳƻŘǳƭŜ  

¢ƘŜ a/ломо aƻŘōǳǎ ǘƻ CC ŜƳōŜŘŘŜŘ ŎƻǊŜ ƳƻŘǳƭŜ ǎǳǇǇƻǊǘǎ м aƻŘōǳǎ ǎƭŀǾŜΣ у ŀƴŀƭƻƎ ƛƴǇǳǘǎ ŀƴŘ ƻǳǘǇǳǘǎ ŀƴŘ у 

ŘƛǎŎǊŜǘŜ ƛƴǇǳǘǎ ŀƴŘ ƻǳǘǇǳǘǎΣ ǇǊƻǾƛŘƛƴƎ ŀ ǘƻǘŀƭ ƻŦ он ŎƘŀƴƴŜƭ ŀŎŎŜǎǎŜǎΦ ¢ƘŜ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ōȅ ǘƘŜ aƻŘōǳǎ ŘŜǾƛŎŜ ƛǎ 

ŎƻƴŦƛƎǳǊŜŘ ǘƻ ǘƘŜ ǇŀǊŀƳŜǘŜǊǎ ƻŦ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴ ōƭƻŎƪ ƻŦ ǘƘŜ a/ломо aƻŘōǳǎ ǘƻ CC ŜƳōŜŘŘŜŘ ŎƻǊŜ ƳƻŘǳƭŜ ǘƘǊƻǳƎƘ 

ǘƘŜ aƻŘōǳǎ ǊŜƎƛǎǘŜǊΣ ŀƴŘ ǘƘŜƴ ǇǊƻǾƛŘŜǎ Řŀǘŀ ǎǳǇǇƻǊǘ ŦƻǊ ǘƘŜ CC ǎȅǎǘŜƳ ǘƘǊƻǳƎƘ ǘƘŜ ŎƘŀƴƴŜƭ ŀŎŎŜǎǎ ŦǳƴŎǘƛƻƴ ƻŦ 

ǾŀǊƛŀōƭŜǎ ǘƻ ǘƘŜ !LΣ !hΣ 5L ŀƴŘ 5h ŦǳƴŎǘƛƻƴ ōƭƻŎƪǎΦ ¢ƘŜ ǇǊƛƴŎƛǇƭŜ ōƭƻŎƪ ŘƛŀƎǊŀƳ ƻŦ a/ломо aƻŘōǳǎ ǘƻ CC ŜƳōŜŘŘŜŘ 

ŎƻǊŜ ƳƻŘǳƭŜ ƛǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ оΦн ōŜƭƻǿΥ 
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Figure 3.2 tǊƛƴŎƛǇƭŜ ōƭƻŎƪ ŘƛŀƎǊŀƳ ƻŦ a/ломо aƻŘōǳǎ ǘƻ CC ŜƳōŜŘŘŜŘ ŎƻǊŜ ƳƻŘǳƭŜ 
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4  5ŜǾƛŎŜ /ƻƴŦƛƎǳǊŀǘƛƻƴ 

4.1 ¢ƻǇƻƭƻƎƛŎŀƭ /ƻƴƴŜŎǘƛƻƴ 

CC ŘŜǾƛŎŜ ǎǳǇǇƻǊǘǎ ƳǳƭǘƛǇƭŜ ƴŜǘǿƻǊƪ ǘƻǇƻƭƻƎȅ ŎƻƴƴŜŎǘƛƻƴ ƳƻŘŜǎΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ пΦмΦ CƛƎǳǊŜ пΦн ǎƘƻǿǎ ǘƘŜ ōǳǎ 

ŎƻƴƴŜŎǘƛƻƴ ƻŦ CC ŘŜǾƛŎŜΦ .ƻǘƘ ŜƴŘǎ ƻŦ ǘƘŜ ōǳǎ ƴŜŜŘ ǘƻ ōŜ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ǘŜǊƳƛƴŀƭ ƳŀǘŎƘƛƴƎ ǊŜǎƛǎǘŀƴŎŜ ǘƻ ŜƴǎǳǊŜ 

ǘƘŜ ǎƛƎƴŀƭ ǉǳŀƭƛǘȅΦ ¢ƘŜ ƳŀȄƛƳǳƳ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ōǳǎ ƛǎ мфлл ƳŜǘŜǊǎΣ ŀƴŘ ǘƘŜ ǊŜǇŜŀǘŜǊ Ŏŀƴ ōŜ ŜȄǘŜƴŘŜŘ ǘƻ мл ƪƛƭƻƳŜǘŜǊǎΦ 

 

 

Master

Fieldbus I/O

            

Junction box

FF bus

Point to point Bus with branch line Daisy chain Tree type
 

CƛƎǳǊŜ пΦм CC ƴŜǘǿƻǊƪ ǘƻǇƻƭƻƎȅ 
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CƛƎǳǊŜ пΦн CC ōǳǎ ŎƻƴƴŜŎǘƛƻƴ 
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4.2 CǳƴŎǘƛƻƴ .ƭƻŎƪ 5ŜǎŎǊƛǇǘƛƻƴ 

¢ƘŜ ŘŜŦŀǳƭǘ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ƻŦ a/ломо aƻŘōǳǎ ǘƻ CC ŜƳōŜŘŘŜŘ ŎƻǊŜ ƳƻŘǳƭŜ ƛƴŎƭǳŘŜǎ м w9{ ŦǳƴŎǘƛƻƴ ōƭƻŎƪ 

ŎƻƴŦƻǊƳƛƴƎ ǘƻ CC ǎǇŜŎƛŦƛŎŀǘƛƻƴΣ с !L ŦǳƴŎǘƛƻƴ ōƭƻŎƪǎΣ н !h ŦǳƴŎǘƛƻƴ ōƭƻŎƪǎΣ п 5L ŦǳƴŎǘƛƻƴ ōƭƻŎƪǎΣ п 5h ŦǳƴŎǘƛƻƴ ōƭƻŎƪǎΣ 

н tL5 ŦǳƴŎǘƛƻƴ ōƭƻŎƪǎ ŀƴŘ м aƻŘōǳǎ ǘǊŀƴǎŘǳŎŜǊ ōƭƻŎƪ όaƻŘōǳǎψ¢.ύΦ ¢ƘŜ !LΣ !hΣ 5L ŀƴŘ 5h ŦǳƴŎǘƛƻƴ ōƭƻŎƪǎ ǎǳǇǇƻǊǘ 

у ŎƘŀƴƴŜƭǎ ό/I!bb9[ύ ǊŜǎǇŜŎǘƛǾŜƭȅΣ ŀƴŘ ŜŀŎƘ /I!bb9[ Ŏŀƴ ŎƻǊǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ŀƴŀƭƻƎκŘƛǎŎǊŜǘŜ ƛƴǇǳǘκƻǳǘǇǳǘ 

ǇŀǊŀƳŜǘŜǊǎ ƻŦ ǘƘŜ aƻŘōǳǎ ǘǊŀƴǎŦƻǊƳ ōƭƻŎƪΦ 

CǳƴŎǘƛƻƴ ōƭƻŎƪ ƴŀƳŜ CǳƴŎǘƛƻƴ ōƭƻŎƪ ŘŜǎŎǊƛǇǘƛƻƴ 

wŜǎƻǳǊŎŜ όw9{ύ wŜǎƻǳǊŎŜ ōƭƻŎƪΣ ǳǎŜŘ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ŦƛŜƭŘ ŜǉǳƛǇƳŜƴǘΣ ǎǳŎƘ ŀǎ 

ŜǉǳƛǇƳŜƴǘ ƴŀƳŜΣ ƳŀƴǳŦŀŎǘǳǊŜǊΣ ŀƴŘ ǎŜǊƛŀƭ ƴǳƳōŜǊΦ ¢ƘŜ ǊŜǎƻǳǊŎŜ ōƭƻŎƪ Ƙŀǎ ƴƻ ƛƴǇǳǘ 

ƻǊ ƻǳǘǇǳǘ ǇŀǊŀƳŜǘŜǊǎΦ ! ŘŜǾƛŎŜ ǳǎǳŀƭƭȅ Ƙŀǎ ƻƴƭȅ ƻƴŜ ǊŜǎƻǳǊŎŜ ōƭƻŎƪΦ 

aƻŘōǳǎψ¢.όa¢.ύ aƻŘōǳǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǇŀǊŀƳŜǘŜǊǎ Ŏŀƴ ōŜ ŎƻƴŦƛƎǳǊŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ǘǊŀƴǎŘǳŎŜǊ ōƭƻŎƪΣ 

ǎǳŎƘ ŀǎ ōŀǳŘ ǊŀǘŜΣ ǎǘƻǇ ōƛǘΣ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǘƛƳŜƻǳǘΣ ŀƴŘ aƻŘōǳǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ 

ŎƻƴŦƛƎǳǊŀǘƛƻƴ ǇŀǊŀƳŜǘŜǊǎΦ 

!ƴŀƭƻƎ LƴǇǳǘ ό!Lύ ¢ƘŜ ŀƴŀƭƻƎ ƛƴǇǳǘ ŦǳƴŎǘƛƻƴ ōƭƻŎƪ ƛǎ ǳǎŜŘ ǘƻ ƻōǘŀƛƴ ǘƘŜ ƛƴǇǳǘ Řŀǘŀ ƻŦ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴ ōƭƻŎƪ 

ŀƴŘ Ŏŀƴ ōŜ ǘǊŀƴǎƳƛǘǘŜŘ ǘƻ ƻǘƘŜǊ ŦǳƴŎǘƛƻƴ ōƭƻŎƪǎΦ Lǘ Ƙŀǎ ǊŀƴƎŜ ŎƻƴǾŜǊǎƛƻƴΣ ŦƛƭǘŜǊƛƴƎΣ 

ǎǉǳŀǊŜ ŜȄǘǊŀŎǘƛƻƴ ŀƴŘ ƻǘƘŜǊ ŦǳƴŎǘƛƻƴǎΦ 

!ƴŀƭƻƎ hǳǘǇǳǘ ό!hύ ¢ƘŜ ŀƴŀƭƻƎ ƻǳǘǇǳǘ ŦǳƴŎǘƛƻƴ ōƭƻŎƪ ƛǎ ǳǎŜŘ ǘƻ ǘǊŀƴǎŦŜǊ ǘƘŜ ƻǳǘǇǳǘ Řŀǘŀ ǘƻ ǘƘŜ ǘǊŀƴǎŦƻǊƳ 

ōƭƻŎƪ ŀƴŘ ŀŎǘ ƻƴ ǘƘŜ ǇƘȅǎƛŎŀƭ ŘŜǾƛŎŜΦ 

5ƛǎŎǊŜǘŜ LƴǇǳǘ ό5Lύ 5ƛǎŎǊŜǘŜ ǉǳŀƴǘƛǘȅ ƛƴǇǳǘ ŦǳƴŎǘƛƻƴ ōƭƻŎƪ ǘƻ ƻōǘŀƛƴ ƛƴǇǳǘ Řŀǘŀ ƻŦ ǘǊŀƴǎŦƻǊƳ ōƭƻŎƪ ŀƴŘ 

ǘǊŀƴǎƳƛǘ ƛǘ ǘƻ ƻǘƘŜǊ ŦǳƴŎǘƛƻƴ ōƭƻŎƪǎΦ 

5ƛǎŎǊŜǘŜ hǳǘǇǳǘ ό5hύ ¢ƘŜ ŘƛǎŎǊŜǘŜ ƻǳǘǇǳǘ ŦǳƴŎǘƛƻƴ ōƭƻŎƪ ǘǊŀƴǎŦŜǊǎ ǘƘŜ ŘƛǎŎǊŜǘŜ ƻǳǘǇǳǘ Řŀǘŀ ǘƻ ǘƘŜ ǘǊŀƴǎŦƻǊƳ 

ōƭƻŎƪ ŀƴŘ ŀŎǘǎ ƻƴ ǘƘŜ ǇƘȅǎƛŎŀƭ ŘŜǾƛŎŜΦ 

tǊƻǇƻǊǘƛƻƴŀƭ LƴǘŜƎǊŀƭ 

5ŜǊƛǾŀǘƛǾŜ̂tL5̃ 

¢ƘŜ ǇǊƻǇƻǊǘƛƻƴŀƭΣ ƛƴǘŜƎǊŀƭ ŀƴŘ ŘƛŦŦŜǊŜƴǘƛŀƭ ŦǳƴŎǘƛƻƴ ōƭƻŎƪ ƛǎ ŀ Ǉƻǎƛǘƛƻƴŀƭ ŀǳǘƻƳŀǘƛŎ 

ŎƻƴǘǊƻƭ ƳƻŘǳƭŜΣ ǿƘƛŎƘ Ŏŀƴ ǎŎŀƭŜ ǳǇ ƻǊ Řƻǿƴ ǘƘŜ ŘŜǾƛŀǘƛƻƴΣ ŀŎŎǳƳǳƭŀǘŜ ŀƴŘ ǎǳƳΦ Lǘ 

ƛƴŎƭǳŘŜǎ ŀ ǾŀǊƛŜǘȅ ƻŦ ŦǳƴŎǘƛƻƴǎΣ ǎǳŎƘ ŀǎ ǎŜǘǇƻƛƴǘ ŀŘƧǳǎǘƳŜƴǘΣ ǇǊƻŎŜǎǎ ǇŀǊŀƳŜǘŜǊ όt±ύ 

ŦƛƭǘŜǊƛƴƎ ŀƴŘ ŀƭŀǊƳΣ ŦŜŜŘŦƻǊǿŀǊŘΣ ƻǳǘǇǳǘ ǘǊŀŎƪƛƴƎ ŀƴŘ ƻǘƘŜǊ ŦǳƴŎǘƛƻƴǎΦ 

 

4.3 aƻŘōǳǎ ¢ǊŀƴǎŘǳŎŜǊ .ƭƻŎƪ tŀǊŀƳŜǘŜǊ 5ŜǎŎǊƛǇǘƛƻƴ 

¦ǎŜ ǘƘŜ bLπ/ƻƴŦƛƎǳǊŀǘƻǊ ǎƻŦǘǿŀǊŜ ŀǎ ŀƴ ŜȄŀƳǇƭŜ ǘƻ ƛƭƭǳǎǘǊŀǘŜ Ƙƻǿ ǘƻ ŎƻƴŦƛƎǳǊŜ ǘƘŜ aƻŘōǳǎ ǘǊŀƴǎŘǳŎŜǊ ōƭƻŎƪΦ !ǎ 

ǎƘƻǿƴ ƛƴ ǘƘŜ ŦƛƎǳǊŜ ōŜƭƻǿΣ ǘǊŀƴǎŘǳŎŜǊ ōƭƻŎƪ ǇǊƻǾƛŘŜǎ у ŀƴŀƭƻƎ ƛƴǇǳǘǎκƻǳǘǇǳǘǎ ŀƴŘ у ŘƛƎƛǘŀƭ ƛƴǇǳǘǎκƻǳǘǇǳǘǎΦ ¢ƘŜǎŜ 

ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ ǇǊƻŎŜǎǎ ŘŀǘŀΦ ¦ǎŜǊǎ Ŏŀƴ ŎƘƻƻǎŜ ǘƻ ŎƻƴŦƛƎǳǊŜ ǘƘŜƳΣ ōǳǘ ŀǘ ƭŜŀǎǘ м ŀƴŀƭƻƎ ƛƴǇǳǘ ƻǊ м ŘƛƎƛǘŀƭ ƛƴǇǳǘ 

ǎƘƻǳƭŘ ōŜ ŎƻƴŦƛƎǳǊŜŘΦ CƭƻŀǘƛƴƎ Ǉƻƛƴǘ ƴǳƳōŜǊǎ ŀǊŜ ŀƭǎƻ ǇǊƻǾƛŘŜŘΣ ƛƴŎƭǳŘƛƴƎ мл ǳƴǎƛƎƴŜŘ онπōƛǘΣ мсπōƛǘ ŀƴŘ уπōƛǘ 

ƴǳƳōŜǊǎ ŀƴŘ н ǎǘǊƛƴƎ ǇŀǊŀƳŜǘŜǊǎ ƻŦ онπōƛǘΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ǳǎŜŘ ŀǎ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ǇŀǊŀƳŜǘŜǊǎΦ ¢ƘŜǎŜ ǇŀǊŀƳŜǘŜǊǎ ƴŜŜŘ 

ǘƻ ōŜ ŎƻƴŦƛƎǳǊŜŘ ōȅ aƻŘōǳǎ ǳƴƛǾŜǊǎŀƭ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ǘƻƻƭΦ ¢ƘŜȅ Ŏŀƴ ƴƻǘ ōŜ ŎƻƴŦƛƎǳǊŜŘ ƛƴ CC ŎƻƴŦƛƎǳǊŀǘƛƻƴ ǎƻŦǘǿŀǊŜ 
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ŀƴŘ Ŏŀƴ ƻƴƭȅ ōŜ ǊŜŀŘ ŀƴŘ ǿǊƛǘǘŜƴΦ 

 
CƛƎǳǊŜ пΦо aƻŘōǳǎ ǘǊŀƴǎŘǳŎŜǊ ōƭƻŎƪ 

4.3.1 .!5ψ{¢!¢¦{ tŀǊŀƳŜǘŜǊ 5ŜǎŎǊƛǇǘƛƻƴ 

LŦ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ŦŀƛƭǎΣ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ōƛǘ ƛǎ ǎŜǘ ǘƻ мΣ ƻǘƘŜǊǿƛǎŜ ƛǘ ƛǎ лΦ 

.ƛǘ tŀǊŀƳŜǘŜǊ 
ŘŜǎŎǊƛǇǘƛƻƴ 

.ƛǘ tŀǊŀƳŜǘŜǊ ŘŜǎŎǊƛǇǘƛƻƴ .ƛǘ tŀǊŀƳŜǘŜǊ 
ŘŜǎŎǊƛǇǘƛƻƴ 

.ƛǘ tŀǊŀƳŜǘŜǊ ŘŜǎŎǊƛǇǘƛƻƴ 

л ah5ψLbм у ah5ψh¦¢м мс ah5ψLbψ5м нп ah5ψh¦¢ψ5 м 

м ah5ψLbн ф ah5ψ h¦¢ н мт ah5ψLbψ5 н нр ah5ψ h¦¢ψ5 н 

н ah5ψLbо мл ah5ψ h¦¢ о му ah5ψLbψ5 о нс ah5ψ h¦¢ψ5 о 

о ah5ψLbп мм ah5ψ h¦¢ п мф ah5ψLbψ5 п нт ah5ψ h¦¢ψ5 п 

п ah5ψLbр мн ah5ψ h¦¢ р нл ah5ψLbψ5 р ну ah5ψ h¦¢ψ5 р 

р ah5ψLbс мо ah5ψ h¦¢ с нм ah5ψLbψ5 с нф ah5ψ h¦¢ψ5 с 

с ah5ψLbт мп ah5ψ h¦¢ т нн ah5ψLbψ5 т ол ah5ψ h¦¢ψ5 т 

т ah5ψLbу мр ah5ψ h¦¢ у но ah5ψLbψ5 у ом ah5ψ h¦¢ψ5 у 

 

4.3.2 9wwψ[hhYψw9{¦[¢ tŀǊŀƳŜǘŜǊ 5ŜǎŎǊƛǇǘƛƻƴ 

¢ƘŜ 9wwψ[hhYψw9{¦[¢ ǇŀǊŀƳŜǘŜǊ ǇǊƻǾƛŘŜǎ ǘƘŜ ƛƴǇǳǘ ŀƴŘ ƻǳǘǇǳǘ ǇŀǊŀƳŜǘŜǊ ƴŜƎŀǘƛǾŜ ǊŜǎǇƻƴǎŜ Řŀǘŀ ǉǳŜǊȅ ŦǳƴŎǘƛƻƴΣ 

ǘƘŜ ǳǎŜǊ Ŏŀƴ ǉǳŜǊȅ ǘƘŜ ǊŜǎǇƻƴǎŜ ǾŀƭǳŜ ƻŦ ŜŀŎƘ ƛƴǇǳǘ ŀƴŘ ƻǳǘǇǳǘ ŘŀǘŀΣ ǊŜŀŘ ǘƘŜ 9wwψ[hhYψw9{¦[¢ ǇŀǊŀƳŜǘŜǊ ǘƻ ƎŜǘ 

ǘƘŜ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǊŜǎǇƻƴǎŜ Řŀǘŀ ƻŦ ǘƘŜ ǇŀǊŀƳŜǘŜǊ όǘƘŜ ǉǳŜǊȅ ǇŀǊŀƳŜǘŜǊ ǎŜǘǘƛƴƎ ƴŜŜŘǎ ǘƻ ǳǎŜ ǘƘŜ aƻŘōǳǎ ƎŜƴŜǊŀƭ 

ŎƻƴŦƛƎǳǊŀǘƛƻƴ ǘƻƻƭύ Φ 9wwψ[hhYψw9{¦[¢Σ л ƳŜŀƴǎ ƴƻ ŜǊǊƻǊΣ лȄлм ς лȄл. ƛǎ ǘƘŜ ƴŜƎŀǘƛǾŜ ǊŜǎǇƻƴǎŜ Řŀǘŀ ƻŦ ǘƘŜ aƻŘōǳǎ 

ǎǘŀƴŘŀǊŘΣ лȄCC ƳŜŀƴǎ ǘƘŜ ƳŀǎǘŜǊπǎƭŀǾŜ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ŦŀƛƭŜŘΦ 

±ŀƭǳŜ tŀǊŀƳŜǘŜǊ ŘŜǎŎǊƛǇǘƛƻƴ ±ŀƭǳŜ tŀǊŀƳŜǘŜǊ ŘŜǎŎǊƛǇǘƛƻƴ 

лȄлл hY лȄлс {ƭŀǾŜ 5ŜǾƛŎŜ .ǳǎȅ 

лȄлм LƭƭŜƎŀƭ CǳƴŎǘƛƻƴ лȄлу aŜƳƻǊȅ tŀǊƛǘȅ 9ǊǊƻǊ 

лȄлн LƭƭŜƎŀƭ 5ŀǘŀ !ŘŘǊŜǎǎ лȄл! DŀǘŜǿŀȅ tŀǘƘ ¦ƴŀǾŀƛƭŀōƭŜ 

лȄло LƭƭŜƎŀƭ 5ŀǘŀ ±ŀƭǳŜ лȄл. DŀǘŜǿŀȅ ¢ŀǊƎŜǘ 5ŜǾƛŎŜ CŀƛƭŜŘ ¢ƻ wŜǎǇƻƴǎŜ 

лȄлп {ƭŀǾŜ 5ŜǾƛŎŜ CŀƛƭǳǊŜ лȄC9 CǳƴŎǘƛƻƴ /ƻŘŜ aƛǎƳŀǘŎƘ 

лȄлр !ŎƪƴƻǿƭŜŘƎŜ лȄCC /ƻƳƳƳǳƴƛŎŀǘƛƻƴ CŀƛƭǳǊŜ 
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4.4 aƻŘōǳǎ /ƻƳƳǳƴƛŎŀǘƛƻƴ tŀǊŀƳŜǘŜǊ {ŜǘǘƛƴƎ 

¢ƘŜ aƻŘōǳǎ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǇŀǊŀƳŜǘŜǊǎ ƻŦ a/ломо aƻŘōǳǎ ǘƻ CC ŜƳōŜŘŘŜŘ ŎƻǊŜ ƳƻŘǳƭŜ ƴŜŜŘ ǘƻ ōŜ ǎŜǘ ǘƘǊƻǳƎƘ 

ǘƘŜ ǎǇŜŎƛŀƭ aƻŘōǳǎ ƎŜƴŜǊŀƭ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ǘƻƻƭ ǎƻŦǘǿŀǊŜΦ ¢ƘŜ ǇŀǊŀƳŜǘŜǊǎ ŀǊŜ ŘƛǾƛŘŜŘ ƛƴǘƻ мл ǇŀǊǘǎΥ ŎƻƳƳƻƴ 

ǇŀǊŀƳŜǘŜǊǎΣ ŀƴŀƭƻƎ ƛƴǇǳǘ ǇŀǊŀƳŜǘŜǊǎΣ ŀƴŀƭƻƎ ƻǳǘǇǳǘ ǇŀǊŀƳŜǘŜǊǎΣ ŘƛƎƛǘŀƭ ƛƴǇǳǘ ǇŀǊŀƳŜǘŜǊǎΣ ŘƛƎƛǘŀƭ ƻǳǘǇǳǘ 

ǇŀǊŀƳŜǘŜǊǎΣ ŦƭƻŀǘƛƴƎ Ǉƻƛƴǘ Řŀǘŀ ǇŀǊŀƳŜǘŜǊǎΣ ¦{LDbон Řŀǘŀ ǇŀǊŀƳŜǘŜǊǎΣ ¦{LDbмс Řŀǘŀ ǇŀǊŀƳŜǘŜǊǎΣ ¦{LDbу Řŀǘŀ 

ǇŀǊŀƳŜǘŜǊǎΣ hŎǘŜǘ Řŀǘŀ ǇŀǊŀƳŜǘŜǊǎΣ ŜǘŎΦ ¦ǎŜǊǎ Ŏŀƴ ŦƭŜȄƛōƭȅ ŎƻƴŦƛƎǳǊŜ ǾŀǊƛƻǳǎ ƛƴŦƻǊƳŀǘƛƻƴ ƻŦ ǘƘŜ aƻŘōǳǎ ǎƭŀǾŜ 

ŘŜǾƛŎŜǎ ǘƻ ōŜ ŀŎŎŜǎǎŜŘΦ 

¢ƘŜ ŎƻƴŦƛƎǳǊŀōƭŜ ŎƻƳƳƻƴ ǇŀǊŀƳŜǘŜǊǎ ƻŦ ǘƘŜ aƻŘōǳǎ ƎŜƴŜǊŀƭ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ǘƻƻƭ ǎƻŦǘǿŀǊŜ ŀǊŜ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ пΦп 

ōŜƭƻǿΣ ŀƴŘ ǘƘŜ ǎǇŜŎƛŦƛŎ ŎƻƴŦƛƎǳǊŀōƭŜ Řŀǘŀ ŀǊŜ ǎƘƻǿƴ ƛƴ !ǇǇŜƴŘƛȄ оΦ 

 

CƛƎǳǊŜ пΦп aƻŘōǳǎ ƎŜƴŜǊŀƭ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ǘƻƻƭ 

5ŀǘŀ ƻǘƘŜǊ ǘƘŀƴ ǇǳōƭƛŎ ǇŀǊŀƳŜǘŜǊǎ Ŏŀƴ ōŜ ŎƻƴŦƛƎǳǊŜŘ ǿƛǘƘ Řŀǘŀ ǊŜŀŘκǿǊƛǘŜ ƳŜǘƘƻŘǎΣ Řŀǘŀ ŦƻǊƳŀǘǎΣ ǊŜƎƛǎǘŜǊ 

ŀŘŘǊŜǎǎŜǎ ŀƴŘ ŦǳƴŎǘƛƻƴ ŎƻŘŜǎΦ ¦ǎŜǊǎ Ŏŀƴ ŦƭŜȄƛōƭȅ ŎƻƴŦƛƎǳǊŜ ǘƘŜƳ ŀǎ ƴŜŜŘŜŘΦ {ƛƴŎŜ ŘƛŦŦŜǊŜƴǘ ǇŀǊŀƳŜǘŜǊ ǘȅǇŜǎ ǎǳǇǇƻǊǘ 

ŘƛŦŦŜǊŜƴǘ aƻŘōǳǎ ŦǳƴŎǘƛƻƴ ŎƻŘŜǎΣ ŎƻǊǊŜǎǇƻƴŘƛƴƎ Řŀǘŀ ŦƻǊƳŀǘǎ ƴŜŜŘ ǘƻ ōŜ ǎŜƭŜŎǘŜŘ ŀŦǘŜǊ ǘƘŜ ŦǳƴŎǘƛƻƴ ŎƻŘŜǎ ŀǊŜ 

ǎŜƭŜŎǘŜŘΦ bƻƴ ƻǇǘƛƻƴŀƭ Řŀǘŀ ŦƻǊƳŀǘǎ ŀǊŜ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ƎǊŀȅŜŘ ƻǳǘ ōȅ ǘƘŜ ǎƻŦǘǿŀǊŜΣ ŀƴŘ ǳǎŜǊǎ ŀǊŜ ƴƻǘ ŀƭƭƻǿŜŘ ǘƻ 

ǎŜƭŜŎǘ ǘƘŜƳΦ !ǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ пΦр ōŜƭƻǿΥ 
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CƛƎǳǊŜ пΦр tŀǊŀƳŜǘŜǊ ŎƻƴŦƛƎǳǊŀǘƛƻƴ 

!ŦǘŜǊ ǘƘŜ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ƛǎ ŎƻƳǇƭŜǘŜŘΣ ȅƻǳ Ŏŀƴ ŎƘƻƻǎŜ ǘƻ ŘƻǿƴƭƻŀŘ ǘƘŜ ǇŀǊŀƳŜǘŜǊǎ ǎŜǇŀǊŀǘŜƭȅ ƛƴ ǘƘŜ Řŀǘŀ 

ƛƴǘŜǊŦŀŎŜΣ ƻǊ ŎƭƛŎƪ ǘƘŜ ŘƻǿƴƭƻŀŘ ƛŎƻƴ ǘƻ ŘƻǿƴƭƻŀŘ ǳƴƛŦƻǊƳƭȅΦ 

bƻǘŜΥ ¢Ƙƛǎ Ƴŀƴǳŀƭ ŘƻŜǎ ƴƻǘ ƛƴǘǊƻŘǳŎŜ ǘƘŜ ǳǎŜ ƳŜǘƘƻŘ ƻŦ ǘƘŜ aƻŘōǳǎ ƎŜƴŜǊŀƭ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ǘƻƻƭ ǎƻŦǘǿŀǊŜ ƛƴ ŘŜǘŀƛƭΦ 

tƭŜŀǎŜ ǊŜŦŜǊ ǘƻ ǘƘŜ ǎƻŦǘǿŀǊŜ ƘŜƭǇ ŘƻŎǳƳŜƴǘ ŦƻǊ ǘƘŜ ŘŜǘŀƛƭŜŘ ǳǎŜ ƳŜǘƘƻŘΤ Lƴ ǘƘŜ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ƳƻŘŜΣ ǘƘŜ ŜƳōŜŘŘŜŘ 

ŎƻǊŜ ƳƻŘǳƭŜ ƴŜŜŘǎ ǘƻ ōŜ ƛƴǎŜǊǘŜŘ ƛƴǘƻ ǘƘŜ ōŀŎƪǇƭŀƴŜΦ {Ŝǘ ǘƘŜ Řƛŀƭ ǎǿƛǘŎƘ ƻŦ ǘƘŜ ōŀŎƪǇƭŀƴŜ ǘƻ ǘƘŜ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ƳƻŘŜΦ 

4.5 aƻŘōǳǎ {ƭŀǾŜ /ƻƴŦƛƎǳǊŀǘƛƻƴ 9ȄŀƳǇƭŜ 

¢ƘŜ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǇŀǊŀƳŜǘŜǊǎ ƻŦ ǘƘŜ ǳǎŜǊΨǎ aƻŘōǳǎ ǎƭŀǾŜ ŀǊŜ ŀǎ ŦƻƭƭƻǿǎΥ 

NO. Parameter Value 

1 Baud Rate 9600 bps 

2 Data Bits 8 

3 Parity Even check 

4 Physical Standard TTL 

5 Stop Bits 1 

6 Address 1 

7 CRC Normal 

8 Timeout 300ms 

9 Number of Retry 3 

 

¢ƘŜ ǳǎŜǊϥǎ aƻŘōǳǎ ǎƭŀǾŜ ǎǳǇǇƻǊǘǎ ŦǳƴŎǘƛƻƴ ŎƻŘŜ ло όǊŜŀŘ ƘƻƭŘƛƴƎ ǊŜƎƛǎǘŜǊύ ŀƴŘ ŦǳƴŎǘƛƻƴ ŎƻŘŜ мс όǿǊƛǘŜ ƳǳƭǘƛǇƭŜ 

ǊŜƎƛǎǘŜǊǎύΦ ¢ƘŜ ǊŜƎƛǎǘŜǊ ŀƭƭƻŎŀǘƛƻƴ ƻŦ ŘŜǾƛŎŜ ǇŀǊŀƳŜǘŜǊǎ ƛǎ ŀǎ ŦƻƭƭƻǿǎΥ 

Register address (decimal) Data format Register definition 

4112  Float Inverse CƭƻŀǘƛƴƎ Ǉƻƛƴǘ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ƛƴǎǘŀƴǘŀƴŜƻǳǎ Ŧƭƻǿ 

4114  Float Inverse CƭƻŀǘƛƴƎ Ǉƻƛƴǘ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ƛƴǎǘŀƴǘŀƴŜƻǳǎ ǾŜƭƻŎƛǘȅ 
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4116  Float Inverse CƭƻŀǘƛƴƎ Ǉƻƛƴǘ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ Ŧƭƻǿ ǇŜǊŎŜƴǘŀƎŜ όōŀǘǘŜǊȅ 
ǇƻǿŜǊŜŘ ƳŜǘŜǊ ǊŜǎŜǊǾŜŘύ 

4118  Float Inverse CƭƻŀǘƛƴƎ Ǉƻƛƴǘ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ŦƭǳƛŘ ŎƻƴŘǳŎǘƛǾƛǘȅ Ǌŀǘƛƻ 

4120  Long Inverse LƴǘŜƎŜǊ ǇŀǊǘ ƻŦ ŦƻǊǿŀǊŘ ŎǳƳǳƭŀǘƛǾŜ ǾŀƭǳŜ 

4122  Float Inverse CǊŀŎǘƛƻƴŀƭ ǇŀǊǘ ƻŦ ǇƻǎƛǘƛǾŜ ŎǳƳǳƭŀǘƛǾŜ ǾŀƭǳŜ 

4124  Long Inverse LƴǾŜǊǎŜ ŎǳƳǳƭŀǘƛǾŜ ƛƴǘŜƎŜǊ ǇŀǊǘ 

4126  Float Inverse wŜǾŜǊǎŜ /ǳƳǳƭŀǘƛǾŜ bǳƳŜǊƛŎ CǊŀŎǘƛƻƴŀƭ tŀǊǘ 

4128  Unsigned short LƴǎǘŀƴǘŀƴŜƻǳǎ Ŧƭƻǿ ǳƴƛǘ 

4129  Unsigned short /ǳƳǳƭŀǘƛǾŜ ǘƻǘŀƭ ǳƴƛǘ 

 

{ǘŜǇ м 

/ƘŜŎƪ ǿƘŜǘƘŜǊ ǘƘŜ уǘƘ a ƻŦ ǘƘŜ ōŀŎƪǇƭŀƴŜ Řƛŀƭ ǎǿƛǘŎƘ ƛǎ hbΦ LŦ ƴƻǘΣ ǎǿƛǘŎƘ ǘƻ hb ǎǘŀǘǳǎΤ 

{ǘŜǇ н 

hǇŜƴ ǘƘŜ aƻŘōǳǎ ƎŜƴŜǊŀƭ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ǘƻƻƭ ǎƻŦǘǿŀǊŜΣ ŜǎǘŀōƭƛǎƘ ǘƘŜ ǎŜǊƛŀƭ ǇƻǊǘΣ ŀƴŘ ǎŎŀƴ ǘƘŜ ŜǉǳƛǇƳŜƴǘ ƻƴƭƛƴŜΣ ŀǎ 

ǎƘƻǿƴ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƛƎǳǊŜΥ 

 

CƛƎǳǊŜ пΦс {ŎŀƴƴƛƴƎ ŜǉǳƛǇƳŜƴǘ 

{ǘŜǇ о 

{Ŝǘ ŜŀŎƘ ǇŀǊŀƳŜǘŜǊ ƛƴ ǘƘŜ ŎƻƳƳƻƴ ǇŀǊŀƳŜǘŜǊ ǘŀōƭŜ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǳǎŜǊϥǎ aƻŘōǳǎ ǎƭŀǾŜ ŎƻƳƳǳƴƛŎŀǘƛƻƴ 

ǇŀǊŀƳŜǘŜǊǎΣ ŀǎ ǎƘƻǿƴ ƛƴ ǘƘŜ ŦƛƎǳǊŜ ōŜƭƻǿ 
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CƛƎǳǊŜ пΦт /ƻƳƳǳƴƛŎŀǘƛƻƴ ǇŀǊŀƳŜǘŜǊ ŎƻƴŦƛƎǳǊŀǘƛƻƴ 

{ǘŜǇ п 

aƻŘƛŦȅ ǘƘŜ ŎƻƳƳƻƴ ǇŀǊŀƳŜǘŜǊǎ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ǳǎŜǊ ŜǉǳƛǇƳŜƴǘ ǇŀǊŀƳŜǘŜǊ ƭƛǎǘΦ ¢ƘŜ ƴǳƳōŜǊ ƻŦ ŀƴŀƭƻƎ ƛƴǇǳǘ Řŀǘŀ 

ƛǎ уΣ ǘƘŜ ƴǳƳōŜǊ ƻŦ ¦{LDbмс ǇŀǊŀƳŜǘŜǊǎ ƛǎ нΣ ŀƴŘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƻǘƘŜǊ ǇŀǊŀƳŜǘŜǊǎ ƛǎ лΣ ŀǎ ǎƘƻǿƴ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 

ŦƛƎǳǊŜΥ 

 

CƛƎǳǊŜ пΦу /ƻƴŦƛƎǳǊŀǘƛƻƴ ƻŦ ƻǘƘŜǊ ŎƻƳƳƻƴ ǇŀǊŀƳŜǘŜǊǎ 
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{ǘŜǇ р 

hǇŜƴ ǘƘŜ ŀƴŀƭƻƎ ƛƴǇǳǘ ǇŀǊŀƳŜǘŜǊ ƻǇǘƛƻƴ ǇŀƎŜΣ ŦƛǊǎǘ ǎŜƭŜŎǘ ǘƘŜ ŦǳƴŎǘƛƻƴ ŎƻŘŜ ǳǎŜŘΣ ǘƘŜƴ ǎŜƭŜŎǘ ǘƘŜ Řŀǘŀ ǘȅǇŜ ƻŦ 

ŀƴŀƭƻƎ ƛƴǇǳǘ ŘŀǘŀΣ ŀƴŘ Ŧƛƴŀƭƭȅ ŜƴǘŜǊ ǘƘŜ ǊŜƎƛǎǘŜǊ ŀŘŘǊŜǎǎΣ ŀǎ ǎƘƻǿƴ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƛƎǳǊŜΥ 

 

CƛƎǳǊŜ пΦф !ƴŀƭƻƎ ƛƴǇǳǘ ǇŀǊŀƳŜǘŜǊ ŎƻƴŦƛƎǳǊŀǘƛƻƴ 

bƻǘŜΥ ¢ƘŜ ǊŜƎƛǎǘŜǊ ŀŘŘǊŜǎǎ ƻŦ ǘƘŜ Řŀǘŀ ƛǎ ǘƘŜ ŀŎǘǳŀƭ ŀŘŘǊŜǎǎΦ LŦ ǘƘŜ ǊŜƎƛǎǘŜǊ ŀŘŘǊŜǎǎ ƻŦ ǘƘŜ aƻŘōǳǎ ǎƭŀǾŜ ŘŜǾƛŎŜ ƎƛǾŜƴ 

ōȅ ǘƘŜ ŎǳǎǘƻƳŜǊ ƛǎ ǘƘŜ ŀŘŘǊŜǎǎ ŀŘŘǊŜǎǎΣ ȅƻǳ ƴŜŜŘ ǘƻ ǎǳōǘǊŀŎǘ м ǘƻ ƎŜǘ ǘƘŜ ŀŎǘǳŀƭ ŀŘŘǊŜǎǎΦ 

{ǘŜǇ с 

hƴ ǘƘŜ ¦{LDbмс Řŀǘŀ ǇŀǊŀƳŜǘŜǊ ƻǇǘƛƻƴ ǇŀƎŜΣ ŦƛǊǎǘ ǎŜƭŜŎǘ ǘƘŜ ǊŜŀŘƛƴƎκǿǊƛǘƛƴƎ ƳƻŘŜ ƻŦ ǘƘŜ ¦{LDbмс ŘŀǘŀΣ ǘƘŜƴ ǎŜƭŜŎǘ 

ǘƘŜ Řŀǘŀ ǘȅǇŜ ŀƴŘ ŦǳƴŎǘƛƻƴ ŎƻŘŜ ǳǎŜŘΣ ŀƴŘ Ŧƛƴŀƭƭȅ ŜƴǘŜǊ ǘƘŜ ǊŜƎƛǎǘŜǊ ŀŘŘǊŜǎǎΣ ŀǎ ǎƘƻǿƴ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƛƎǳǊŜΥ 

 

CƛƎǳǊŜ пΦмл ¦{LDbмс Řŀǘŀ ǇŀǊŀƳŜǘŜǊ ŎƻƴŦƛƎǳǊŀǘƛƻƴ 

{ǘŜǇ т 

wŜǘǳǊƴ ǘƻ ǘƘŜ ǇǳōƭƛŎ ǇŀǊŀƳŜǘŜǊ ƻǇǘƛƻƴ ǇŀƎŜΣ ƳƻŘƛŦȅ ǘƘŜ Řŀǘŀ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ŦƭŀƎ ǘƻ Ϧ5ŀǘŀ ±ŀƭƛŘϦΣ ŎƭƛŎƪ ǘƘŜ Ϧ.ŀǘŎƘ 

5ƻǿƴƭƻŀŘϦ ōǳǘǘƻƴ ŀōƻǾŜΣ ŀƴŘ ǿǊƛǘŜ ǘƘŜ ŎƻƴŦƛƎǳǊŀǘƛƻƴ Řŀǘŀ ǘƻ ǘƘŜ ŘŜǾƛŎŜΣ ŀǎ ǎƘƻǿƴ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƛƎǳǊŜΥ 
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CƛƎǳǊŜ пΦмм 9ƴŀōƭŜ Řŀǘŀ ǾŀƭƛŘ ŀƴŘ ŘƻǿƴƭƻŀŘ ǇŀǊŀƳŜǘŜǊǎ 

{ǘŜǇ у 

{ǿƛǘŎƘ ǘƘŜ уǘƘ Ǉƻǎƛǘƛƻƴ ƻŦ ǘƘŜ ōƻǘǘƻƳ ǇƭŀǘŜ Řƛŀƭ ǎǿƛǘŎƘ {²м ǘƻ ǘƘŜ hCC ǎǘŀǘŜΣ ŎƻƴƴŜŎǘ ǘƘŜ ŘŜǾƛŎŜ ǘƻ ǘƘŜ CC ƴŜǘǿƻǊƪΣ 

ǳǎŜ ǘƘŜ bL ŎƻƴŦƛƎǳǊŀǘƛƻƴ ǎƻŦǘǿŀǊŜΣ ŀƴŘ ŎƘŜŎƪ ǘƘŜ ǘǊŀƴǎŘǳŎŜǊ ōƭƻŎƪ ǇŀǊŀƳŜǘŜǊǎΣ ŀǎ ǎƘƻǿƴ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƛƎǳǊŜΥ 
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CƛƎǳǊŜ пΦмн 5ŜǘŜŎǘ aƻŘōǳǎ ǎƭŀǾŜ Řŀǘŀ ǘƘǊƻǳƎƘ CC ǎǘŀǘǳǎ ǎƻŦǘǿŀǊŜ 

¢ƘǊƻǳƎƘ ǘƘŜ ŀōƻǾŜ ǎǘŜǇǎΣ ǘƘŜ CC ŘŜǾƛŎŜ Ŏŀƴ ōŜ ǳǎŜŘ ƴƻǊƳŀƭƭȅΦ ¢ƘŜ Řŀǘŀ ƻŦ ǘƘŜ aƻŘōǳǎ ǎƭŀǾŜ ŘŜǾƛŎŜ ƛǎ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ 

ǘƘŜ !LΣ !hΣ 5L ŀƴŘ 5h ŦǳƴŎǘƛƻƴ ōƭƻŎƪǎ ǘƘǊƻǳƎƘ ǘƘŜ ǘǊŀƴǎŘǳŎŜǊ ōƭƻŎƪ ǇŀǊŀƳŜǘŜǊΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ŎƻƴŦƛƎǳǊŜŘ ŀƴŘ ǳǎŜŘ 

ƛƴ ǘƘŜ CC ŎƻƴǘǊƻƭ ǎȅǎǘŜƳΦ 

LŦ ǘƘŜ ƳƻŘŜ ƻŦ ǘƘŜ ŦǳƴŎǘƛƻƴ ōƭƻŎƪ ŘƻŜǎ ƴƻǘ ŎƘŀƴƎŜ ǘƻ !ǳǘƻΣ ǘƘŜƴ ǘƘŜ Řŀǘŀ ǿƛƭƭ ƴƻǘ ōŜ ǳǇŘŀǘŜŘΦ Lƴ ǘƘƛǎ ŎŀǎŜΣ ǘƘŜ 

ǇǊƻŎŜǎǎƛƴƎ ƳŜǘƘƻŘ ŦƻǊ ƴƻǘ ŎƘŀƴƎƛƴƎ ǘƘŜ ǘǊŀƴǎ ŘǊƛǾŜǊ ōƭƻŎƪ ƳƻŘŜ ǘƻ !ǳǘƻ ƛƴ {ŜŎǘƛƻƴ пΦс ǎƘƻǳƭŘ ōŜ ŦƻƭƭƻǿŜŘΦ 

4.6 ¢ƘŜ ǊŜŀǎƻƴ ǿƘȅ ǘƘŜ ǘǊŀƴǎŘǳŎŜǊ ōƭƻŎƪ Ŏŀƴƴƻǘ ǎǿƛǘŎƘ ǘƻ !ǳǘƻ ǎǘŀǘǳǎ 

¢ƘŜǊŜ ŀǊŜ Ƴŀƴȅ ǊŜŀǎƻƴǎ ǿƘȅ ŀ ǘǊŀƴǎŘǳŎŜǊ ōƭƻŎƪ Ŏŀƴƴƻǘ ǎǿƛǘŎƘ ǘƻ ŀƴ !ǳǘƻ ǎǘŀǘŜΣ ǘƘŜ .[h/YψƻŦ ŀ ǘǊŀƴǎŘǳŎŜǊ ōƭƻŎƪ 

9wwΣ ·5ψ 9wwhwΣ .!5ψ {¢!¢¦{ ŀƴŘ 9wwψ [hhYψ ¢ƘŜ w9{¦[¢ ǇŀǊŀƳŜǘŜǊ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘŀǘ ǘƘŜ ǇǊƻōƭŜƳ 

ƛǎΦ 

¢ƘŜǊŜ ŀǊŜ Ƴŀƴȅ ǊŜŀǎƻƴǎ ǿƘȅ ǘƘŜ ǘǊŀƴǎŘǳŎŜǊ ōƭƻŎƪ Ŏŀƴƴƻǘ ǎǿƛǘŎƘ ǘƻ ǘƘŜ !ǳǘƻ ǎǘŀǘŜΦ ¢ƘŜ .[h/Yψ9wwΣ ·5ψ9wwhwΣ 

.!5ψ{¢!¢¦{ ŀƴŘ 9wwψ[hhYψw9{¦[¢ ǇŀǊŀƳŜǘŜǊǎ ƻŦ ǘƘŜ ǘǊŀƴǎŘǳŎŜǊ ōƭƻŎƪ Ŏŀƴ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƪƛƴŘ ƻŦ ǇǊƻōƭŜƳΦ 

{ƛǘǳŀǘƛƻƴ м 

!ŦǘŜǊ ǘƘŜ ŘŜǾƛŎŜ ƛǎ ǇƻǿŜǊŜŘ ƻƴΣ ǘƘŜ ·5ψ9wwhw ǇŀǊŀƳŜǘŜǊ ǾŀƭǳŜ ƻŦ ǘƘŜ ŦǳƴŎǘƛƻƴ ōƭƻŎƪ ƛǎ Ϧ/ƻƴŦƛƎǳǊŀǘƛƻƴ ŜǊǊƻǊϦΣ ǘƘŜ 

9wwψ[hhYψw9{¦[¢ ǇŀǊŀƳŜǘŜǊ ǾŀƭǳŜ ƛǎ ϦhYϦΣ ŀƴŘ ǘƘŜ .!5ψ{¢!¢¦{ ǇŀǊŀƳŜǘŜǊ ǾŀƭǳŜ ƛǎ ϦлȄллллллллϦΦ !ǘ ǘƘƛǎ ǘƛƳŜΣ ƛǘ 

ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ŎƘŜŎƪ ǿƘŜǘƘŜǊ ǘƘŜ ŜƛƎƘǘƘ ōƛǘ ƻŦ ǘƘŜ ōƻǘǘƻƳ ǇƭŀǘŜ 5Lt ǎǿƛǘŎƘ {²м ƛǎ ƛƴ ǘƘŜ hCC ǎǘŀǘŜΦ LŦ ƴƻǘΣ ǇƭŜŀǎŜ 

ǎǿƛǘŎƘ ǘƻ hCC ǎǘŀǘŜ όƴƻǊƳŀƭ ǿƻǊƪƛƴƎ ƳƻŘŜύΦ 
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CƛƎǳǊŜ пΦмо ¢ǊŀƴǎŘǳŎŜǊ ōƭƻŎƪ hh{ ǎƛǘǳŀǘƛƻƴ м 

{ƛǘǳŀǘƛƻƴ н 

!ŦǘŜǊ ǘƘŜ ŘŜǾƛŎŜ ƛǎ ǇƻǿŜǊŜŘ ƻƴΣ ǘƘŜ ·5ψ9wwhw ǇŀǊŀƳŜǘŜǊ ǾŀƭǳŜ ƻŦ ǘƘŜ ŦǳƴŎǘƛƻƴ ōƭƻŎƪ ƛǎ Ϧ/ƻƴŦƛƎǳǊŀǘƛƻƴ ŜǊǊƻǊϦΣ ǘƘŜ 

9wwψ[hhYψw9{¦[¢ ǇŀǊŀƳŜǘŜǊ ǾŀƭǳŜ ƛǎ Ϧ/ƻƳƳ CŀƛƭǳǊŜϦΣ ŀƴŘ ǘƘŜ .!5ψ{¢!¢¦{ ǇŀǊŀƳŜǘŜǊ Ƙŀǎ ŀ ǾŀƭǳŜ ǎǳŎƘ ŀǎ 

Ϧah5ψLbмϦΣ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ŀ ǇǊƻōƭŜƳ ǿƛǘƘ ǘƘŜ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ƻŦ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǇŀǊŀƳŜǘŜǊǎΣ ŀƴŘ ǘƘŜ 

ŎƻƴŦƛƎǳǊŀǘƛƻƴ ƻŦ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǇŀǊŀƳŜǘŜǊǎ ƴŜŜŘǎ ǘƻ ōŜ ŎƘŜŎƪŜŘ ǘƘǊƻǳƎƘ ǘƘŜ aƻŘōǳǎ ¦ƴƛǾŜǊǎŀƭ /ƻƴŦƛƎǳǊŀǘƛƻƴ ¢ƻƻƭΦ 

 
CƛƎǳǊŜ пΦмп ¢ǊŀƴǎŘǳŎŜǊ ōƭƻŎƪ hh{ ǎƛǘǳŀǘƛƻƴ н 

{ƛǘǳŀǘƛƻƴ о 

!ŦǘŜǊ ǘƘŜ ŘŜǾƛŎŜ ƛǎ ǇƻǿŜǊŜŘ ƻƴΣ ǘƘŜ ·5ψ9wwhw ǇŀǊŀƳŜǘŜǊ ǾŀƭǳŜ ƻŦ ǘƘŜ ŦǳƴŎǘƛƻƴ ōƭƻŎƪ ƛǎ Ϧ/ƻƴŦƛƎǳǊŀǘƛƻƴ ŜǊǊƻǊϦΣ ǘƘŜ 

9wwψ[hhYψw9{¦[¢ ǇŀǊŀƳŜǘŜǊ ǾŀƭǳŜ ƛǎ ϦCǳƴŎǘƛƻƴ /ƻŘŜ aƛǎƳŀǘŎƘϦΣ ŀƴŘ ǘƘŜ .!5ψ{¢!¢¦{ ǇŀǊŀƳŜǘŜǊ Ƙŀǎ ŀ ǾŀƭǳŜ ǎǳŎƘ 

ŀǎ Ϧah5ψLbмϦΣ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ŀ ǇǊƻōƭŜƳ ǿƛǘƘ ǘƘŜ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ƻŦ ǘƘŜ ǇŀǊŀƳŜǘŜǊϥǎ ŦǳƴŎǘƛƻƴ ŎƻŘŜ ŀƴŘ ǘƘŜ 




















