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In the field of process control, the Industrial Internet of Things (IIoT) has become 
popular in recent years. Even in field devices, digital technology has brought about advanced 
functions such as higher accuracy of process values and autonomous reporting of self-
diagnosis results. However, these digital field devices require expertise during maintenance, 
and so replacement in case of device failure needs more time, which may significantly affect 
plant production. To mitigate this risk, Yokogawa has developed a communication module 
function that simplifies the manual recovery procedure when replacing devices. This paper 
describes its technical features and effects.

INTRODUCTION

There is a growing need for “smart manufacturing” 
among customers in the process industry. This approach 

aims to improve the throughput and safety of production by 
using digital technologies such as the Industrial Internet of 
Things (IIoT), which connects various devices to networks 
and achieves services and business models, and big data, 
which collects and uses huge amounts of data. Accordingly, 
Yokogawa has been advocating “FieldDigital,” an IIoT concept 
for process automation (1).

In 2001, Yokogawa released the ALF111 (2) FF communication 

module featuring advanced communication functions conforming 
to the IEC 61158 and IEC 61784 CPF1 (FOUNDATION TM Fieldbus 
(FF)) standards, as a tool to achieve “FieldDigital.”

The FF is a fully digital fieldbus for process control that 
meets the intrinsic safety requirements, and outperforms 
the conventional analog transmission in terms of accuracy, 
transmission rate, and transmission quantity of information.

The FF system handles various types of data to meet the 
diverse needs of customers amid the increasing digitization of 
manufacturing sites. Accordingly, there are problems arising 
from the expansion of system scales for function enhancement 
and the complexity of engineering for field devices that have 
been achieved by digital technologies (digital field devices).

By using the firmware of the ALF111, Yokogawa has 
solved the problem that occurs when replacing digital field 
devices conforming to the FF (FF devices), which is a problem 
inherent to FF systems. This paper describes the technical 
features and effects of ALF111.
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FEATURES OF FF SYSTEMS

Figure 1 shows the features of the conventional FF 
systems and analog transmission systems. Analog transmission 
is a one-on-one communication method using wiring to a 
process input/output terminal of a device. In contrast, the FF 
system uses the multidrop method in which multiple devices 
with unique addresses assigned can be connected to a wiring.

FF devices have more advanced functions than analog 
f ield devices, and can handle multiple process inputs/
outputs by a single unit and issue alarms autonomously when 
abnormalities are detected in self-diagnoses.

Figure 1  System features of different  
communication standards

PROBLEMS IN COMPLICATED SYSTEMS

Although the FF systems are highly functional, it is 
difficult for field operators alone to replace the FF devices 
and they need the support of system engineers, due to the 
following reasons.

 � Diverse setting parameters
To start input/output operation of an analog device, a 
field operator only needs to set parameters to the device 
according to its application and to connect the device to the 
system. In contrast, highly functional FF devices require 
more parameters, beside those equivalent to settings for 
analog field devices, to be set using multiple configuration 
tools. Moreover, parameters must be downloaded from 
the host system to the FF devices to start input/output 
operations.

 � Change of device specifications
The FF specifications are enhanced to meet the needs 

of the market, and the device specifications are changed 
accordingly. Therefore, in many cases of FF device 
failures in existing plants, it is difficult to procure FF 
devices having identical specifications for replacement. 
When replacing an FF device with different specifications, 
the internal configuration file must be changed before 
parameters are downloaded from the host system to the 
replacement FF device.

For these reasons, replacement of FF devices requires 
field work by system engineers. If a device failure occurs at 
night when system engineers are not available, the recovery 
work can start only the next morning after a system engineer 
has arrived at the site. This prolongs the plant downtime and 
may cause damage to the manufacturing operation.

PROCESS DATA RECOVERY FUNCTION

Outline of Process Data Recovery Function
Although FF systems are becoming widespread in 

the market thanks to their benefits, the problem of device 
replacement is an urgent issue. To solve this problem, 
Yokogawa has developed a process data recovery function 
using the firmware of the ALF111, as an extension function to 
existing manufacturing control systems.

This function enables FF devices to be replaced even 
without system engineers. In a system where this function 
is implemented, field operators can replace devices without 
having to consider the differences in the internal structure of 
devices.

Figure 2 shows that the process data recovery function 
reduces the downtime in process input/output compared with 
the conventional procedure for replacing FF devices. With 
this function, process input/output can be resumed after 
simply disconnecting the failed device and connecting the 
replacement device.

Technical Challenges for Achieving the Process Data 
Recovery Function

To complete the process data recovery function, the 
system must autonomously perform the engineering works 
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that have previously been carried out by system engineers. The 
following technical challenges must be addressed to achieve 
such autonomous operation.

 � Eliminating the impact on irrelevant devices
Multiple FF devices are connected to the same bus in an FF 
system. The devices to be replaced must be appropriately 
identified so that the process data recovery function does 
not impact the devices that are operating stably.

 � Different input/output specifications of replacement devices
In an FF system, process input/output operations are carried 
out by the function blocks that are implemented on devices 
and responsible for the controller and arithmetic functions. 
However, input/output specifications of the replacement 
device, such as the number of blocks, may be different from 
those of the failed device. Such differences in specifications 
must be appropriately detected and checked.

 � Differences in internal elements of devices
The process input/output of an FF system is performed via 
fixed-cycle input/output communication. However, this 
communication cannot be performed if the failed device 
and the replacement device have different addresses of 
internal elements (communication parameters and input 
blocks), as shown in Figure 3. Therefore, communication 
parameters equivalent to those of the failed device must be 
set to the replacement device that has different addresses of 
internal elements. These communication parameters are as 
follows.

 ● Information on communication path
Parameters set to both the transmitting and the receiving 
ends to establish the communication path

 ●  Information on linking between block and communication 
path
Parameters to link the communication path information on 
the device side and the input/output block

In the conventional device replacement procedure, a 
configuration tool decides where to write these parameters 
based on a file which includes the internal structure of the FF 
device. In contrast, the internal structure of the replacement 
device is not known in advance when replacing a device using 
the process data recovery function.

Figure 3  Example of devices having different  
addresses of internal elements

Technical Elements for Achieving Process Data Recovery 
Function

Detecting the replacement device
Figure 4 shows an example of a device failure occurring 

in an FF system. In this example, the FF device with the 
device tag, “DevB,” is the failed device.

Figure 4 Example of device failure

Figure 5 shows the actions of the ALF111 when a 
replacement device is connected in place of the failed device. 
The same device tag, “DevB,” as for the failed device is set 
to the replacement device in advance. The ALF111 searches 
among the relation lists in the internal database using the 
device tag of the replacement device as the search key, to 
identify the definitions whose registered device tag is the 
same as that of the replacement device (see Figure 5 (1)). If 
the tag of the replacement device is not found in the lists, the 
process data recovery function does not work. If the tag of the 
replacement device is found in the lists, the ALF111 acquires 
the device address corresponding to the device tag in the 
relation lists, and sets the device address to the replacement 
device (see Figure 5 (2)). The FF standards stipulate that the 
device tag in a segment must be unique.

Figure 5  Action of ALF111 on connecting  
the replacement device

Confirming the input/output specifications of the 
replacement device

The ALF111 compares the number of input/output blocks 
of the replacement device with the number of process input/
output points that have been used by the failed device, to 
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confirm the validity of the input/output specifications of the 
replacement device.

The number of input/output blocks of the replacement 
device is calculated based on the data type of the block 
configuration acquired from the replacement device. The 
number of process input/output points that have been used by 
the failed device is calculated based on the communication 
input/output definition in the internal database of the ALF111 
and by checking the input/output data type.

Figure 6 shows an example of judging whether a 
replacement is feasible or not. Figure 6 (A) shows the case 
of a sufficient number of input blocks of the replacement 
device. In this case, the ALF111 judges that the replacement 
device has adequate specifications. In contrast, Figure 6 (B) 
shows the case of an insufficient number of input blocks of the 
replacement device. In this case, the process data recovery 
function is discontinued. Thus, this function also takes into 
consideration human errors, such as misidentification of the 
replacement device by field operators.

Figure 6  Example of judging whether device  
replacement is feasible or not

Generating and writing the communication parameters to 
be set to the replacement device

The ALF111 generates the communication parameters to 
be set to the replacement device based on the following factors.

 • Definition of communication input/output in the internal 
database of the ALF111

 • Internal configuration elements of the replacement device 
acquired from the actual device

Figure 7 shows the procedures of generating communication 
parameters and writing the generated parameters in the 
replacement device for recovering process input/output, during 
the replacement of devices that have the specification differences 
shown in Figure 3. The ALF111 has functions for both 
generating and writing communication parameters. The generated 
communication parameters are as follows.

 � Information on the communication path (device side)
The transmission/reception number for the information 
on the communication path on the ALF111 side is set. The 
transmission/reception number is a shared number for 
identifying the transmission/reception partner.

 � Information on linking between block and communication path
The block address acquired f rom the replacement 

device and the path number of the information on the 
communication path on the device side are set. The path 
number is used for specifying the information on the 
communication path inside the device.

The communication parameter writing function sets 
the generated communication parameters to the replacement 
device. The precise location where the communication 
parameters are to be set depends on the particular FF device, 
and is hence determined based on an analysis of the internal 
configuration of the replacement device.

Figure 7  Generation of communication parameters and  
writing them in the replacement device

CONCLUSION

This paper described a smart replacement function for FF 
devices, which is a typical procedure to achieve “FieldDigital.”

High inheritability and availability are required for 
manufacturing control systems. The process data recovery 
function meets such requirements because it is realized only 
by the firmware of the ALF111, regardless of the revision of 
the operating control system. This function is expected to 
improve the maintainability of FF systems that Yokogawa has 
released for nearly 20 years since the ALF111 was released.

Yokogawa will continue to promote “FieldDigital” and 
tackle new developments and improvements, aiming to achieve 
smart manufacturing systems and true IIoT, in response to 
increasingly sophisticated and diverse market needs.
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