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Fielddigital: iot in the Pa domain

More than a decade ago, the concept of “ubiquitous” -- 
communication with computers anywhere -- was advocated. 
This concept aimed to achieve a world where each instrument 
is equipped with microprocessors and can communicate with 
each other as standard. Yokogawa explored the possibility of 
applying this concept to the process automation (PA) domain 
and coined the word “FieldDigital” around 2004. Today, the 
phrase “Internet of Things (IoT)”(1)(2) is becoming a household 
word. When this is applied to the PA domain, it is almost 
equivalent to the future envisioned by Yokogawa with the 
word FieldDigital. Therefore, FieldDigital can be paraphrased 
as “IoT in the PA domain” although this article will use the 
word FieldDigital.

Fielddigital as an enabler

Conventionally, process automation was configured 
mainly with communication over 4-20 mA analog signals. 
Now, microprocessors are gradually being used for sensors 
and terminals, and advanced functions are being implemented 
in them. Digital communication functions enable automation 
systems to achieve higher precision and quicker updating than 
ever and field devices to come with an autonomous diagnosis 
function. FieldDigital indicates such changes in field devices 
and their configuration. What change does FieldDigital bring 
to process automation? Clearly, both FieldDigital and IoT 
are enablers (meaning to help others achieve something). 
The crucial point is what innovation you will create by using 
such enablers. Although engineers tend to focus only on the 
technology of enablers such as FieldDigital and IoT, they 
should imagine innovation beyond them and try to achieve it.

requirements For enablers to bring 
innovation

What is the meaning and effect of field devices having an 
intelligent function and a communication function?

First, such devices can quickly and autonomously 
perform the required functions by using its intelligence at 
the front end. The word “front” is used because field devices 
work while being directly connected to facilities in plants 
(the word “autonomous(ly)” is explained later). As a result, it 

is possible to perform various new functions at high speed at 
the front end. At the same time, intelligent functions create 
composite information such as indirect measurements and 
calculations. Previously, only raw data such as measurements 
and manipulated variables was information. But with new 
devices, users can obtain such composite information from 
or send it back to a remote back end via communication 
functions. The word “back end” is used, in contrast with 
“front,” to express control systems to which field devices 
are connected. In line with field devices performing various 
functions at high speed, advanced special functions perform 
analysis and prediction at the back end and send the results to 
field devices as instructions. The combination of high-speed 
execution at the front end and advanced support at the back 
end creates innovation. This combination will bring about 
drastic evolution not only in control and monitoring functions 
but also in the self-diagnosis function of devices. In particular, 
they are ideal for determining the timing of maintenance and 
predicting the failure of devices with moving parts (valves, 
pumps, analyzers, etc.), which will fail or wear out over time. 
Even if a logic is not implemented in software, an advanced 
support function at the back end transfers information to 
experts at a remote place and incorporates their heuristic 
judgements into the ring of cooperation, and can create 
innovation. The innovation that will be created by FieldDigital 
and IoT is in fact what is created by the cooperation between 
the high-speed performance at the front end and the advanced 
support function at the back end.

three requirements For autonomy

As mentioned above, FieldDigital means that f ield 
devices have intelligent and communication functions and 
autonomously perform tasks by using them. The word 
“autonomous(ly)” means to perform a task to complete a 
function with its own judgment and capability. Take human 
resources as an analogy. When you send a person into the 
field, the results will differ between a novice worker who is 
unfamiliar with the work and a skilled one who can work 
autonomously. You must continue giving instructions to 
rookies and help them. In contrast, you can obtain results as 
expected from trained workers while leaving everything to 
them.
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There are three requirements for autonomy. The first is 
that all tasks can (or should) be completed at the front end. 
Responsibilities should not be divided ambiguously between 
the front end and the back end.

When the front end cannot complete a task, it must notify 
the back end of this condition. This is the second requirement 
for autonomy. Autonomous devices must have both a function 
of self-diagnosis to identify their own health and a function to 
transmit the self-diagnosis result to the back end. By the same 
analogy, skilled persons can judge whether they can handle 
conditions by themselves or not and ask the head office for 
instructions and support if necessary. In contrast, newcomers 
cannot make such judgements because it is difficult for them 
to determine the range of their own discretion.

T he t h i rd  requ i rement  for  autonomy i s  remote 
maintenance that keeps devices working in the field for a 
long time. Such maintenance is like a medical examination 
with a stethoscope; directly connecting to a target device, 
and diagnosing, prescribing, and remedying it. Maintenance 
functions must be able to maintain devices in unmanned 
fields and make sure that maintenance staff do not need to 
visit there. They include the inspection of hardware and the 
maintenance of intelligent functions by correcting behaviors 
from a remote place and revising up (downloading) software 
or firmware. By the same analogy, even skilled persons may 
ask the head office for support and operating instructions for 
solving problems beyond their capability and specialty.

T he th ree poi nt s  noted above a re  t he essent ia l 
requirements of autonomy: functions to be completed in the 
field, self-diagnosis and notifying functions, and remote 
maintenance.

Pa systems need to evolve to handle 
autonomous devices

The basic architecture of the control system that has 
suppor ted process automation must differently handle 
autonomous devices that satisfy these three requirements. 
First, conventional synchronization methods in which a 
system has a leading role in polling device information at 
regular intervals cannot be applied to autonomous field 
devices. In contrast, information is transmitted in accordance 
with the condition and timing of field devices. Furthermore, 
the information transmitted will be something like reports 
along the time line. By the same analogy above, this is 
equivalent to a skilled person who sends back information 
as a weekly report. Every weekend, they report the data and 
notes for the current week. To continue using the current 
system, all intelligent devices may be designed to be able to 
send information spontaneously to a system at fixed cycles. 
Process automation systems in the future must be able to 
handle a set of process data that are stamped with the time of 
measurement.

Wireless accelerates Fielddigital

FieldDigital is or iginally a concept that explains 
innovation at FOUNDATIONTM Fieldbus (FF), a full-digital 
fieldbus. Features of high-speed performance at the front 
end, advanced support at the back end, and autonomy have 
developed mainly as innovation in the field of diagnosis. 
Because of problems regarding power supply, intelligent 
functions of wired devices have not been utilized actively even 
if they were full-digital. However, as wireless field devices 
have become widely used in recent years, FieldDigital can 
easily promote innovation, which is an original objective 
of this enabler, and it is in turn applied to full-digital wired 
devices.

Many wireless f ield devices operate on bat ter ies 
and continue working for several years without the need 
for maintenance. These devices achieve the concept of 
FieldDigital, and they are all autonomous. With few analog 
circuits, they are compact and inexpensive, but many of 
them have advanced, intelligent functions. Eventually, the 
difference between wired or wireless will not matter greatly, 
and they will be judged and selected based only on economic 
reasons. Wireless field devices will accelerate the creation of 
innovation by FieldDigital, including wired devices.
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