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Marshalling With FOUNDATION™ Fieldbus Technology  

The key advantages of software-based distributed I/O connectivity

With increasing implementaƟ on of digital 
control technologies across the process 
industries, as well as the growth of industrial 
wireless and network protocols, the success 
of the FÊçÄ��ã®ÊÄ Fieldbus open automaƟ on 
infrastructure is someƟ mes taken for granted. 
 The global marketplace is sƟ ll experiencing 
double-digit growth in the sales of products 
and services related to FÊçÄ��ã®ÊÄ Fieldbus. 
The technology remains a preferred choice for 
both new construcƟ on and plant retrofi t 
projects. 
 Perhaps now is a good Ɵ me to revisit the 
key performance advantages that have made 
FÊçÄ��ã®ÊÄ Fieldbus technology the leader in 
digital process fi eldbus communicaƟ ons.
 FÊçÄ��ã®ÊÄ Fieldbus is a real-Ɵ me digital 
commu nicaƟ on network designed specifi cally 
for process control applicaƟ ons. It replaces 
analog 4-20 mA and on/off  signals for 
connecƟ ng instruments like transmiƩ ers, 
analyzers, control valve posiƟ oners, and on/
off  valves to distributed control systems 
(DCS), programmable logic controllers (PLC), 
remote terminal units (RTU), and other 
automaƟ on systems.
 As demonstrated at plants around the 
world, the benefi ts of completely digital 

automaƟ on without the limitaƟ ons of 4-20 
mA and on/off  signals are enormous. 
FÊçÄ��ã®ÊÄ Fieldbus technology takes 
automaƟ on to the next level by making 
control loops enƟ rely digital from end-to-end 
— from transmiƩ er to posiƟ oner — without 
intermediate analog signals, and by 
communicaƟ ng mulƟ ple signals from 
mulƟ ple devices on the same pairs of wires. It 
also enables new, more powerful devices, 
including 
intelligent two-wire on/off  devices with 
predicƟ ve diagnosƟ cs.
 FÊçÄ��ã®ÊÄ Fieldbus H1 technology 
provides an all-digital soluƟ on from the 
sensor to actuator, completely eliminaƟ ng the 
need for analog 4-20 mA signals and 
signifi cantly reducing the overall amount of 
equipment needed. It also takes the place of 
proprietary protocols previously used with 
electric actuators/motor-operated valves 
(MOV), gas chromatographs, and tank gauging 
systems. CommunicaƟ on is Ɵ me-synchronized 
and scheduled to ensure determinisƟ c 
closed-loop digital control. MulƟ ple devices, 
each with mulƟ ple I/O signals, share the same 
bus.
 FÊçÄ��ã®ÊÄ Fieldbus supports long cable 

lengths to juncƟ on boxes far into the fi eld, as 
well as long spurs for devices. Fieldbus-based 
control systems employ two-wire twisted pair 
cable and provide intrinsically safe or 
non-incendive device power suitable for all 
hazardous areas. Unrestricted access to 
fi eld device intelligence enables centralized 
confi guraƟ on/setup and diagnosƟ cs for all 
fi eld instruments, including discrete sensors 
and actuators. This soluƟ on also supports 
temporary masters such as handheld fi eld 
communicators, laptops/tablets, and 
documenƟ ng calibrators.
 Unlike other digital architectures, 
FÊçÄ��ã®ÊÄ Fieldbus was designed from the 
ground up to enable control-in-the-fi eld (CIF) 
strategies across the plant.
 FÊçÄ��ã®ÊÄ Fieldbus started with a few 
simple ideas:

•  Reduce cabling
•  Simplify marshalling
•  Enable real-Ɵ me digital closed-loop            

control
•  Ensure mulƟ -vendor interoperability
•  Expand device intelligence
•  Allow diagnosƟ cs-based maintenance
•  Liberate plants from proprietary protocols

Reduced Hardware Requirements:
Lower overall capital expenses

 Today, some automaƟ on projects are 
adopƟ ng various alternaƟ ves to tradiƟ onal I/O 
and marshal ling technology. But why make 
physical marshalling smarter or beƩ er when 
you can eliminate it 
enƟ rely? Many of the funcƟ ons provided by 
hardware in a convenƟ onal control system are 
no longer required by a FÊçÄ��ã®ÊÄ Fieldbus 
system, or are handled through soŌ ware 
instead.
 FÊçÄ��ã®ÊÄ Fieldbus technology was 
developed from the ground up as a way to 
eliminate tradiƟ onal marshalling all together 
through VirtualMarshalling connecƟ vity 
soluƟ ons. In other words, VirtualMarshalling 
enables soŌ ware-based distributed I/O 
connecƟ vity in which devices provide 
mulƟ ple signals over the same two 



terminals. Instead of relying on custom 
hardware confi guraƟ ons to accomplish the 
funcƟ ons of tradiƟ onal marshalling, 
FÊçÄ��ã®ÊÄ Fieldbus  accom plishes these 
tasks through a soŌ ware-based structure. All 
signal linking (block to block) is done in 
soŌ ware without hardwiring. This approach 
allows late addiƟ on of feedback and 
auxiliary measurement and control signals 
without the need for addiƟ onal wiring, as 
well as change of devices without switching 
I/O cards. Burnt shunt resistors are also 
eliminated. More devices can be added 
without laying more cable.
 FÊçÄ��ã®ÊÄ Fieldbus is parƟ cularly 
well-suited for expansions at exisƟ ng sites, 
which are running out of tray capacity.

Smaller System Footprint:
Easier design and implementa  on

Rather than use individual wires for each 
device signal, FÊçÄ��ã®ÊÄ Fieldbus connects 
mulƟ ple devices in parallel on the same pair 
of wires recognized by address. A single pair 
provides both power and communicaƟ on, and 
can be intrinsically safe or non-incendive if 
required. Long distance is also possible. Field 
juncƟ on box hardware is rugged and 
encapsulated for harsh outdoor fi eld 
con diƟ ons, some even passive and opƟ onally 
zone 1 cerƟ fi ed.

 FÊçÄ��ã®ÊÄ Fieldbus technology reduces 
the need for cable, cable trays, I/O cards, and 
associated labor for installaƟ on, as well as the 
eff ort of cuƫ  ng, stripping, crimping, labeling 
and connecƟ ng at every intermediate point. 
For example, a bus with 10 instruments — and 
an average of three signals per device — can 
take the place of 30 pairs of wires and I/O 
channels. The resulƟ ng cost is even lower 
than remote I/O and local mounƟ ng.
 In addiƟ on, FÊçÄ��ã®ÊÄ Fieldbus simplifi es 
the integraƟ on of devices with mulƟ ple 
signals for operaƟ on and feedback. This 
includes electric 
actuators/MOVs and discrete devices such 
as intelligent two-wire intrinsically safe on/off  
valve actuators. In the past, these devices 
required one pair of wires and one I/O 
channel for each signal, meaning as many as 3, 
6, 12 or more pairs per device. In comparison, 
FÊçÄ��ã®ÊÄ Fieldbus enables a single pair of 
wires to support mulƟ ple devices, resulƟ ng in 
drasƟ c wiring reducƟ on. The reduced number 
of I/O cards for auxiliary signals also trans-
lates into fewer I/O cabinets, a smaller 
footprint, and reduced weight.
 Since all device signals can now be 
employed at lower cost, plants can fully uƟ lize 
device capabiliƟ es without being limited to a 
subset of signals and funcƟ onality. ConƟ nuous 

feedback and bumpless transfer (a feature in 
virtually all PID 
controllers prevenƟ ng a sudden jump in 
output when the controller’s mode is 
switched from manual to auto) on hand 
operaƟ on also becomes available for all 
valves.
 Thanks to FÊçÄ��ã®ÊÄ Fieldbus  
technology, transmiƩ ers, control valves, and 
two-wire on/off  valves are able to share the 
same bus. As a result, there is no need to 
select I/O card or barrier types, since all 
devices use the same single type of interface 
card and barrier, and have the same enƟ ty 
parameters — simplifying selecƟ on. At design 
Ɵ me, it is not necessary to know the exact 
type and quanƟ ty of signal for each device to 
determine I/O requirements.

Reduced Device Count:
Lower wiring and installa  on costs

 FÊçÄ��ã®ÊÄ Fieldbus instruments are not 
limited to transmiƫ  ng single values in real 
Ɵ me. Instead, the technology supports 
mulƟ -point devices such as mulƟ -channel 
temperature transmiƩ ers with eight sensor 
inputs, which are ideal for temperature 
profi ling applicaƟ ons, as well as mulƟ -point 
indicators. For dual sensor temperature 
transmiƩ ers, both channels can be used for 
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control loops.
 The fi eldbus soluƟ on allows eight-channel 
temperature transmiƩ ers to take the place of 
many hardwired transmiƩ ers, thus reducing 
the overall device count as well as associated 
wiring and I/O card points. These and other 
innovaƟ ons off ering installaƟ on cost benefi ts 
are not possible with hardwired signals.

Open Network Standard:
Fewer protocols and greater 
interoperability

Proprietary protocols were elimi nated 
years ago for simple trans miƩ ers and valve 
posiƟ oners. Now, FÊçÄ��ã®ÊÄ Fieldbus can 
also eliminate these protocols for electric 
actuators/MOVs, gas chromatographs and 
tank gauging systems.
 These fi eldbus devices integrate with 
intelligent device management soŌ ware for 
setup/confi guraƟ on and diagnosƟ cs just like 
transmiƩ ers and valve posiƟ oners, enabling 
predicƟ ve maintenance and doing away with 
special soŌ ware. Devices also share the same 
bus infrastructure, eliminaƟ ng the need for 
separate networks, gateways, and drivers.
 As an open network standard, 
FÊçÄ��ã®ÊÄ Fieldbus eliminates single vendor 
dependency, which limits the ability to 
interchange or replace exisƟ ng instruments 
with third-party devices. This means diff erent 
brand equipment can share the same network or 
serve as second-source replacement devices.

Faster Commissioning:
Reduced labor and associated errors

 With FÊçÄ��ã®ÊÄ Fieldbus, Ɵ me-consum-
ing manual commissioning tasks and their 
associated errors are no longer a concern. 
The same is true of 4-20 mA ranging and 
signal distorƟ on; tradiƟ onal fi ve-point loop 
tests are replaced by a simple plausi bility 
check. Technicians can automaƟ cally confi rm 
the correct device type (model and manufac-
turer) has been installed. This applies to not 
only transmiƩ ers and posiƟ oners, but also 
discrete devices such as intelligent two-wire 
on/off  valves and electric actuators.

High Signal Integrity:
BeƩ er resoluƟ on and increased accuracy

FÊçÄ��ã®ÊÄ Fieldbus’ pure digital signals 
eliminate the digital-to-analog (D/A) and 
analog-to-digital (A/D) con version required in 
devices and systems uƟ lizing 4-20 mA 
technology. Fewer conversions lead to higher 
resoluƟ on and accuracy. Errors due to current 
calibraƟ on diff erences between trans miƩ er 
output and DCS input are also eliminated. This 
is parƟ cularly important in fl ow and level 
applicaƟ ons such as tank gauging, where 
small percentages correspond to signifi cant 
revenue.
 Using fi eldbus, measurement values transmit-
ted digitally cannot be distorted and integrity 

errors are immediately detected. This 
compares with “on-scale” errors associated 
with 4-20 mA signals, which are oŌ en due to 
undetected ground loop or current restric-
Ɵ on issues. Unlike discrete signals where 
open or short circuits may not be recognized, 
bus communicaƟ on errors are easily 
idenƟ fi ed.

Greater Signal Fidelity:
Increased awareness of abnormal situaƟ ons

FÊçÄ��ã®ÊÄ Fieldbus devices are designed 
to transmit measurements as a real number in 
engineering units (not scaled by range), 
which are received — unaltered — by a 
control system at the other end.
 TransmiƩ er confi guraƟ on download from 
the DCS is done as part 
of the device replacement process, thus 
ensuring the units, range, and other seƫ  ngs 
are correct. This approach eliminates the 
process variable value skew that someƟ mes 
results from mismatched 4-20 mA range 
seƫ  ngs between transmiƩ ers and the control 
system. Operators gain confi dence that the 
reading, controls, and alarms in the system 
are correct.
 With fi eldbus, measurement values are also 
transmiƩ ed over the full sensor limit with 
greater precision and are not limited to a 
narrow 4-20 mA porƟ on. As such, they do not 
saturate at the normal control range, but go 
beyond, providing valuable informaƟ on 
during abnormal condiƟ ons.

Tighter Control:
Faster response and less variability

 TransmiƩ ers, controllers, and valve posiƟ on-
ers are digital — so it only makes sense to 

have pure digital signals between them. A 
digital bus running 25 Ɵ mes faster than earlier 
hybrids of analog and digital allows a closed 
loop that is digital and Ɵ me-synchronized 
from end to end, from sensor to valve. 
Fieldbus communicaƟ on is determinisƟ c and 
real-
Ɵ me, off ering control response Ɵ mes faster 
than 150 ms in some cases.
 EliminaƟ on of analog input (AI) and analog 
output (AO) cards and their associated scan 
delays and jiƩ er also improves control 
response Ɵ me, parƟ cularly compared to 
remote I/O with addiƟ onal network and link 
delays. ReducƟ ons in process variability allow 
set points to be moved closer to the opƟ mal 
point of operaƟ on, with less “comfort 
margin.” Improvements for each transmiƩ er 
and valve, loop, and process unit con tribute to 
beƩ er plant performance.

Real-Ɵ me Signal Status:
Fewer trips and increased availability

 FÊçÄ��ã®ÊÄ Fieldbus delivers real-Ɵ me 
signal validity indicaƟ ng if the value is good 
for control, uncertain, or bad (fault). The 
status is then propagated as part of the same 
data structure as the value, eliminaƟ ng the 
need for separate data mapping. This enables 
process problems to be disƟ nguished from 
device problems, thereby minimizing 
nuisance trips of the control loop on sensor 
failure and increasing availability. The valve 
status includes limit condiƟ ons for override 
windup protecƟ on, fault state, bumpless 
transfer and more — further improving control.

More Powerful Devices:
New and robust instrument funcƟ onality

 The electronics in FÊçÄ��ã®ÊÄ Fieldbus 
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two-wire devices are not restricted to 
operaƟ on on 4-20 mA. The result: bus-
powered instruments are able to consume 
more power, enabling new and more powerful 
funcƟ onality.
 Examples of such devices include two-wire 
radar level transmiƩ ers with frequency 
modulated conƟ nuous wave modulaƟ on, 
two-wire eight-channel process temperature 
trans miƩ  ers, two-wire tank gauging 
mulƟ -spot temperature transmiƩ ers with 
water boƩ om level measurement, two-wire 
intelligent on/off  valves, and two-wire fi eld 
indicators.
 Powerful funcƟ on blocks in fi eldbus 
instruments provide computaƟ on and 
arithmeƟ c whenever there is a need to 
calculate or compensate a value in the device 
so that it may be shown on a local display.

Enhanced DiagnosƟ cs: Improved 
operaƟ ons and maintenance programs

The digital nature of FÊçÄ��ã®ÊÄ Fieldbus 
supports centralized device confi guraƟ on/
setup, diagnosƟ cs, and viewing of internal 
variables. The technology also allows 
two-wire devices to drive more powerful 

electronics and fi rmware, ensuring more 
sophis Ɵ cated self-diagnosƟ cs. This includes 
staƟ sƟ cal process monitoring (SPM) for 
mulƟ ple variables across the bus and 
conƟ nuous valve performance diagnosƟ cs not 
found in 4-20 mA devices.
 Faster communicaƟ on also means 
diagnosƟ cs and confi guraƟ on/setup pages 
load faster.
 PredicƟ ve diagnosƟ cs with fi eldbus is 
available from two-wire intrinsically safe 
intelligent on/off  valves and other discrete 
devices not digitally integrated in the past. In 
addiƟ on, the technology employs NAMUR 
NE107-compliant device alarm raƟ onalizaƟ on 
to noƟ fy the right person without alarm 
fl ooding.

Simple Online Upgrades:
Easier access to new technology

 FÊçÄ��ã®ÊÄ Fieldbus instruments not only 
communicate faster than older hybrid analog/
digital devices, but they also have the speed 
necessary to allow fi rmware download from 
the system. Devices with dual memory banks 
switch bumplessly to new fi rmware.

 Modern fi eldbus devices are easily 
upgraded to take advantage of features and 
other improvements in new versions. These 
upgrades can be performed without going 
into the fi eld to replace the enƟ re circuit 
board or connect a laptop.

Greater Ease of Use:
Proven soluƟ ons for projects of all sizes

 FÊçÄ��ã®ÊÄ Fieldbus technology is 
conƟ nuously improving based on feedback 
from our strong end user advisory council. 
The FÊçÄ��ã®ÊÄ Fieldbus specifi caƟ on now 
includes NAMUR NE107-compliant role-based 
and prioriƟ zed device diagnosƟ c alarms; 
backwards compaƟ bility and easy device 
replacement; and graphically enhanced, 
device-level electronic device descripƟ on 
language (EDDL) user interface and wizards. 
Constantly improved device inter operability 
tesƟ ng kits (ITK) and host profi le registraƟ on 
processes ensure that new devices and 
systems meet our specifi caƟ ons.

The FÊçÄ��ã®ÊÄ F®�½��çÝ solution employs NAMUR NE107-compliant device 
alarm rationalization to notify the right person without alarm flooding.


