
ABSTRACT:

Disposable bioreactor technology has 
many advantages in new large-scale 
manufacturing and product develop-
ment labs. The benefits of using 
disposable bioreactors can be increased 
by switching to WirlessHART transmit-
ters for pressure, temperature, pH, and 
dissolved oxygen measurement. In a 
new facility, wireless technology 
provides immediate savings in the cost 
of wiring installation. The flexibility of 
being able to work on reactors without 
disconnecting cables can provide 
on-going benefit by reducing the 
downtime and maintenance.

Also, the accuracy and reliability of the 
pH and dissolved oxygen measurement 
may be improved since battery power 
wireless transmitter are not as 
susceptible to ground loops that often 
plague a wired installation. However, 
when using wireless measurements for 
control, it is important to address the 
impact of non-periodic measurement 
updates that wireless devices can have 
on control implementation. In the 
presentation, we will show how the 
PID can be modified to allow wireless 
measurements to be more effectively 
used in control.

Control performance using wireless 
transmitters will be compared to that 
achieved using wired transmitter. The 
comparison will be based on an 
installation in which WirelessHART 
transmitters are incorporated into a 
Thermo Scientific 100 liter Hyclone 
Single-Use Bioreactor (SUB). Data on 
the accuracy and reliability of wireless 
measurements vs. traditional wired 
transmitter are presented based on 
experience gained from batch runs 
using mammalian cell cultures

Introduction
Single use bioreactors (SUB) are becoming 
increasingly popular in pilot plants and 
manufacturing facilities. By putting the 
SUB, analyzers, and control system on 
portable carts the systems can be readily 
mixed and matched to optimize pilot plant 
operation. Besides the obvious cost savings 
of equipment and wiring, SUB and wireless 
transmitters provide flexibility and offer 
faster and simpler setup, operation, and 
maintenance. 
In recent years, single use bioreactors larger 
than 1000 liters have become available 
which makes them suitable for commer-
cialized production. The use of a SUB in 
manufacturing of the same type as the SUB 
used in process development improves 
mass transfer and mixing rate calculations 
for scale up.

!" Single Use Bioreactors (SUB) with 
disposable liner eliminates the equipment 
cost and processing time for cleaning and 
sterilization

!" SUB meets frequently changing demands 
in process development

!" Wireless transmitters increase SUB 
flexibility and portability

!" SUB moves to manufacturing as size 
increases to more than 1000 Liters 

Materials and Methods
!" Portable 100 Liter Single Use Bioreactor 

(SUB) with disposable liner

!" WirelessHART pH, temperature, and 
pressure transmitters 

!" Self-organizing and automatically 
optimized wireless network

!" BioNet lab optimized DeltaV distributed 
control system (DCS) 

!" New wireless communication rules 
extend battery life 

!" Enhanced PID algorithm to improve 
control for wireless communication rules

!" Tests compare traditional wired and 
enhanced wireless PID control

!" Tests include set point changes, load 
disturbances, and loss of communication

!" Process simulations are embedded in DCS 
to test actual PID configurations

!" PID integral mode is restructured to 
provide integral action to match the 
process response in the elapsed time 
(reset time is set equal to process time 
constant)

!" PID derivative mode is modified to 
compute a rate of change over the 
elapsed time from the last new 
measurement value 

!" PID reset and rate action are only 
computed when there is a new value

!" PID algorithm with enhanced reset 
and rate action is termed PIDPLUS

Results and Discussion
WirelessHART takes advantage of the burst 
mode of HART devices to communicate 
alerts. Interrogation by automated mainte-
nance systems (AMS) is not required. The 
diagnostics in WirelessHART incorporate 
recent technological advancements. For 
example, Rosemount wirelessHART pH 
transmitters have improved glass imped-
ance calculations and noise rejection to 
provide smarter measurement diagnostics. 

About 10% of the pH measurements have 
ground loop problems. The source of the 
problem is difficult to track down but often 
goes away when a portable lab meter is 
connected, which indicates the problem is 
in the transmitter wiring or grounding.

The network manager, which normally 
resides in the gateway device, is the brain. 
The network manager routes and schedules 
the network for reliability and performance. 
The wireless PID algorithm with enhanced 
integral and derivative modes called 
PIDPLUS can do as well a traditional wired 
PID for setpoint changes. For unmeasured 
disturbances (e.g. load upsets), the 
PIDPLUS has a slower return to setpoint for 
the rather large resolution of 1% in the test 
case. As the resolution is improved, the 
load rejection capability will approach that 
of a traditional wired PID. It is important to 
note that the PIDPLUS does a better job of 
dealing with a loss in communication from 
the measurement or to a final element (e.g. 
actuator for a control valve or variable 
speed drive for a pump), because the reset 
and rate modes of PIDPLUS recognize the 
loss of communication and suspend further 
action (via the New Value Flag). The IAE in 
the table to compare the wireless PIDPLUS 

to the wired traditional PID is the 
integrated absolute error between the 
measurement and the setpoint for an 
unmeasured disturbance.

! " Wireless transmitters provide 
nonintrusive replacement and diagnostics

! " Wireless transmitters automatically 
communicate alerts based on smart 
diagnostics without interrogation from 
an automated maintenance system

!  Wireless transmitters eliminate the ques-
tions of wiring integrity and termination

!" Wireless transmitters eliminate ground 
loops that are difficult to track down

!  Network manager optimizes routing to 
maximize reliability and performance

!  Network manager maximizes signal 
strength and battery life by minimizing 
the number of hops and preferably using 
routers and main (line) powered devices

!  Network manager minimizes interference 
by channel hopping and blacklisting

!  The standard WirelessHART capability of 
exception reporting via a resolution 
setting helps to increase battery life

!  WirelessHART control solution, keeps 
control execution times fast but a new 
value is communicated as scheduled 
only if the change in the measurement 
exceeds the resolution or the elapsed 
time exceeds the refresh time since the 
last update

!  PIDPLUS and new communication rules 
reduce communications by 96% 

!  Wireless PIDPLUS setpoint response is as 
good as wired traditional PID

!  Wireless PIDPLUS load response is almost 
as good as wired traditional PID

!  Wireless PIDPLUS provides a better 
response than a wired traditional PID 
for loss of communication between 
measurement and actuator

Conclusion
WirelessHART offers improved flexibility 
and maintainability that increase the 
advantages of a SUB. With new communi-
cation rules and the PIDPLUS algorithm, the 
battery life can be extended (e.g. > 5 years) 
by an order of magnitude reduction in the 
number of communications with no 
sacrifice in setpoint response and only a 
slightly slower return to set point for an 
unmeasured disturbance. If the controller 
gain is increased or the resolution trigger 
value is made smaller, the PIDPLUS can 
provide tighter control. For a loss of com-
munication, the PIDPLUS offers 
significantly better performance than a 
wired traditional PID particularly when rate 
action is used. 

!" WirelessHART transmitters increase the 
advantages of portable SUB

!" PIDPLUS with new wireless communica-
tion rules greatly improve battery life

!" Wireless PIDPLUS provides same setpoint 
response as wired traditional PID

!" Wireless PIDPLUS rejects disturbances 
nearly as well as wired traditional PID

!" PIDPLUS is better able to handle loss of 
communication than traditional PID
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