
E+C  SPOT ON

With the incorporation of the ARC-system into its process 
measuring sensors, a bridge has been created into the 
digital future for pH-, dissolved oxygen-, and conductivity 

measurements. Three application concepts – from standard single 
loop operation, via analogue interfaces up to complex field bus linkage 
– take the different requirements of various customers into account: 
biotech-laboratory and production, as well as plant-contractors. All 
concepts feature the same: the external transmitter is removed – and 
therefore the weakest link in signal transmission is removed.

Precision and reliability are the mark of Hamilton. Numerous 
researchers still depend on the micro-litre syringes, which the com-
pany founder, Clark Hamilton, invented 60 years ago. These syringes 
still have their place in the company portfolio. Precision plays a vital 
part in sensor development. No compromise on accuracy can be al-
lowed with the pH-, dissolved oxygen- or conductivity value during 
these measurements in their numerous applications in biotechnol-
ogy production. The demand is first class quality. In this respect Dr 
Gleb Zhylyak, production manager for intelligent sensor innovation, 
and his team of developers, represents and continues the tradition 
of the company’s founder, and with their latest efforts expand this 
competence. With the development of the optical sensors Visiferm-
DO (dissolved oxygen) the company has changed from a traditional 
sensor manufacturer to a measuring system producer.

More intelligence into the sensor

‘More intelligence into the sensor’ is a trend which is ongoing – and 
has been for many years. The company which the author represents 
follows this trend in process analytics with intelligent sensors having 
integrated electronic circuitry, Visiferm-DO sensors as the forerun-
ners. Incorporated into the well-known 12 mm-pH-sensor-design 
of the new DO sensors, are microprocessor, analogue and digital 
interface (Modbus) and a so-called ECS-Interface (Electrochemical-
Sensor-Interface) for direct connection to a standard transmitter 
installed directly into the sensor shaft. The sensor can be connected 
directly – analogue or digital – to the PLC. The intermediate connec-
tion of a transmitter is no longer required. The sensor does not just 
supply a current signal but also supplies process-relevant informa-
tion. Visiferm-DO does not measure electrochemically, it measures 

optically and utilises the phase-shift of light on a luminophore. This 
phase-shift depends on the oxygen concentration of the measured 
medium. 

Figure 1: More intelligence into the sensor: the transmitter is directly 
installed within the sensor shaft of pH-, dissolved oxygen- and conductiv-
ity electrodes. The service unit ARC-View can communicate, if so desired, 
wireless with the sensors.

Miniaturising

The next step of the development: to integrate the new technology, 
proven with Visiferm-DO, into pH- and conductivity-sensors under the 
protected name ‘ARC’. Around this family of intelligent ARC-sensors 
emerges a periphery of new products, ie control and maintenance 
or service instruments. The technology drive came from the minia-
turising of electronics, which was geometrically necessary until a 
transmitter could be integrated into a process sensor. Work is carried 
out with renowned research institutes in order to push miniaturising 
to its limits. On the other hand the market demands sensors which 
do not just supply an electrical signal, but the relevant process data – 
which is quite possible with a number of field instruments. The result 
of this is that the manufacturer experiences a transformation, from a 
sensor supplier to an information provider.
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Vital, Versa, Vision

Not only for the manufacturer, but also for the user, the integrated 
intelligence, according to ARC, corresponds to a paradigm change. 
The sensor is now an independent instrument which evaluates the 
data for process control. The advantages depend very strongly on 
the application method of the user and his or her concrete demands. 
Three different concepts are based on typical applications: Vital, Versa 
and Vision. In these concepts the intelligence of the conductivity-, dis-
solved oxygen- or pH-sensors of the ARC-family, and their associated 
instruments, are utilised quite differently.

Figure 2: ARC-Vital: a simple solution, either with ARC-sensor and PLC or 
ARC-sensor and ARC-vision.

Figure 3: ARC-Versa: the second solution within the three-step ARC-con-
cept. Several ARC-sensors to one PLC with wireless sensor monitoring is a 
typical application.

Figure 4: ARC-Vision: High-end application via Modbus connection and wire-

less sensor monitoring.

Vital

Zhylyak named in honour of Dr Gleb Zhylyak, is the simplest appli-
cation and is used if the customer requires only reliable measuring 
values. He can achieve these by using an ARC-sensor without any 
additional instruments. One standard cable carrying the 4 -20 mA 
signal to the PLC and the job is done. That is how the vital function of 
a process-analytic-sensor, the measurement of pH-, conductivity- or 
dissolved oxygen-concentration can be realised – and logically, the 
application is therefore called ‘Vital’. 

The critical link has always been the transition from the electro-
chemical sensor to the transmitter; cable and contact quality strongly 
influence the quality and reliability of the indicated measuring result. 
An outstanding sensor quality may very quickly be destroyed. Typi-
cal ‘Vital-ARC-users’ benefit from the better quality of the measuring 
value, especially in the research laboratory.

ARC-View

The functionality of the transmitter is better realised within the sensor, 
the weak spot of the signal transfer to the transmitter is eliminated 
and the electronics is perfectly matched to the respective measuring 
task of the sensor. But what about the functionality of the transmitter, 
the human-machine interface with display and operational panel? 
In principle all information which the ARC-sensor supplies can be 
accessed via the process control system. In simple cases diagnostic 
values may be called up from the PLC and calibration can also be 
performed via the PLC. If an operator needs to see measured- or 
diagnostic values, or wants to perform a calibration at the point of 
measurement, he can make use of the service or maintenance instru-
ment ‘ARC View’. The ARC-View instrument is also available in a 
fixed-installed field-housing having IP 67 protection, or as a desktop 
version. One ARC-View service instrument can communicate with up 
to 31 ARC sensors simultaneously, eg it is easily possible to compare 
the quality of two similar sensors.

ARC-Versa

This is an example of an application which is included in ‘ARC-Versa’, 
the second typical concept: Applications within the scope of ‘skid-
installations’ (medium-size bio-reactors) where several sensors are 
mounted within one measuring system. At the same time single 
sensors can be addressed, even wireless, via the maintenance tool 
ARC-View. For this, a wireless-adaptor may also be installed at the 
sensor-head at a later stage.

ARC-Vision

‘ARC-Vision’ stands for the user’s high-end-application, where the 
complete equipment of one or more plants of his factory, with intel-
ligent sensors, is necessary. These are then connected via a Modbus. 
Calibration can be effected on- or off-line. ARC-View enables the wire-
less sensor management which can of course also be performed via 
the PLC. Fully digital technology is offered – with the possibility to 
address all sensors completely digitally. This could be the system of 
the future as digital communications are increasingly being utilised 
with notable success.

Abbreviations

DO – Dissolved Oxygen
ECS – Electrochemical Sensor
PLC – Programmable Logic Controller
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High-end-application with Bus connectivity

The customer benefits from the robust digital technology as well as 
from the shorter configuration time and the reduction of operator 
errors. Eventually this will have a positive effect on the profitability 
of the company.

With the three-step concept Vital – Versa – Vision, the different 
needs of the end-users can be met. Customers who do not allow 
a fully digital communication in their plants, still use the widely 
accepted 4 – 20 mA control system. For them the ARC-Versa is a 
practical interim-step to fully digital technology which will succeed 
in the medium-term. ARC-Vision, however, is the concept for the 
one who wants to take the step into the future… today – in all cases 
where users start with new plants or upgrade old ones and parting 
from the analogue technology. Basic equipment with Vital, first steps 
into the digital future with Versa or the full digital technology with 
Vision – all this is justifiable. The intention, with ARC, is to build a 
bridge between different approaches.

First tests

The ARC concept was introduced at Achema, May 2009, as a preview 
with a positive response. There were many 'early adopters' who were 
prepared to test these instruments before the market introduction. 
The first beta-tests were performed in September 2009 with excellent 
results. Price-wise the whole ARC concept is attractive. Typical ap-
plications have been calculated, eg the deployment in fermentation, 
where sensors are exchanged on a routine basis in order to avoid any 
quality risks. The total calculation with ARC-sensors paid off very well 
against the use of conventional components. The final price-scheme 
was announced at the official launch in December 2009.

In the company’s view, it would not be of much use if one makes 
technological advancement in signal conditioning, yet the sensors 
used in the fermentation processes are not of a high grade. The 
quality of the signal is produced within the sensor head. The basic 
sensor programme for pH, conductivity and dissolved oxygen, offered 
over many years, will not change. There is a special sensor for each 
possible application. The pH electrodes of the Easyferm-Plus series, 
also available with the new inductive Memosens technology, and 
the Easyferm-Food electrodes, have been optimised for the biotech 
production.

Pre-calibration

The feasibility of the pre-calibration which was made possible through 
the integration of the transmitter functions is impressive. Further-
more, a quality control for each sensor is provided – through this 
‘maintenance on demand’ can be realised and the requirements on 
the operator is reduced to the essential. The sensor knows everything 
about itself. But what information does it transmit? The first aim of 
the concept was to provide a user-friendly tool. The main parameters 
– the measuring value and the temperature – are primarily indicated, 
together with a sensor status signal in traffic-light colours – green for 
all is okay, yellow warns the user that something has to be done, and 
red signals an error situation. The easy definable access control to 
the different user levels supports the fault-free operation.

Conclusion

Already in the early stage of development Hamilton has acquired 
bio-reactor manufacturer Infors HT as a test-partner. The result was 
shown at Achema 2009 on two bio-reactor-systems – Labfors 4 and 
Techfors. In these the analogue sensors for the measurement of pH 
and dissolved oxygen were exchanged with ARC-sensors (Easyferm-
Plus ARC, Visiferm DO). The bioreactors fermentation control system 
now receives the measuring values directly from the sensors. In the 
next step the diagnostic-functionality will be integrated within the 
preventive maintenance. Hamilton’s partners at Infors HT took the 
chance to adopt intelligent fermenter control. Soon they will com-
pletely transpose the Vision-concept and with it realise a recognis-
able streamlining of their control system with full functionality of the 
measuring technology.
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