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UWEDAT-LAN – Connecting Environmental Monitoring Devices 

Johannes Schabauer, Gerald Schimak1 

Abstract 
This paper describes the environmental monitoring system UWEDAT, which comprises a central host and 
outstations.  In particular, we will focus on the new UWEDAT-LAN station-computer, which manages an outstation 
and collects data from any kind of measuring device.  UWEDAT-LAN was developed during the last 3 years and 
follows our successful series of station-computers, which started in the early 1980’s.  Thus, this new computer 
combines more than 20 years of experience and technological leadership in the field of environmental monitoring.  
We will briefly outline the tasks and the technology in this paper and discuss them in the following chapters.   

1. Introduction 

Monitoring environmental data is not merely of scientific interest but has evolved to the key component for reducing 
pollution and preserving nature’s health.  Annual air and water quality reports are not only a legal requirement but 
represent the basis for the tool-chain of decision-support in environmental matters.  Using these fact-sheets, politi-
cians and other decision-makers evaluate the effect of environmental laws and can take necessary action.   

Since pollution does not respect national borders, environmental problems often cannot be effectively solved by sin-
gle nations.  To effectively protect the air we breathe, laws and regulations need to be imposed and enforced on 
European and eventually on worldwide level.  Therefore we need quality and precision of measurements on the one 
hand as well as spatial resolution and comparability on the other hand.  As for water, the EU has already started an 
initiative to preserve the quality of all European water-bodies by releasing the EU Water Framework Directive [1].  
The first step in this directive aims at integrating existing water-data into monitoring and management networks, so 
that tools for decision-support can build upon clearly defined data sources.  Another EU-project (Orchestra, [2]) de-
velops an information infrastructure enabling a European wide data exchange in the domain of risk-management.  
Risks addressed by this project are forest fire and flooding.   

Similarly air monitoring networks should move toward a higher level of integration.  UWEDAT is the system which 
proves both, the ability to fulfill international regulations and the universality to monitor environmental parameters.  
The functions of the central-host software are briefly described below: 

• Collecting data from outstations (Uwedat Communication Server)  

• Processing messages and limits (Uwedat Message Server, Uwedat Limit / Threshold Server)  

• Storing values with the high-speed database interface FORMULA (Uwedat Formula Server)  

A presentation of the central host is available in the proceedings of the Air Pollution conference X [3].  In this paper 
we will focus on the new station-computer UWEDAT-LAN, which is already used for air- and for water-monitoring 
(Schabauer, [4]).  A brief outline of the tasks and the technology of the station computer is given below: 
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• All station-computers should be able to work with a variety of different measuring devices.  The station-
computer UWEDAT-LAN offers the broadest range of interfaces available on the market: Profibus, CAN 
(Controller Area Network), RS232, RS422 and TCP/IP. 

• Its flexible software-structure allows a quick and simple implementation of protocol-drivers.  Currently im-
plemented are Profibus PA, Bayern-Hessen, Modbus TCP/IP, and proprietary protocols such as IMI-CAN, 
which connects analogue measuring devices with the station-computer.   

• Finally we will describe our Intelligent Meter Interface with CAN fieldbus (IMI-CAN) and the management 
of UWEDAT-LAN with UWEDAT ServiceTool. 

2. UWEDAT-LAN Station Computer 

2.1 Building Half Hour Mean Values 

UWEDAT is the acronym for “Umwelt Daten” and means Environmental Data in German.  UWEDAT stands for a 
complete product series in the field of environmental data processing.  This includes a low level data acquisition sys-
tem as well as tools for parameterizing monitoring networks, ensuring quality of measurements, analyzing data and 
generating reports.  The station computer forms the base in this tool chain.  It builds accurate Half hour Mean Val-
ues (HMVs) out of the measurements which it receives from the analyzers, according to the type of data processing.  
Supported building rules include arithmetic mean, minimum, maximum, accumulation, and various types for wind 
processing.  For HMV processing, not only measurements are taken into account, but also 24 bits of quality informa-
tion, which allow each analyzer to set its error and device state as well as its identity.  An error bit or a wrong id 
automatically leads to a rejection of the measurement.  This decreases the availability of the measurements, which is 
recorded in the HMV Byte.  The HMV Byte is an additional byte of information to each HMV, which is built by the 
station computer.  There are two bits which indicate the availability of the HMV: one is set if less than 90% of the 
measurements were received correctly, the other if it were less than 50%.  Other bits show, if one measurement 
caused a range overflow or if the analyzer was calibrated during one HMV building interval.  The building interval 
for HMVs is 30 minutes, but it is possible to additionally calculate Variable Mean Values (VMVs) with a variable 
interval time from 30 to 1 minute.  Additionally to the 3 bytes of device specific information for each HMV, 2 global 
status bytes are stored for each period.  These indicate the hardware state (e.g. ambient temperature too high, door 
open, sample collector broken, calibrator broken …) and the software state (e.g. restart after power fail, watchdog 
was active, data loss …).  All this additional information to each mean value allows for a high standard in quality as-
surance.  The following figure shows the data representation: 
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Fig. 1: Data Representation of HMVs 
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2.2 Auto Message  

On reaching predefined limits, the station computer can take specific actions.  For instance it is possible to trigger a 
water sample collector with an internal relay if a pollutant exceeds a limit or if a specified time is over (periodical 
sampling every 24 hours).  However, it is not only possible to trigger a relay: origins (e.g. limit violation) and actions 
(e.g. triggering a relay) can be combined in many ways.  For example, it is also possible to call the central host, if the 
ozone concentration is too high or if the door of the monitoring station has been opened.  Another application would 
be turning on the air condition, if the ambient temperature is too high.  It is even possible to use this feature for 
power management: if an outstation runs on emergency power, the station computer can shut down devices or opera-
tions which need much power. 

2.3 Hardware 

The station computer is powered with 9-15V, requires only 150-200mA (<2,5 Watt) and weighs 1400g.  Therefore 
it is perfectly suited for measuring stations which have either limited power supply (solar panel) or require a long 
supply time with emergency power (e.g. from a battery).  It complies with the tight boundaries of the EMC norm 
EN55022:1998 + A1:2000 + A2:2003 and EN55024:1998 + A1:2001 (EMC-report, [5]), which qualifies this device 
for industrial as well as for non-industrial applications. With this design, we aimed at the highest standards of secu-
rity, quality, flexibility and yet simplicity. 

2.4 Back Side - Connectivity 

The following picture shows the connectors of UWEDAT-LAN, which we will briefly describ in this paper.  For a 
detailed description refer to the UWEDAT-LAN software description [6] and to the hardware-description [7]. 

 

 
Fig. 2: UWEDAT-LAN Back Side 

 

The TCP-IP Port “LAN” has three main tasks: 
1.) Connection to a Profibus gateway [8], which can either directly power and control up to twelve Profibus 

PA analyzers or control many Profibus DP devices.  We use Profibus in our mobile waterquality monitoring 
systems along with Endress+Hauser analyzers [9]. 

2.) Connection to Modbus TCP/IP analyzers [10], which we use for Phoenix Contact measuring device inter-
faces.  The Modbus protocol has been accepted by the IEC as a Publicly Available Specification.  The TCP 
variant of the protocol was submitted to IEC SC65C as a real time industrial Ethernet suite.  Both, Profibus 
and Modbus TCP/IP are well established fieldbuses for process automation.  

3.) Connection to ServiceTool.  We use this software tool for parameterizing and controlling the station-
computer.  It will be described later on. 

 

Another fieldbus supported by UWEDAT-LAN, is the Controller Area Network [11].  UWEDAT-LAN can man-
age two independent CAN nodes (CAN-1, CAN-2).  We are the first to run CAN over USB cables.  USB cables and 
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connectors have two significant advantages over other physical layers: High electromagnetical robustness and the 
electric power can be supplied with the same cable, used for data.  Therefore, no separate power-supply is necessary.  
UWEDAT-LAN supplies 500mA and 12V per CAN-node.  CAN was originally developed for the automotive sector 
in the early 1980’s and was internationally standardized in 1993 as ISO 11898-1.  The annual market as well as the 
error-robustness of CAN exceeds any other fieldbus by far because of the huge demands and requirements in auto-
motive industries.  Around 40 semiconductor manufacturers offer CAN controllers by now.  Because of these rea-
sons and because of its good scalability (20KBit/s to 1MBit/s, up to 1km maximum cable-length), CAN quickly con-
quers new fields like maritime and aircraft electronics, factory and building automation, medical equipment and de-
vices, as well as industrial and non-industrial applications.  We believe that CAN definitely has its place in environ-
mental electronics too.  Our new interface for analogue and digital analyzers (IMI-CAN) communicates with the sta-
tion-computer over CAN. 

The Digital I/O connector offers general inputs and outputs, including two relays. 

The 8 serial ports RS-232 1 to 8 can handle telephone and GSM modems on the one hand as well as analyzers on the 
other hand.  UWEDAT-LAN supports a variety of protocols including the popular Bayern Hessen protocol with 
numerous settings like 7 or 8 Bit, 1200 or 9600 Baud, check or don’t check device-ID, and check or don’t check 
CRC.  This makes it easy to integrate a new measuring device into the UWEDAT monitoring network.  RS-232 1 to 
4 are called “true RS-232 lines”, because they support all RS-232 status lines.  RS-232 5 to 8 only carry the two 
data-lines Rx and Tx.  However, these connectors can also be configured for RS-485. 

3. UWEDAT IMI-CAN - Meter Interface 

IMI-CAN is short for Intelligent Meter Interface with CAN fieldbus.  It links almost any analogue analyzer to the 
station-computer by digitalizing electrical signals like current, voltage, resistance and even frequency or impulses.  
Each measurement can be refined with up to 24 bits of status information.  These bits are set by the analyzer and in-
dicate the quality of measurements.  For instance, the analyzer may set the calibration-bit, so the measurements are 
invalid while this bit is set.  Analyzers may set 8 bits of device status, which does not automatically lead to a rejec-
tion of measurements, or it sets 8 bits of error status which will lead to a rejection.  The meaning for each bit is freely 
configurable according to the definition of the analyzer manufacturer.  To avoid mixing up analyzers, each device is 
assigned to a unique 8 bit device-id, which identifies the analyzer within a monitoring network.  So if accidentally a 
temperature sensor of type 1 is connected to an IMI-CAN, which expects a temperature sensor of type 2 or even a 
completely different sensor, the IMI-CAN checks the ID of the current analyzer and communicates the mistake by 
toggling the yellow “Select LED”, and sending the message “Wrong device ID” to the stations computer.   
The IMI-CAN monitors internal parameters like its reference voltage or it detects a range overflow on the frequency 
counter and sends corresponding messages to the station-computer.  It weights 270g, needs 12V power supply and 
draws only 100mA.  Like UWEDAT-LAN, it does not only comply with the EMC norm for industrial applications 
but also with the tighter boundaries of the EMC norm for non-industrial applications  EN55022:1998 + A1:2000 + 
A2:2003 and EN55024:1998 + A1:2001 [12].  

UWEDAT-LAN can supply up to 5 IMI-CANs per node with the USB cable.  If an external power supply is used, up 
to 8 IMI-CANs can be connected to one node.  The IMI-CANs are simply cascaded, i.e. one USB cable leads in and 
one goes out to the next IMI-CAN.  The last meter interface needs a termination plug, so that the CAN fieldbus is 
correctly terminated.  Each IMI-CAN needs a unique device address, which is selected with the MODUL-ADDRESS 
selector switch.  UWEDAT-LAN supports two independent CAN-nodes, so up to 16 IMI-CANs can be controlled by 
one station computer. 

An IMI-CAN processes a variety of analogue signals with outstanding accuracy by using a 24 Bit analogue to digital 
converter with 50/60Hz suppression, automatic calibration and temperature compensation.  Additionally, the IMI-
CAN collects quality information about a measurement with its 24 digital inputs.  For a detailed description of the 
architecture refer to the IMI-CAN description [13].  The following table describes the signals and the measuring 
ranges. 

Signal Range 
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3x current (38Ohm input resistance) -24 to +24mA 
3x voltage -1 to +1V 

-10 to +10V 
3x resistance bridge 0 to 100% of reference Voltage (+1V) 
2x counter Frequency, Impulses, Duty Cycle (0 to 100%) 
8 Bit Error Status digital 
8 Bit Device Status digital 
8 Bit Device ID digital 

Table 1:  IMI-CAN Signals 

All of theses signals are captured simultaneously, i.e. it is possible to collect data from up to 8 meters (3x current, 3x 
voltage or resistance, 2x impulses) with one IMI-CAN.   

The RS232 port can be used for service by simply connecting a serial terminal (e.g. Microsoft Hyper Terminal).  
Also, the IMI-CAN is able to manage Bayern Hessen devices with 6 components on its RS232 port, while process-
ing all other signals.   So if all of the 8 RS232 ports of the station computer are occupied, it is still possible to connect 
Bayern Hessen devices with IMI-CANs.  These features elevate this practical meter interface to high level of univer-
sality. 

4. UWEDAT MaintenanceTool – Securing Continous Quality 

Analyzers for environmental monitoring often need special care and maintenance to achieve a continuously high 
quality of measurements.  Filters for dust analyzers need to be replaced every 2 to 4 weeks and air pollutant analyz-
ers require annual 5 point calibration (according to Austrian regulations) in addition to the calibration gas bottles, 
which have to be refilled regularly.  Every analyzer has its maintenance intervals, which may also depend on the ana-
lyzer’s location, because there is a difference if for example a dust-analyzer is set up in urban or in rural areas.  In 
downtown its filters need to be replaced at least every 2 weeks whereas in the country they will last 4 weeks.  Some 
countries allow considering the location in the maintenance plan (e.g. Switzerland), others do not (e.g. Austria).  

The concept of UWEDAT MaintenanceTool is based  

• on rules that make up the maintenance plan for each type of measuring device and  

• on resulting activities that are planned by the system for each analyzer in the whole network.   

A so-called network manager tells the system the maintenance rules for each type of analyzer, e.g. that an ozone ana-
lyzer needs new gas bottles and a 5 point calibration.  Then he creates a list with every analyzer of this type and their 
current locations.  Analyzers in the field may require a new gas bottle every month, whereas analyzers which are 
stored in a laboratory will not need them.  A 5 point calibration, however, may be reasonable for every analyzer, be-
cause even those stored in the lab should be tested to guarantee their operational readiness.  Knowing the rules and 
the analyzers, the system creates an MS Access database with the activities.  This database is copied to the client ap-
plication, which is used by service technicians who can now plan their maintenance tours and execute the scheduled 
tasks.  At the end of each tour, data is transferred back to the server application in order to know which activities are 
completed.  This data is the base for new maintenance tours and serves as quality information.  The following figure 
shows the client application: 
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Fig. 3: UWEDAT MaintenanceTool, Client 

So far, this program is only available in German, so the menu will be translated. 
Route Planner (Tourenplanung) helps planning a tour.  It shows which outstations need maintenance, where they 
are located, and what tools and spare parts will be necessary for this tour.  
Location of Devices (Geräteorte) helps keeping track of analyzers.  It shows a list of devices, their present and pre-
vious locations, what maintenance they need, and the status of their maintenance.   
Activities (Tätigkeiten) shows a timeline with a slider that helps the technician to determine which activities will ei-
ther be due or overdue at a specified time.  It also shows the date, when activities were completed.  Completed activi-
ties will automatically be rescheduled according to the device’s maintenance plan. 
Forms (Formulare) is the core of the MaintenanceTool.  This is where the technician finds his well known mainte-
nance sheets.  A user can easily integrate these sheets by creating corresponding Excel worksheets, like in Figure 6.  
The sheet only serves as an input form.  All data (type of device, series number, time, reference values, measured 
values …) is saved to the database.  Fields, which are saved to the database, need to have special names so the Main-
tenanceTool can find these fields.  Then the technician can fill out the form which behaves like an ordinary Excel 
sheet.  Previous maintenance sheets can also be viewed (archive), because values can not only be written from the 
Excel sheet to the database but also vice versa.  It is even possible to access data from previous maintenance sheets in 
the current sheet and create diagrams.  For instance, the difference between reference value (functional control unit / 
calibrator) and measured value (analyzer) can be monitored and analyzed.  It may be possible that the difference (in-
accuracy) is always around zero or that it drifts into one direction. 
Resources (Hilfsmittel) shows a list of resources for each device.  Not only lists, but also documents like service 
manuals in *.doc or *.pdf and pictures can be attached to a device. 
Data Exchange (Datenabgleich) exchanges data with the server database.  For example, new activities are trans-
ferred from the server to the client while completed activities or new device locations are sent from the client to the 
server.  The server database is implemented in Oracle while the client uses the MS Access format. 
Help (Hilfe) displays a help manual. 

UWEDAT MaintenanceTool has a user friendly interface, offers easy integration of new or existing maintenance 
sheets, and helps keeping track of analyzers.  It perfectly supports network managers to keep a high, continuous qual-
ity of measurements. 
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5. UWEDAT ServiceTool – Managing Analyzers 

ServiceTool is a software-tool for parameterizing and monitoring the UWEDAT-LAN station computer and analyz-
ers.  It can be connected to the station computer with RS232, telephone or GSM modem, or with LAN.  LAN offers 
the highest speed while modems make possible remote maintenance.  So this tool helps service technicians to inte-
grate new analyzers locally in an outstation on the one hand as well as diagnosing problems and changing parameters 
remotely from the office on the other hand.  It shows current measurements and time series of mean values, it indi-
cates which analyzers are installed and which are active, it allows you to change the analyzer’s parameters, and it is 
also possible to view messages from the station computer’s error reporting system.  The following figure shows the 
ServiceTool with a diagram of half hour mean values. 

 
Fig. 4: ServiceTool – Half Hour Mean Values Diagram 

The left side shows the main-functions, the window on the right side lists all devices, which are installed in the out-
station.  A yellow square beside the device name shows, that the device is turned on, a grey square indicates inactiv-
ity.  The main-functions are described below.  

Clicking “Connect” brings up the login screen with the phone book, showing the station-name, a short description, 
the phone number and the IP-address of each outstation.  The user has to select a station, the type of connection 
(LAN, modem, RS232), key in the password and press the Login button.  The connection will be established if the 
station-name and the password are correct.  Up to three connections are simultaneously possible, e.g. from the central 
host via modem and from ServiceTool via LAN.  In this case, the application, which connected first, has the right to 
change parameters.  All other applications can only monitor parameters and values. 
“Status” and “Station” show status information like the hardware and software status-bits of the station computer, 
system and restart time, and the version numbers of each software module.   
“Values” is used for monitoring analyzers.  It displays lists and diagrams of Final Values, Raw Values, Half Hour 
Mean Values and Variable Mean Values.  UWEDAT-LAN supports various types of value-processing like arith-
metical and vector mean, accumulation of all values, minimum and maximum value, and special types of wind proc-
essing which record direction and speed of maximum and average values,  according to local regulations.  Typically, 
mean values are build every half hour; however, a variable time frame down to one minute is possible too.  Half 
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Hour Mean Values of up to 35 devices and 28 days can be stored locally in the station computer’s power-failsafe 
memory.  
“Devices” (Analyzers) lets you edit device parameters that tell the station computer how to handle devices.  This in-
cludes the type of connection (CAN, RS232, Profibus …),  the protocol, the type of value processing, how to cali-
brate the device, the measuring signal range and how the (electrical) signal correlates with the final value (e.g. degree 
C).  Usually, this correlation is linear, but UWEDAT-LAN can use a polynomial curve with up to 5 coefficients as 
well to calculate the final value. 
“Calibration” shows a value list or a diagram of devices, which need to be calibrated regularly.  Calibration can be 
performed on the station computer; however, usually it is done by the central host because of better comprehension 
of the values. 
“Messages” brings up a list-view with error or informational messages like “Restart after power down” or “Device 
184 does not respond”. 
The next icon allows the user to execute commands like “Start calibration”, “Start Firmware Update” or “Start 
Maintenance Tool”. 

ServiceTool bundles all tools and functions, which are desirable for managing a station-computer, to one single pro-
gram with an intuitive user-interface. 

6. Conclusion 

UWEDAT is a comprehensive system which integrates all parts of an environmental monitoring network, where 
measurements are digitalized in an intelligent meter interface with a modern fieldbus (IMI-CAN), are parsed to a sta-
tion-computer with outstanding connectivity (UWEDAT-LAN) and a great managing tool (ServiceTool), and finally 
are transferred to a central host that offers various tools for data storage, analysis and representation.  This, however, 
is not where our system ends.  We are continually improving and extending UWEDAT to develop a tool-chain for 
decision support, which meets European and international standards for environmental data management. 
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