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PREFACE 
This is a Master of Science thesis in Space Engineering program at the Luleå University of 
Technology, the Department in Kiruna. The work was carried out through the Department of 
Radiation Sciences, of the Uppsala University. The task contained two parts, development of 
a cooling control system and evaluation of radiation hardness of a pressure sensor. Most of 
the time was spent at CERN, one week in May for learning PVSS II, and then 5 months 
between July and December. One additional week was also spent in Uppsala in June in 
preparation for the radiation hardness tests. 
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ABSTRACT 
A new particle accelerator, called the Large Hadron Collider (LHC), is currently under 
development at CERN in Geneva. It will be the most powerful accelerator in the world, 
allowing protons to collide at an energy of 14 TeV. Of the four experiments to be performed 
at the LHC, ATLAS is one of the two largest. The detector and each of its subdetectors need 
to be controlled by a Detector Control System (DCS). A DCS is built up by many units, both 
hardware and software. The top software layer is the SCADA (Supervisory Control And Data 
Acquisition) system, which interfaces operators to the control system as well as performing 
automatic monitoring and control. 
 
This master thesis focuses in particular on the DCS for one of the ATLAS subdetectors, the 
Semiconductor Tracker (SCT). The task was divided into two parts. The first was to 
implement a control system for the Pixel/SCT cooling system, used for studying the 
performance of the first full-scale system currently being developed by the ST group at 
CERN. This included setting up hardware and developing a software SCADA system using 
PVSS II. The second task was to evaluate a barometric pressure sensor, a Lucas NovaSensor 
NPP-301, for radiation hardness. 
 
A control system has been set up, using ATLAS DCS standard components, such as ELMBs, 
CANbus, CANopen OPC server and a PVSS II application. The system has been calibrated in 
order to correct for electronics imperfection. The maximum temperature error is now ∼0.7° C. 
The developed system is running stable but there are further needs for development, such as 
dynamic configuration of datapoints at start-up and conforming datapoints entirely to SCT 
DCS standard. It was also found that the pressure sensor is radiation hard up to a radiation of 
2·1014 1 MeV neutron equivalents/cm2. 
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SAMMANFATTNING 
Vid CERN i Genève är en ny partikelaccelerator under utveckling, Large Hadron Collider 
(LHC). I den kommer protoner att kunna kollidera vid en energi av 14 TeV. Det kommer att 
göra LHC till den mest kraftfulla acceleratorn i världen. Av de fyra experimenten vid LHC, är 
ATLAS ett av de två största. Detektorn och dess subdetektorer kommer att kontrolleras av ett 
detektorkontrollsystem (DCS). Ett DCS är uppbyggt av både mjukvara och hårdvara. Den 
högsta nivån i systemet är mjukvara för SCADA (Supervisory Control And Data 
Acquisition). Det utför både övervakning och kontroll av detektorn samtidigt som mjukvaran 
innehåller ett användargränssnitt för en operatör. 
 
Detta examensarbete fokuserar på detektorkontrollsystemet för SCT (Semiconductor 
Tracker), en av ATLAS subdetektorer. Uppgiften innehöll två delar. Den första var att 
utveckla ett kontrollsystem för Pixel/SCT detetektorernas kylsystem. Kylsystemet utvecklas 
av ST-gruppen på CERN. Uppgiften inkluderade installation av hårdvara och utveckling av 
ett SCADA system i programpaketet PVSS II. Den andra uppgiften var att göra en 
utvärdering av en trycksensor, Lucas NovaSensor NPP-301, för strålningshärdighet. 
 
Ett kontrollsystem innehållande ATLAS DCS standardkomponenter, såsom ELMB, CANbus, 
CANopen OPC-server och en PVSS-applikation har utvecklats. Systemet har kalibrerats för ej 
perfekt elektronik till ett maximalt temperaturfel på ∼0.7° C. Det utvecklade systemet går 
stabilt men det behöver fortfarande utvecklas, t.ex. dynamisk konfiguration av datapoints vid 
start och anpassing av datapoints till SCT DCS-standard. Utvärderingen av trycksensorn 
visade att den är strålningshärdig upp till 2·1014 1 MeV neutronekvivalenter/cm2. 
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1 INTRODUCTION 

1.1 CERN 
CERN, or the European Laboratory for Nuclear Research, in Geneva is the world’s largest 
physics research centre. At CERN, situated on the border between Switzerland and France, 
more than 3000 people are employed. In addition, 6500 visiting scientists, from 500 institutes 
from all over the world, use the CERN facilities for their research. The laboratory, which 
when it was founded in 1954 had 12 member states, now has 20 member states and 8 
observers. 
 
Most of the research at CERN is done with the help of the particle accelerator complex shown 
in figure 1 [1]. There particles are accelerated to extremely high velocities, to just under the 
speed of light, and then brought to collide with each other or with targets. In these collisions 
new particles are created where the energy in the particle beam is converted to new particles, 
according to Einstein’s equation E = mc2. The accelerated particles can be, for instance, 
electrons, positrons, protons, antiprotons and heavy ions (nuclei of oxygen, lead, etc.). They 
are usually produced and pre-accelerated by the smaller accelerators such as the linear 
accelerators and the Proton Synchrotron (PS). After this the particle bunches are injected into 
the Super Proton Synchrotron (SPS) before being injected into the LEP/LHC (see below).  
 

 
Figure 1: The CERN accelerator complex. 

 
The Large Electron Positron collider (LEP), started in 1989, collided electrons and positrons 
until autumn of 2000. It is located ∼100 metres underground in a 27 km long circular tunnel. 
Since October 2000 LEP has been dismantled and all equipment has been removed from the 
tunnels. It is to be replaced by a new accelerator, the Large Hadron Collider (LHC). 

1.2 The LHC 
CERN’s governing body, the Council, approved the LHC in December 1994. The new 
accelerator is scheduled for start in 2006. In the LHC, protons will be accelerated in bunches, 
up to an energy of 7 TeV, each bunch containing many million particles. The beams will be 
guided by an 8.4 T magnetic field [2]. The field needs to be created by superconducting 
magnets, held at a temperature of 1.9 K. At four collision points along the accelerator, the 
beams will be brought together creating head-on collisions. The collisions will take place 
every 25 ns, i.e., 40 million collisions/s, at a total energy exceeding any other accelerator ever 
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built, 14 TeV. The luminosity, which is the rate of interaction/s per unit area, used to define 
the performance of the collider, will also be larger than for any other accelerator, with a 
maximum of 1034 cm-2s-1. The collisions will recreate the conditions in the early universe, just 
10-12 s after the Big Bang, when the temperature was some 1016 K. Four detectors, ATLAS, 
CMS, LHCb and ALICE, will be placed at the collision points. A schematic drawing of the 
LHC and the two largest experiments is shown in figure 2. 
 

 
Figure 2: The Large Hadron Collider. The collision points where the CMS and the ATLAS detectors will 
be placed are indicated. 

1.2.1 LHC physics 
The goal of the LHC is to confirm the remaining unverified part of the Standard Model, the 
Higgs mechanism, which is believed to be the origin of mass. It can be experimentally 
detected by observation of the Higgs boson. According to experiment and model constraints 
the mass of the boson should be in the region 100 – 800 GeV. The region below 100 GeV has 
been probed by LEP without finding evidence of the Higgs particle. The need for a more 
powerful accelerator is obvious, and in order to produce detectable rates of interesting events 
there is a need for high luminosity. The experiments, ATLAS and CMS, need to be sensitive 
to the following decay channels in order to detect the Higgs (l = e or µ). 

90 GeV < mH < 150 GeV: 

H → ZZ* → 4l 

130 GeV < mH < 2mZ: 

H → ZZ → 4l or 2l + 2ν 

mH > 2mZ: 

H → WW or ZZ → l + ν + 2 jets or 2l + 2 jets, 
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where mH is the mass of the Higgs boson and mZ is the mass of the Z-particle, ∼91 GeV. 
ATLAS and CMS will also try to confirm Supersymmetry, which is a theory beyond the 
Standard Model. The theory predicts the existence of partners for all the quarks, leptons and 
gauge bosons of the Standard Model. Some of these supersymmetric partners, squarks, 
sleptons and gauginos, should be within a mass range reachable by the LHC. If these so called 
sparticles exist, the LHC will also be capable of making precise mass measurements and 
determining parameters of the supersymmetric model. For more information, see [3]. 
ATLAS, CMS and LHC-B will also study CP-violation. CP-violation is believed to solve the 
mystery of why there is more matter than antimatter in the universe. The experiments 
examine the B-meson, composed of a d- and a b-quark, and the meson’s antiparticle. CP-
violation is believed to be easily visible in the B-meson system but has not been confirmed 
yet [4]. 

1.3 ATLAS 
The ATLAS (A Toroidal LHC Apparatus) detector, shown in figure 3, is one of the two 
largest experiments at the LHC. It will be approximately 20 metres high, 44 metres long and 
weigh 6000 tonnes. The detector is built by the ATLAS collaboration, consisting of some 
2000 physicists and engineers from 150 institutes all over the world. The development and the 
construction of the detector are not only carried out at CERN but as a globally distributed 
project. The ATLAS detector can be divided into several subsystems, the magnet system, the 
trigger system and the three subdetectors, the Inner Detector, the Calorimeter and the Muon 
chambers [5]. 
 

 
Figure 3: The ATLAS detector with its different parts. Note the size, illustrated by the two persons on the 
floor. 
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• The magnet system 
In any particle detector a magnetic field is necessary for measuring the momentum of 
charged particles. The ATLAS magnet system consists of a central solenoid and a 
larger outer toroid. Muons will be measured in the toroidal field and other charged 
particles in the solenoidal. Since the muons are the only particles penetrating the 
hadron calorimeter (except neutrinos), they are the only particles measured in the 
toroidal field. 

• The Inner Detector 
The purpose of the Inner Detector (ID) is to determine the trajectory of charged 
particles. From this the momentum of the particles and the vertex (the origin of 
decaying particles) can be calculated. The ID is divided into three subdetectors: the 
innermost Pixel detector, the Semiconductor Tracker (SCT) in the middle and the 
Transition Radiation Tracker (TRT). The inner layers of the ID perform high-
resolution tracking and pattern recognition of particles. Continuous tracking is used in 
the outer radii. 

• The Calorimeter 
The calorimeter will measure the energy of electrons, photons and hadrons, as well as 
missing transverse energy. It is divided into a hadronic calorimeter and an 
electromagnetic calorimeter. While the hadronic part will identify jets and measure 
their energy and direction, the electromagnetic calorimeter will measure the electrons 
and photons. 

• The muon chambers 
The detector system consists of muon-chamber planes before, inside and after the 
toroidal field. The muon detector measures the direction and momentum of the muons. 
It generates the main 1-level trigger in ATLAS. 

• The trigger system 
Since the collision rate is very high in the LHC all data cannot possibly be stored. The 
trigger system will select the important events for storage and further analysis. The 
ability to produce interesting physics results will be highly dependent on this system. 
The selection is done in a 3-level trigger, which has to reduce the event rate by a factor 
∼106. The input event rate will be of the order of 40 MHz, and after the level 3 trigger 
the data rate should not exceed 100 Hz. If the trigger system is not working correctly 
from the beginning, valuable data and results will be lost. 

1.4 SCT 
The SCT is physically divided into four barrels (the barrel detector) and 9 disks (the forward 
detector) [6], covering different rapidity regions. The detector can also be divided into a 
hierarchical structure. 
• The SCT subdetector is a part of the ATLAS Inner Detector and is located between the 

Pixel subdetector and the TRT subdetector. 
• A section is a cylinder in the barrel or a disk in the forward detector. A section can be 

installed and controlled as one unit. 
• A sector is a part of a section, which can be controlled autonomously. 
• The modules are elements of a sector and consist of four silicon microstrip detectors. 

There can be 10-12 modules per sector. The modules contain the read-out electronics and 
are what detect the particles in the SCT. Particle tracks need to be separated by at least 
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∼200 µm in order to be distinguished. In total, the barrel and the disks contain 61 m2 of 
silicon detectors, with 6.2 million read-out channels. 

 
The radiation levels inside the SCT will be extremely high, up to 2·1013 1 MeV equivalent 
neutron fluence/cm2 per year and an ionising dose of maximum 10 kGy/year. This gives 
problems with degradation of the silicon detectors and the electronics performance. Since the 
effects of radiation damage is decreases with temperature, the operating temperature average 
will be kept at –7 °C.  

 
Figure 4: The Inner detector. The SCT, placed between the Pixel detector and the TRT, is divided into the 
barrel detector and the forward detector. 

1.5 Task description 
This thesis focuses on the Detector Control System (DCS) of the SCT. It is divided into two 
separate tasks: 
 

• Cooling control system 
Development of a control system, for the phase II tests of the ATLAS Pixel/SCT 
subdetector cooling system. This included setting up hardware, developing a PVSS II 
control application and calibrating the system. This is the major task of the thesis. 
 

• Radiation effects on barometric pressure sensor 
A first evaluation of radiation hardness of a pressure sensor was to be performed. The 
goal was not to make a detailed study of the degradation of all parameters in the 
sensor, but give an indication of the sensor performance after radiation. 
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2 THE SCT DCS 
The task of the Detector Control System (DCS) in the SCT is to control and monitor the 
components and the environment. The SCT DCS will also be connected to the global ATLAS 
DCS and the SCT DAQ system (Data Acquisition system: collects physics data). The control 
system for the SCT is developed by a group within the Department for Radiation Sciences at 
the Uppsala University. The SCT DCS will follow general ATLAS DCS system architecture 
as closely as possible (see section 3.2). This way, the system will be easy to maintain in the 
future by any DCS expert. 
 
The main functions of the SCT DCS are [7]: 

• safety and emergency; capability to send warning, alarm and interlock signals. 
• monitoring; read-out of analogue and digital status signals. 
• diagnose; send test signals to components and analyse the response. 
• control; control of analogue and digital status signals. 
• interface; connecting the SCT DCS to ATLAS DCS and the DAQ, as well as 

providing an interface for users. 
• logging; saving data from the various SCT DCS subsystems. 

 
The main components of the DCS, as depicted if figure 5, are [8]: 

• high voltage power supply. 
• low voltage power supply. 
• interlock system. 

The interlock system is the most important part of safety in the DCS. It creates a fast 
hardwired path between the cooling system and the LV power supplies. The system 
senses the temperature on the cooling pipes. If the temperature reaches a certain 
threshold, the system turns off the power supplies by generating a logical signal. 

• environment monitoring. 
The temperature will be measured on the modules, on the cooling pipes, in the air 
inside the detector, on the mechanical structure and on the thermal enclosure. 
Humidity and barometric pressure will be monitored in the air. 

• alignment system. 
The alignment system bridges the gap between the expected assembly precision of the 
SCT (and the ID) and the required spatial resolution. The system will determine the 
position of detector elements. One-dimensional absolute length measurements will be 
made by counting interference fringes whilst scanning the laser frequency, i.e., by 
Frequency Scanned Interferometry (FSI) [9]. The measurements will then be 
combined into an overconstrained three-dimensional geodetic grid and the positions of 
the elements computed. 

• cooling system. 
The cooling system will be described in chapter 3.1. 

• Local Control Station (LCS). 
The LCS is the interface between the SCT DCS and the global ATLAS DCS and the 
SCT DCS and the SCT DAQ. The SCT DCS can, however, be run in stand-alone 
mode. The LCS connects to other parts of the DCS via CANbus, Local Area Network 
(LAN), etc. 
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Figure 5: Partitions of the SCT DCS. The main LCS interfaces the DCS to the ATLAS DCS and the DAQ 
system. The other three LCSs control a specific partition of the SCT. The hardwired interlock connection 
is marked with arrows. 
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3 PHASE II SCT/PIXEL COOLING CONTROL SYSTEM 

3.1 Pixel/SCT cooling system 
The task of the cooling system is to remove the heat dissipated by the SCT and Pixel detector 
modules whilst maintaining them at a temperature not higher than -7 ºC [10]. The SCT and 
the Pixel cooling systems will be operationally independent. However, a common technical 
solution has been chosen. The technique is based on evaporating a flow of C3F8 inside a duct 
in thermal contact with the modules. The SCT cooling staves will in the barrel region have a 
structure as in figure 6. Each cooling stave will cool 12 modules. The dissipated power is 
expected to vary in time, creating the need for control of the C3F8 mass flow rate. Otherwise 
one of the following two undesired effects may occur: 

a) if the flow is insufficient, evaporation will cease before the end of the stave and 
therefore the temperature of the last modules will be higher. 

b) if the flow is excessive, evaporation will continue in the exhaust outlet outside of 
the thermal enclosure, removing heat where the dew point is relatively higher and 
condensation may occur.   

Especially insufficient cooling may be devastating for the detector modules, which dissipate 
up to 6 W. The leakage current in silicon sensors depends on temperature. Hence, insufficient 
cooling will further increase leakage current and temperature. A detector module damaged by 
radiation can suffer thermal run-away in less than 60 seconds if cooling fails, and thus cause 
fatal damage. 
 
Flow regulation is done by a PLC (Programmable Logical Controller) or an ELMB. The 
device monitors temperatures S3 and S4, and as long as S3 is equal to the evaporation 
temperature in the staves, it is possible to ensure that liquid reaches the last module. Similarly, 
while the temperature at S4 is higher than the evaporation temperature, all liquid-remains 
coming out of the staves are completely evaporated in the exhaust heater (see figure 15). 
Thus, the flow of liquid is adjusted to be just enough to evaporate completely in the heater 
between these two points. The controlling device accomplishes this by opening or closing a 
pressure regulation valve at the inlet. This action will be implemented through a closed 
control loop, possibly of PID type.  

 
Figure 6: Layout of a barrel cooling circuit.  ‘M’ symbolises modules attached to the cooling staves. The 
sensors S1 to S6 measure the temperature along the staves. The heat exchanger evaporates the remaining 
liquid. 
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3.1.1 Phase II testing 
The Pixel/SCT cooling system is currently in phase II of testing. For this purpose a sizeable 
cooling system has been created, representing one eighth of the final system. It includes 6 
cooling circuits, as in figure 6, and 6 small Pixel circuits, all placed in a coldbox having the 
approximate foreseen temperature of the two detectors. The circuits are fed with C3F8 from a 
cooling plant. “Dummy” ceramic heat resistances are attached to the cooling pipes in order to 
simulate the heat dissipated by the real detector modules. During phase II the inlet pressure is 
controlled by a PLC according to the control looped explained above. 
 
For the phase II testing, the cooling circuit was integrated with the services mock-up of the 
ATLAS inner detector, representing a full-scale quadrant of the ATLAS detector (see figure 
7), in order to ensure realistic length of pipes and hydrostatic pressures.  
 

 
Figure 7:  The coldbox (silver box in the middle) and the mock-up towering up behind it. The pipes 
wrapped in black insulation transport the C3F8 from the cooling plant (top of picture), 6 metres above 
ground level. 
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The goal of the phase II testing is to demonstrate the operation and confirm the principles of a 
C3F8 evaporative cooling system at realistic conditions (e.g., geometry, heat load, control). 
This means: 

• testing cooling with realistic pressure drop, hydrostatic pressure, resistance and heat 
losses in pipes. 

• testing manifolding staves with different heat loads (during Phase I only one stave was 
present). 

• test equipment, e.g., compressor, PLCs, I2P-converters. 
• carrying out risk analysis (FMEA – Failure Mode and Effects Analysis). 
• studying thermal transient behaviour (start-up and shutdown). 
• testing DCS. 

3.2 ATLAS DCS 
The central ATLAS DCS team has developed and decided about a number of components to 
be used in a subdetector DCS. These can be seen in figure 8. The sensors are decided by each 
subdetector group according to their needs. All components are described in detail in the 
following chapters. 
 
The sensor will sense, for instance, a temperature, which will be converted into a digital 
number by the ELMB’s ADC. When the PVSS II application requests a new value, the 
ELMB will send it on the CANbus, through the LCS’s CANbus interface card to the CANbus 
master, the OPC server. The OPC server will then present the value to the PVSS II 
application, which controls the value for alarm limits, archives it and displays it to the system 
operator. 
 
Hardware components included in the ATLAS standard are the ELMB, CANbus and the 
LCS, an IBM compatible PC. The CANbus interface card will be included, but is still under 
evaluation, and in the meantime the National Instruments PCI-CAN/2 CAN controller card is 
used. Hardware components not included in the standard are the sensors. Standard software 
components are the CANbus protocol CANopen, the OPC server and PVSS II.  
 

 
Figure 8: Proposed layout of an ATLAS subdetector DCS control system, with standard components. 

3.2.1 The ELMB 
The task of the front-end I/O system is environment monitoring and controlling. For this 
purpose, a general system, the Embedded Local Monitor Board has been developed [11]. The 
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ELMB is a piggy board the size of two credit cards, with digital I/O lines, as well as analogue 
input lines and local intelligence. It has been designed for use outside the calorimeter. This 
means that the ELMB tolerates radiation up to 5 Gy and 3·1010 neutrons/cm2, which is more 
than the expected dose in 10 years outside the calorimeter, and a magnetic field of 1.5 T. 
 

 
Figure 9: Block diagram of the ELMB. The right block shows the optional 64 channel ADC. In the centre 
are the main components, including master and slave processors, RAM and EEPROM memory and a 
CAN controller. On the far right are the CAN transceiver and the CANbus cable. 

Characteristics of the ELMB 
The ELMB contains an AVR Atmega103 micro controller, as well as a second micro 
controller AT90S2313 used for in-system programming and monitoring functions. For 
communication a CANbus transceiver, PCA82C251, is available. Dip-switches are used to set 
the baud rate and the CAN identifier (see chapter 3.2.2). The board has a number of digital 
I/O lines and also analogue input lines. The latter are used by the built-in 8 channel, 10-bit 
ADC. As an option, a 64 channel multiplexer with a 16+7 bit ADC is available, which plugs 
in on the backside of the ELMB. In a later version a DAC will be offered, thus giving the 
ELMB some more control abilities. The size of the ELMB is 50x66 mm. 
 
The optional ADC has three parameters that can be set: 

• The conversion rate has 8 possibilities: 1.88, 3.76, 7.51, 15.0, 30.0, 61.6, 84.5 and 
101.1 Hz. 

• The input voltage range can be 25, 55, 100 or 1000 mV. 
• It is possible to operate the ADC in two measurement modes, unipolar and bipolar. 

In unipolar mode the digital output word is between 0 and 65535, and in bipolar it is 
between –32768 and 32767. 
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Figure 10: Layout of the ELMB. The left picture shows the ELMB boards top side with microprocessors 
etc., and the right shows the bottom side containing the optional ADC. The bottom picture shows a 
schematic of the ELMB attached to a motherboard. 

Motherboard 
A motherboard is available for testing purposes and for interfacing the ELMB to external 
sensors. It contains connectors for the ADC inputs, the CANbus, the digital I/O ports, power 
and for the adapters.  
 
The adapters are PCBs containing resistors or attenuators, each servicing four ADC input 
channels. There are different adapters depending on the type of sensor connected. 

• Resistance Temperature Detector (RTD) sensors (thermistors) (e.g., NTC 10k or 
Pt1000 2-wire), or any sensor where the resistance changes as a function of the 
parameter to be measured. The adapter contains four resistors (one for each channel), 
each creating the needed current, allowing the resistance to be measured as a voltage 
by the ADC (see figure 11).  

• Differential attenuator. Sensors that output a voltage outside the ADC range can still 
be measured using a differential attenuator. The attenuator attenuates the sensor’s 
output voltage to the desired input voltage range of the ADC (see fig. 12). 

 

 
Figure 11: Principle of 2-wire measurements with an ELMB ADC. 
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Figure 12: Principle of differential attenuator attached to the ELMB ADC. 

3.2.2 CANbus 

Fieldbuses 
Fieldbuses are widely used in the industry, typically for connecting intelligent devices and 
sensors to, for instance, a PC. The main advantages of using a fieldbus, compared to cabling, 
are its ease of use, simplified wiring and maintenance. However, using a fieldbus gives higher 
complexity concerning communication protocol, diagnostics etc. 
 
At CERN there are three recommended fieldbus standards [12]: 

• CAN 
• Profibus 
• Worldfip 

These have been chosen for several reasons: their reliability, availability of inexpensive 
controller chips, ease of use and wide acceptance by industry. The standard chosen by the 
ATLAS groups is CAN. 

CANbus - overview 
The Controller Area Network (CAN) was developed in the 1980s and was primarily intended 
for use by the car manufacturing industry [13]. In 1993 it became an international standard. In 
order to facilitate future development, a non-profit organisation was founded in 1992, with the 
name CAN in Automation (CiA). The bus standard is now increasingly used in industrial 
applications and has a wide acceptance by industry and research laboratories.  
 
The standard itself specifies only the two lower layers of the ISO reference model, the 
physical layer and the data link layer. Therefore, different application layers have been 
developed. The CANopen standard described below is the one chosen by CERN. CAN is 
expected to be available for a long time, much due to the requirements of the automotive 
industry. It is also suited for sensor read-out and control functions in a distributed system. 
More information on the CANbus hardware can be found in [14]. 
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Bit rate [kbits/s] Cable length [m]

10 6700
20 3300
50 1300

125 530
250 270
500 130

1000 40 
Table 1: Recommended bit rates vs. cable lengths. 

CAN - Hardware 

Communication modes 
Each message sent on the CANbus is assigned an identifier, which uniquely identifies its data 
content. When a node wants to transmit data it passes the data and identifier to its CAN 
controller. The controller then sends the data in the form of a CAN frame. Once the node has 
gained access to the bus, all other nodes become receivers. Each receiver performs an 
acceptance test to determine if the data is relevant to itself. This mode of communication 
allows not only messages to be sent between two nodes, but also broadcasting of messages. 
The mode does not require interaction from a bus master or arbiter, which is the usual case for 
fieldbuses. 

Message format 
A CAN message is built up by an identifier field and the data field (plus error, 
acknowledgement and CRC fields). The identifier field determines which node gains access 
to the bus and which is to receive the data. If a node is not programmed to receive messages 
with the same identifier as the transmitted message, it will not receive the data. This 
determination is usually done by the CAN hardware and is known as acceptance mask 
filtering.  
 
The RTR (Remote Transmission Request) bit is used to request a transmission of data. If the 
bit is set, the data field contains no bytes, but a node accepting the identifier will send a 
message with data bytes in reply. 
 

 
Figure 13: CAN frame format (standard frame CAN spec 2.0 A). 

Arbitration 
In order to decide which node gains access to the bus, CAN uses Carrier Sense Multiple 
Access with Collision Detection (CSMA/CD). A priority scheme using numerical identifiers 
is used in order to resolve communication collisions. On the bus, a logic 0 is the dominant bit 
and overwrites a logic 1. When a node wishes to transmit a message, it senses the bus. If there 
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is no activity, it starts to send. The node continues to monitor the bus levels during the 
transmission. If node A transmits a logic 0 and node B a logic 1, the bus level will be logic 0. 
Node B will sense this and try to retransmit its message once the bus is free again. This means 
that no bandwidth is wasted during the arbitration process. 
 

 
Figure 14: CANbus arbitration (non-destructive arbitration). 

Message acknowledgement and error checking 
CAN does not use acknowledgement messages which waste bandwidth. Instead, a receiver 
who receives a message correctly acknowledges it by transmitting a dominant bit in the ACK 
slot. Since the transmitter is monitoring the bus levels, it will know that the message was 
received correctly. All nodes check each frame for errors. If a node detects an error it will 
actively signal this to the transmitter. This means that a CAN system has network wide data 
security as a transmitted frame is checked for errors by all nodes. 

CAN - Software (CANopen) 
In order to define how the CAN message frames identifier bits and data bytes are used, a high 
level protocol needs to be specified [15]. This is needed, for instance, when building CAN-
based automation systems containing devices from different manufacturers. The devices need 
interoperability and interchangeability and thus a standardized communication system, device 
functionality and system administration. By specifying an application layer and ‘profiles’ this 
can be achieved. CAL (CAN Application Layer) developed by Philips Medical Systems does 
this, but not completely. It provides the communication facilities, but it does not define the 
contents of messages sent. CAL was nevertheless adopted by CiA, and developed further into 
CANopen.  

The Object Dictionary 
Central feature of CANopen is the Device Object Dictionary (OD). It is an ordered grouping 
of objects, grouped by index (16 bits) and sub-index (8-bit). The general layout is shown in 
table 2. 
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Index Object 
0000 Not used 
0001 – 001F Static Data Types (e.g., Boolean, Integer16) 
0020 – 003F Complex Data Types (predefined structures composed of standard data types) 
0040 – 005F Manufacturer specific complex data types 
0060 – 007F Device profile specific static data types 
0080 – 009F Device profile specific complex data types 
00A0 – 0FFF Reserved for further use 
1000 – 1FFF Communication profile area (e.g., device type, error register) 
2000 – 5FFF Manufacturer specific profile area 
6000 – 9FFF Standardised device profile area (e.g., DSP-401 device profile for I/O) 
A000 – FFFF Reserved for further use 

Table 2: General CANopen Object Dictionary structure (Index in hexadecimal numbers). 

For every node there is an OD. It exists mainly in the form of a database. The OD describes 
the device and its network behaviour. 

Message types 
There are four types of messages defined: 

1. Administrative message: 
Messages provide features for initialisation, configuration and supervision of the 
network. 

2. Service Data Object (SDO): 
Provides for a node to access entries of another node, for instance, settings of a node’s 
ADC. 

3. Process Data Object (PDO): 
The PDO is used to transfer real-time data. The data are always transferred between one 
sender and one or more receivers. A PDO can have synchronous (data are sent on 
receipt of a SYNC object) or asynchronous transfer mode (transmission triggered by an 
RTR or by a specified event). 

4. Predefined messages or Special Function Objects 
o Synchronization (SYNC) 

Triggers PDOs to be sent or synchronizes tasks network-wide. 
o Emergency 

Triggered by the occurrence of a device internal error. 
o Node/Life guarding 

Node guarding: The network master monitors the state of the nodes. 
Life guarding: The nodes monitor the state of the network master. 

3.2.3 OPC server 
Some intermediate software is required in order to connect the SCADA system (see below) 
and the CAN nodes. This can be, for instance, a driver or an OPC server. The ATLAS DCS 
group has chosen the OPC server. Each new hardware device or network, needs specific code 
to talk to it, a software driver. OPC deals with the problem that each software driver also 
presents a different software interface to the calling application [16]. This creates the need for 
each application to contain a unique piece of code in order to connect to each driver. If a 
software driver is implemented as an OPC server, the calling application (the OPC client) 
only needs to know how to get data from this server. All objects are accessed through 
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interfaces, which is the only thing the client sees. A client can connect to several servers, and 
a server can serve several clients.  

The CANopen OPC server 
Commercial OPC servers are available, but they are all based on special hardware interfaces 
and only support a limited subset of the CANopen protocol. Therefore, a custom OPC server 
has been developed [17], meant for usage throughout the ATLAS experiment. This server 
follows the CANopen protocol, and is the master of the CANbus. The server comes in one 
package but is divided into two major components. First, there is a hardware independent 
part, which implements all OPC interfaces and the main loops handling communication with 
external applications. The second part is hardware dependent and acts as the driver for the 
CANopen buses. This component has two main loops. The first loop is used to listen on the 
CANbus and to receive data and cache it. The second sends SYNC messages on the bus 
periodically (SYNC-rate). The CANopen OPC server is configured dynamically at start-up 
from a configuration file. In this file the bus, the nodes and the objects they can send/receive, 
have to be defined. 

3.2.4 PVSS II 

SCADA systems 
SCADA systems are usually commercial software and are used extensively in industry for 
supervision and control of industrial processes [18]. Most systems run on Windows platforms. 
However, they generally provide a flexible, distributed and open architecture in order to allow 
customisation for a particular application. Implementing a SCADA system typically means to 
connect to other software and hardware, which is why these systems often provide a set of 
standard interfaces. The tasks for a SCADA system are often: 

• to require and archive data. 
• to handle alarms. 
• to provide control mechanisms. 
• to interface a control system to operators. 

 
The SCADA system chosen by CERN, to be used throughout the LHC project, is PVSS. It 
was first developed in 1987 as a one-man operation in Austria, and has since been used in a 
wide range of applications. The current version is PVSS II, and it is still under great 
development by the Austrian company ETM. 
 
Some of the features are as follows [19]. 

• Can be run on Windows NT/2000 platforms, as well as on Linux. 
• Managers can be run on different machines. 
• An API allows access to all features of PVSS from external applications. 
• Supports the OPC standard. 
• Flexible object oriented datapoint concept. 
• Graphical programming tool. 
• Control programming in a scripting language similar to C. 
• Data acquisition, archiving and real-time trending. 
• Alarm handling and archiving. 



Development of the control and monitoring system for the  
 ATLAS Semiconductor Tracker  
 

___________________________________________________________________________ 
2001-12-05 Per-Olof Wallin  18

Managers 
A PVSS system is divided into different managers. Each manager is a separate program, run 
from within the PVSS control panel, and performs its specific task. The communication 
between the managers is done by the client/server principle. It is possible to have different 
managers running on different computers. Communication is then done via TCP/IP. 

• The event manager is the central part of a PVSS system. It receives messages from 
the other managers, evaluates them and distributes them. 

• The archiving is taken care of by the database manager. It also performs evaluations 
and creates reports on the data. 

• The driver interfaces PVSS to the periphery. It can be, for instance, an application to 
connect PVSS to an OPC server (an OPC client) or a device driver in the form of a 
Windows Dynamic Link Library (DLL). 

• A user needs a user interface manager (UIM) in order to connect to a PVSS system. 
The manager takes care of the visualisation of process status and forwarding of user 
input. 

• Control is PVSS II’s own scripting language. It has multitasking capabilities and can 
concurrently process several event-driven function blocks. 

• The API is used to integrate external programs in PVSS II. 
 
 

 
Figure 15: Overview of the PVSS II managers and layers. 

Datapoints and alerts 
The central part of a PVSS application is the datapoint. The datapoint is an object and reality 
oriented software representation of a process component. The component can, for instance, be 
a temperature sensor or a complex component, like a valve. In the example in figure 15, the 
valve datapoint is a structure, i.e., a general container for all the valve’s attributes. 
Hierarchically lower in the tree structure are the different elements that describe the state of 
the valve. Some of the elements are connected to their physical counterpart (via a peripheral 
address), and others are based on calculations or user settings. This way, process variables 
that belong together from a logical point of view are also combined to form a hierarchically 
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structured datapoint. One of the main tasks of a SCADA is to monitor process variables and 
warn if the variable values are out of a certain predefined range. In PVSS, if a value is outside 
its range, an alert is generated. It is possible to assign different ranges for alerts with different 
severity. Defined severity levels could be, for instance, normal, high and fatal. It is also 
possible to assign different priorities to different types of alarms. In the previous example, a 
‘fatal’ alert would have a higher priority than a ‘high’ alert. 
 

 
Figure 16: Example of a datapoint structure in PVSS II. 

Graphical Editor 
In order to present process data to a user, a user interface must be developed. This is done 
with the Graphical Editor module (GEdi). In the GEdi module it is possible to create panels 
containing objects, such as buttons, tables and trends. These objects can then be programmed, 
also by using the GEdi, in the scripting language developed by ETM. 

3.3 Cooling control system components 
The sensors used in the system are temperature sensors, pressure sensors and a humidity 
sensor. Thermistors are used to measure the temperature. A thermistor is a resistor whose 
resistance changes with the temperature. By knowing the current sent through the thermistor, 
and by measuring the voltage across it, one can calculate the resistance and hence the 
temperature. 
 
The control system that has been developed contains: 

• 37 NTC 10k sensors (10 kΩ at 25 °C).  
This thermistor type has a negative thermal coefficient, making the resistance go up 
when the temperature goes down. Furthermore, its conversion formula is logarithmic 
(see below). 
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• 165 Pt1000 sensors (1000 Ω at 0 °C). 
The Pt1000 sensor is a linear temperature sensor, made of a thin platinum film on a 
ceramic substrate. Its resistance increases with the temperature.  

• 15 Sensortechnics BT7000 pressure sensors. 
The pressure sensor outputs a voltage linearly dependent on the input pressure. 

• 1 humidity sensor. 
The output voltage of this sensor is linearly dependent on the input humidity. 

• 6 ELMBs with ADC. 
• 1 shielded CANbus, ~30 metres long, running at 250 kbits/s. 
• 1 Local Control Station (PC with 800 MHz Pentium III and 256 MB internal memory) 

containing: 
o Windows NT 4, service pack 5. 
o 1 National Instruments PCI-CAN/2 CAN controller card. 
o CANopen OPC server version 2.0. 
o PVSS version 2.11.1 SE. 

3.4 PVSS application 
This application will provide the framework for future PVSS II applications for the SCT 
DCS. It contains two user interfaces, a datapoint structure and several panels for configuration 
of the system. In the first user interface the sensor values are all shown in a table. It will be 
referred to as “The table interface”. The second interface takes the form of the physical layout 
of the cooling circuits, “The circuit interface”.  

3.4.1 Datapoint structure 
In the datapoint structure that was created, each sensor has a unique name. Several levels 
build up the naming structure of the sensors, depending on which layer, stave, etc the sensor 
physically belongs to, e.g., Layer01.Stave01.StavTemp01. The sensors were given such 
names as StavTemp, BackPres, etc, depending on each sensors characteristics.  
 
Every ELMB in the system is also represented in the software. One ELMB datapoint contains 
64 ADC channel datapoints as well as datapoints representing the ADC settings. This 
structure is necessary in order to connect the SCADA system to each ELMB. All such 
channel datapoints fetch values from their corresponding physical counterparts, via the OPC 
server and the CANbus. Each sensor datapoint then calculates its physical value (e.g., 
temperature or pressure) from the raw values supplied by the ELMB channel datapoints. The 
connection of the sensor datapoints to the corresponding ELMB channel datapoints can be 
made manually via a panel, or automatically by using a configuration database. 

3.4.2 The table interface 
The interface is built up by a table showing all physical sensor values (temperature or 
pressure), and a graphing utility. A complete description of the interface and all configuration 
panels can be found in Appendix 1.  
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Below is an explanation of the interface. 
1. Brings up the settings dialog box. Via a number of panels it is possible to set the 

SYNC rate, connect a sensor name to an ELMB channel, set which sensor values are 
to be archived and change the settings for the ELMBs in the system (ADC settings, 
adapter resistor values, etc.). 

2. The table shows all the current physical sensor values. Clicking a cell plots the 
corresponding sensors values in (3). 

3. The graph shows the selected sensors historical and present values. It is possible to go 
back in time by using the graphs scrollbar. 

4. The six buttons control the behaviour of the graph. It is possible to stop the graph and 
increase or decrease the shown time and value span. 

5. The graph legend shows the current sensor name, graph colour, value and the time for 
the last value update. 

6. By selecting “Line Selection” it is possible to view an entire table row of sensors in 
the graph. “Column Selection” views an entire column and “Cell Selection” views one 
sensor. 

7. Clicking the SQL-button brings up a panel for data retrieval. The data is queried from 
the archive database with SQL commands. 

8. Clicking a tab shows a different set of values, for instance, from Layer 1 or ambient 
values. 
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Figure 17: The table interface. 
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3.4.3 The circuit interface 
The layout of the panel is a physical cooling circuit showing each sensor position in the 
cooling circuit and its current value. 
 
Below is an explanation of the interface. 

1. See (1) for table interface. 
2. Legend for abbreviations in the cooling circuit picture. 
3. The sensors current value. 
4. Tabs for selecting a certain set of sensors. There are tabs for showing two staves from 

one layer, pipe sensors or ambient sensors. 
 

 
Figure 18: The circuit interface. 
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(1)

(2)

(3)

3.5 Calibration 
Calibration of the system had to be carried out. It was done with the help from a number of 
computer programs [20]:  

• Ctst_txt.exe was used to scan the inputs of the ELMB ADCs. It outputs a file 
containing all scanned values. 

• _GainPedestHist.exe could be used for creating a histogram, curve and a file for 
correction of the ADCs. It does not take the adapters into account. 

•  _GainWithAdapt.exe also creates a histogram and a curve, as well as the final 
correction file containing two correction constants, A and B (see below). This program 
calculates also the adapters real resistances. It uses the correction file from 
_GainPedestHist.exe as input for its calculations. 

 
The first step in the calibration process is to correct for the electronics. This includes 
differences between ADC’s ideal and real conversion functions and between the indicated and 
actual adapter resistances. The process calibrates two correction constants, A and B. A 
corrects the pedestal of the ADC’s linear conversion function and B the slope. Equation (1) 
shows the formula for correction of the raw ADC output value: 

( )AxBs −⋅= , 

where x is the raw count from the ADC, and s is the corrected number of counts (the sensor 
value). 
 
In order to measure the errors of the ADC electronics, 10 different voltages, one at a time, 
were applied to all 64 ADC inputs of one ELMB. Each voltage was read out by Ctst_txt.exe. 
An ideal ADC should have a pedestal of 0 and a slope of 655.36 counts/mV (unipolar 
conversion mode). The real pedestal and gain of the ADC was calculated with values from 
two points (mV, counts) in the equation of a straight line. This was done by 
_GainPedestHist.exe. 
 
One could then calculate the correction for the adapter error by attaching a known resistance 
to the  ADC input. Again Csct_txt.exe read out the converted value. The real adapter 
resistance could then be calculated through: 

s
R

R
UE

a
10065536 −⋅⋅

= , 

where Ra is the adapter resistance [Ω], R the known resistance [Ω] on the input, E the 
ELMB’s reference voltage [mV] and U is the voltage [mV] over the resistance R. 65536 is 
used since unipolar conversion was being used.  
 
Now the correction factors A and B could be calculated and thus the correct ADC output, s. 
This step was done by _GainWithAdapt.exe. The voltage on any given sensor could now be 
calculated from the raw value according to: 

65536
rsU ⋅

= , 
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(4)

(5)

(6)

(7)

(8)

where U is the voltage [mV] on the sensor and r is the ADC conversion range [mV]. 
Furthermore, any thermistor resistance can be calculated with: 

( )UE
Rs

R a

−⋅
⋅

=
36,655

, 

where R is the thermistor resistance [Ω]. 
 
The second correction step is sensor dependent. The formula used is different for each sensor 
type. This step also calculates the physical value from the sensor value. The correction 
constants, C and D, had, however, already been calculated. Since the statistical errors were 
very small, the constants C and D were assumed to be the same for every sensor of a certain 
type. 
 
NTC 
The conversion formula (sensor value → physical value) for NTC thermistors is 

( )( ) 15.2731

6

3

107.4
)ln()ln(1

−
++

=
⋅

R
D
R

C

T , 

where T is the temperature [°C], C = 124.18 and D = 7.9491. 
 
Pt1000 
For a Pt1000 sensor the conversion formula takes the form: 

C
D
RT −= , 

where C = 257.44 and D = 3.8895. 
 
Pressure 
The conversion to physical value is made according to: 

100⋅=UP , 

where P is the pressure [bar], and U is the sensor output voltage [10-2 V]. Note that the 
calibration constants C and D are absent, since the sensor is calibrated from the manufacturer. 
 
Humidity 
The humidity sensor is calibrated as well, and the physical value is calculated with: 

100⋅=UH , 

where H is the relative humidity [%], and U is the sensor output voltage [10-5 V]. 

3.5.1 Calibration result 
The impact on the accuracy of the measured temperature by the calibration was estimated by 
measuring a given temperature with the system with and without calibration. The given 
temperature was represented by the corresponding resistance, which was applied to ∼80 ADC 
channels. The temperature error distribution with and without calibration can be seen in 
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figures 19 and 20. The maximum temperature error with and without calibration turned out to 
be ∼0.7 °C and ∼6 °C. 

 
Figure 19: Distribution of measured temperature error without calibration. 

 

 
Figure 20: Distribution of measured temperature error with calibration. 
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3.6 Testing 

3.6.1 Speed 
In order to test the speed, a power supply was connected to all ADC inputs. The power supply 
output was alternated, with different time intervals, between two fixed voltages. The time 
intervals were 1 minute and 30, 20 and 10 seconds. The result for one channel is shown in 
figure 21. As can clearly be seen the system handles the alternating voltage input very well. 
Note that the system treats an input voltage as a physical parameter, e.g., temperature. 
 

 
Figure 21: The alternating voltage as measured by the cooling control system. The different time intervals 
used are indicated. 

3.6.2 Stability 
No formal stability test has been performed. However, the control system has currently been 
running for ∼4 weeks without any problems. 

3.7 Conclusions and future development 
A control system has been developed in PVSS II, to be used in phase II of the Pixel/SCT 
cooling system tests. The work included both hardware set-up and software development 
(excluding cooling circuit inlet pressure control). Initial experience with the PVSS II software 
shows that a developed system is stable and can handle data read-out every 10 seconds. It 
should not be used for inlet pressure control since it is not possible to accurately determine the 
execution time of the control loop (because of interrupts, etc.).  
 
Future development should be focused on the following points. 

• Conforming datapoints entirely to SCT DCS standard. 
• Performing more stability tests of the PVSS application. 
• Dynamic configuring of datapoints at start-up (from configuration database). 
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• Extending the capabilities of inserting limit values, configuration constants etc from 
the configuration database into the PVSS II application automatically. 

• Possibly implementing inlet pressure control loop in an ELMB. 
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(9)

(10)

4 RADIATION EFFECTS ON PRESSURE SENSOR 
All experiments at the LHC are exposed to high radiation levels. This puts high requirements 
on the electronics, and especially sensors mounted close to the interaction point. All 
electronics to be used must be tested for radiation hardness, up to the levels of the maximal 
LHC radiation. The electronics must have the same lifetime as the one expected for an LHC 
experiment, i.e., 10 years. In order to qualify electronics for the LHC experiments, accelerated 
radiation tests are made, exposing the equipment to the expected radiation. Electronics in the 
SCT need to be radiation hard up to 2⋅1014 neutrons/cm2 and 10 Mrad ionising dose in order 
to last for 10 years. 
 
A radiation test has been performed on a barometric pressure sensor. The candidate sensor is a 
Lucas NovaSensor NPP-301 and will, if the evaluation gives a positive result, be used inside 
the SCT. It produces an output voltage, linear to the input pressure [21]. Two sensors have 
been calibrated before and after radiation. During the calibration process the sensors were 
connected to an output voltage amplifying circuit. The circuit gave the possibility of adding a 
constant voltage offset to the output voltage. 

 
Figure 22: The candidate sensor’s electric circuitry. 

4.1 Pre-radiation measurements 
The calibration before radiation was performed in Uppsala in June 2001. The sensors were 
attached to a PC collecting the output data during one night. The output voltage was then 
compared to air pressure data collected by the Department of Earth Sciences at Uppsala 
University. However, since the air pressure did not change much, the calibration is not very 
accurate. This has not been corrected for, since it is not crucial for this first radiation tolerance 
evaluation. The result of the calibration is shown in figure 23. Equations (9) (sensor 1) and 
(10) (sensor 2) show the approximate pre-radiation voltage-pressure relationship: 

5905.80064.0 +⋅−= xy , 

6283.80065.0 +⋅−= xy , 

where y is the output voltage [V] and x is the input pressure [hPa]. 
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(11)

(12)

 
Figure 23: Air pressure [hPa] vs. sensor output voltage [V] before irradiation. The equation of the line is 
an estimate based on the pressure and voltage measurements and the fact that the sensors, according to 
the manufacturer, have a linear correspondence between the two. The dashed line (sensor 1) and the solid 
line (sensor 2) are the graphs of these estimated equations. The filled dots are the data points of sensor 1 
and the open ones of sensor 2. 

4.2 Radiation and post-radiation measurements 
Both sensors were irradiated in the PS accelerator at CERN with 60 GeV protons to a fluence 
corresponding to 2·1014 1 MeV neutron equivalents/cm2. After this, another round of data 
collection was performed, this time at CERN. The data collection took place during 6 days 
and nights, giving a greater spread in input pressure and thus a more accurate calibration than 
the pre-radiation calibration. The input air pressure was taken from [22]. The output voltages 
are ~2 V higher at all points compared to the pre-radiation measurements. This is most likely 
due to the tuning of the amplifying circuits offset and not a result of the radiation. The 
equations now take the form (11) (sensor 1) and (12) (sensor 2): 

382.130095.0 +⋅−= xy , 

258.120081.0 +⋅−= xy , 

where y is the output voltage [V] and x is the input pressure [hPa]. The resulting graphs are 
shown in figure 24. 
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Figure 24: Air pressure [hPa] vs. sensor output voltage [V] after radiation. The equations are estimations 
based on the measured points. The dashed line (sensor 1) and the solid line (sensor 2) are the graphs of 
these estimated equations. The filled dots are the measure points of sensor 1 and the open ones of sensor 2. 

4.3 Conclusions 
A few conclusions, presented below, can be drawn from this radiation hardness investigation. 

• The sensor output voltage is linearly dependent on the input pressure, both before and 
after radiation. Thus, the sensor appears to be radiation hard up to 2·1014 1 MeV 
neutrons/cm2. 

• It cannot be excluded that the slope of the voltage vs. pressure equation is altered by 
radiation. A more thorough radiation hardness evaluation should therefore be made. 
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Starting the program 
Go to Start -> Programs -> PVSS II 2.11.1 -> PVSS Console 
This will bring up the PVSS Console (Figure 1). 

 
Figure 1 : The PVSS Console 

 
In the Consoles Project box: pick SCT-Cooling. 
Click Start. Starting of the project will take about half a minute. 
When everything is started all status lights should be green except PVSS00NG and PVSS00NV.exe 
-num 2. 
The last manager, PVSS00NV –num 2, controls the circuit interface. In order to open this interface, just 
right click on the manager and choose “Start”. 
 
After starting the project the Table interface panel will appear (Figure 2). 
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The main panel 
 

Figure 2: The SCTCooling Control Systems main panel 

Tabs 
By clicking on the tabs it is possible to navigate between the different layers. 
In the table all temperature and pressure values are shown. 

Table and Selection mode 
The column and row name abbreviations are as follows. 
• Pres – Pressure. If it is BackPres or InjePres depends on whether the sensor is sitting on a stave or on 

an outlet. 
• CT – CoolTemp (NTC Sensors) 
• ST – StavTemp (PT1000 Sensors) 
• S – Stave 
• O - Outlet 
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When clicking in a cell in the table, one or more values are shown in the graph space. The number of values 
depends on the Selection mode. The selection mode is chosen in the Selection Mode box. 
• Cell Selection – The cell’s value is shown in the graph. 
• Line Selection – All the stave’s values are shown in the graph. 
• Column Selection – Sensors with selected number from all staves are shown in the graph. 

Graph 
The graph will set its value and time scale automatically when a sensor is picked in the table. However, by 
clicking the start/stop button (Figure 3) it is possible to adjust the appearance of the graph. Then the graph 
will stop updating and the list of buttons next to it will become enabled (Figure 4). Their functions are as 
follows. 
• The two clock buttons will make the time scale increase (+) and decrease (-). 
• The magnifying glass buttons will make the value scale increase (+) and decrease (-). 
• The 1:1 button will set the time and value scale to default. 
 
By pulling down the list at the top of the graph, just above the mentioned buttons, it is possible to see the 
legend (with current value and time stamp). 
 

Figure 3: The graphs start/stop button 

 

Figure 4: Graph control buttons 

Settings button 
When clicking the settings button four setting alternatives will appear.  
• CANopen – This opens a panel that can be used to control the CANopen parameters. For instance Sync 

and Node Guard interval. 
• Archive Settings – Individual sensor values can be set to be archived. 
• ELMB Mapping – A panel used to map different ELMB channels to different sensors in the user 

interface. 
• ELMB Settings – This panel contains three tabs. 
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Settings panels 

CANopen 
This panel is used to control the CANopen bus, which is used for communication between the computer 
and the ELMBs (Figure 5).  

SYNC 
Send button: Sends a sync command on the CAN bus, thus telling all ELMBs to get new data from all 
sensors and send it back to the DCS system. 
SyncInterval: Sets the interval for automatic sync commands (press ‘return’ after setting a time). 
 

Figure 5: CANopen Master Node panel 

NMT 
Sets all ELMBs in different states. 
• Start: starts all ELMBs. 
• Pre-operation: sets all ELMBs in pre-operational mode (To be described). 
• Stop: stops all ELMBs. 

Node Guard Interval 
If the bus master (the DCS system) does not receive any messages from the slaves (ELMBs) it sends a node 
guard message to check if they are still alive. Here it is possible to set the node guard message interval 
(press ‘return’ after setting a time). 
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Archive Settings 
In this panel it is possible to change the archive settings for a sensor (Figure 6). 
 

Figure 6: Archive settings panel 

Staves and sensors selection 
In the staves combobox it is possible to choose which stave to show sensors from. Then select a sensor type 
from the list on the right. 

Available sensors 
In this selection box all sensors are seen (according to the selection of sensor type and stave) that are not 
currently being archived. Mark a sensor and click “>” to archive. If all are to be archived, click 
”Archive all”. 

Archived sensors 
This is where all currently archived sensors are shown. In order to not archive a sensor, mark it and click 
“<”. To deselect all from “Archived sensors”, click “Remove all”. 
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ELMB Mapping 
This is where different sensors (i.e., cells in the table) are mapped to different channels (Figure 7). 
 

  

Figure 7: ELMB mapping panel. 

Staves and sensors selection 
In the staves combobox it is possible to choose which stave to show sensors from. Then select a sensor type 
from the list on the right. 

Available sensors and Current configuration 
The available sensors list shows all available sensors, according to the staves and sensor type selection, 
shown. When marking one sensor, its current configuration (ELMB channel and offset) is shown in the 
“Current configuration” box. 
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New configuration 
Set here the new configuration for the sensor, such as ELMB number, channel and offset. It is also possible 
to set the sensor to be archived or monitored for alarms. If it is to be monitored for alarms, the limits can be 
given in the boxes below the alarm checkbox. 

Database mapping 
The database containing all information concerning which ELMB channel each sensor is connected to can 
be exported. If it is exported as a text file (preferably with its fields tab separated) it is possible to perform 
an automatic mapping. One must, however, perform one automatic mapping per sensor type (as selected in 
the sensor type selection). Thus it is also possible to set all sensors of a certain type to be archived or 
monitored for alarms. All sensor of the selected type will then have the same alarm limits. The default 
database file is “Csct_cnt.txt” and is currently located at D:\Sct_Dcs\Cool0108\Docs\Configs\. To choose 
another database file click “Browse…”. The new file will be saved as the default one. 

ELMB Settings 
The ELMB settings can be changed using this panel. It contains several tabs depending on the task. 

Status 
It is possible to start, stop or reset all or individual ELMBs using the Node Management box. The ELMB 
can be chosen from the ELMB combobox. The transmission type for analog and digital input, and digital 
output can be set using the Transmission type box. This box is, however, disabled since the digital input 
and output are not used, and the analog input transmission type should not be changed. 

 
Figure 8: ELMB status settings. 
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ADC 
The different conversion settings for each ELMBs ADC can be set using this panel. Just select the desired 
conversion rate, gain and type of measurement and click “Set”. Make sure the correct ELMB is chosen. 
When clicking “Set”, the new settings are sent to the ELMB. 
 
 

 
Figure 9: ELMB settings, ADC tab. 
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Adapters 
This panel can be used to set the adapter connected to a channel. Double-clicking a cell brings up a dialog 
box in which to set a new value. The whole table can be imported or exported to a file with the textfield and 
the ‘import’ and ‘export’ buttons. 
 

 
Figure 10: ELMB settings, Adapters tab. 
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Channelsensors 
This tab can be used to find out which sensor is currently connected to a specific channel. Choose an 
ELMB and a channel, and the channel’s current sensor and adapter can be seen in the textfields. 
 

 
Figure 11: ELMB settings, Channelsensors tab. 
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Free channels 
The panel is used to find the channels currently not being used. Clicking the “Find free channels” button 
will show all free channels in the list. In order to export the list to a file, mark the checkbox “Export to 
file:”, give a filename in the textfield and click the “Find free channels” button. The button next to the 
textfield brings up a file selector.  

 
Figure 12: ELMB settings, Free channels tab. 

 
 




