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Summary 
This is a project report about the preparation and installation of a hydrogen pellet tracking section at 

the Uppsala Pellet Test Station (UPTS).  

�̅�ANDA is one of the experiments that will be done at FAIR (Facility for Antiproton and Ion Research). 

�̅�ANDA stands for antiProton ANnihilation at DArmstadt and does research on topics such as the 

structure of hadrons. In this experiment, antiprotons produced by a proton beam will be filled into the 

High Energy Storage Ring (HESR) and collide with internal targets at the �̅�ANDA detector. An internal 

target is a stream of hydrogen pellets. Pellets are microsphere droplets of frozen hydrogen and are 

very dense in protons. The antiprotons will interact with the protons in the hydrogen pellets. This 

interaction will cause hadronic events.  

In order to accurately reconstruct and analyse the hadronic events, the pellets need to be tracked. The 

exact position of a single pellet is required.  

The aim of this project is to assemble the first complete pellet tracking section and prepare it for 

installation and testing at the UPTS beamline.  

 

At the Uppsala Pellet Test Station, pellets and the tracking system are being tested and developed. The 

UPTS includes a pellet tracking section. The purpose of this section is the determination of pellet 

position in the interaction region through an optical tracking system. The optical tracking system 

includes lasers illuminating the pellets and cameras detecting the scattered light.  

The pellet tracking section consists of four measurement levels. On each of those levels, a plate called 

a detection module is going to be attached. Two cameras and three lasers are mounted on each 

detection module.  

At each detection module, the cameras are positioned in a way that they look at the pellets from 

opposite directions. The reason for this position is to achieve a full pellet detection efficiency. A delay 

in one of the cameras’ exposure cycle causes that light signals will be detected by at least one camera 

at all times.  

The cameras used for detection readout only one line of pixels at the time. The exact coincidence 

between these cameras’ lines of sight and the thin laser beam profiles are required for pellet detection. 

Alignments in the cameras and lasers are therefore necessary.   

At �̅�ANDA it will be impossible to perform alignments at the pellet beam pipe due to lack of space. 

This is the reason for the development of detection modules.  

 

The alignment requires a stable target that is simple to set up. A hydrogen pellet stream has a 

horizontal spread and is therefore unfit to use in the alignment. Instead, strings of transparent fishing 

lines are used.  

 

In order to achieve the goal of this project, three separate tasks have been performed.  

One of these tasks was to develop a method for installation of the detection modules on the tracking 

section chamber. Once the detection modules are prepared, they will be installed at the pellet beam 

pipe. The installation method includes the alignment of each plate. A detection module must be in a 

completely horizontal position in order to make pellet tracking possible. This requirement is 

accomplished by using a reference point of which it is known that it has a completely horizontal 

position.  

Another requirement is the preparation of each detection module. In this task, the alignment of the 

cameras and lasers was performed following an alignment procedure. A readout program called 

wxPropView was used for this alignment and for testing the optics.  
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In the third task, a series of tests were made once the prepared detection modules were installed on 

the pellet tracking chamber according to the installation method that has been developed. These tests 

were performed with readout programs wxPropView and PtrDAQ.  

During the preparation of the detection plates, air and the fishing lines were the only medium that the 

laser beams propagate through. During the series of tests, the laser beams propagate also through the 

windows of the pellet tracking chamber. Comparing the outcome of tests performed with wxPropView  

with the outcome of the alignment of the cameras and lasers, gave similar results. The refractions of 

the laser beams at the windows are negligible.  

PtrDAQ has the feature of adding a pulse to the laser beams making the detected signals with fishing 

lines more comparable with the signals detected using a stream of hydrogen pellets.    

 

These three tasks are performed with two out of four detection modules, due to the limited project 

time.  

 

Throughout this project, the detection modules have been prepared and tested at the pellet tracking 

section chamber. Despite that the cameras readout signals from the fishing line targets, the tracking 

section is not yet finetuned for reading out a stream of hydrogen pellets.  

Improvements are necessary to make the pellet tracking section usable for pellet detection. Most 

important is to prepare and install the other detection modules at the pellet tracking section chamber.  
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Preface 
This report has been written as part of the internship project which is done within the third year of 
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the first complete hydrogen pellet tracking section at the Uppsala Pellet Test Station beamline.   
 
It was an honour and a great experience to perform this internship project at the Uppsala University 

in Uppsala, Sweden.  
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of my internship. I also would like to thank Jenny Regina for explaining the alignment procedure of the 

cameras and lasers. I am also thankful for Kjell Fransson who made improvements in the readout 

programs PtrDAQ and wxPropView.   
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Abbreviation list 
 

CCD  Charge Couple Device (a type of sensor widely used in cameras) 

DM  Detection Module 

FAIR  Facility for Antiproton and Ion Research (research centre in Darmstadt) 

HESR  High Energy Storage Ring (storage ring at FAIR in Darmstadt) 

ML  Measurement Level 

�̅�ANDA  antiProton ANnihilation at DArmstadt (upcoming detector system at HESR) 

�̅�𝒑   antiproton-proton  

PTR  Pellet TRacking 

PTS  Pellet Tracking Section 

STR  Structured Light Pattern diode laser 

TSL  The Svedberg Laboratory  

UPTS  Uppsala Pellet Test Station (at TSL) 

VIC  Vacuum Injection Capillary (where pellets are formed and injected into vacuum) 

VME  Versa Module Europa or Versa Module Eurocard 
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1. Introduction 
The �̅�ANDA experiment is one of the experiments that will be done at FAIR (Facility for Antiproton and 

Ion Research). Antiprotons produced by a primary proton beam will be filled into the High Energy 

Storage Ring (HESR) and collide with internal targets at the �̅�ANDA detector. A stream of microsphere 

droplets of frozen hydrogen, also known as pellets, will be used as an internal target for the hadron 

physics experiments at �̅�ANDA (antiProton ANnihilation at DArmstadt). A hadron is a subatomic 

particle consisting of quarks.  

The antiprotons will interact with the protons in the hydrogen pellets. This interaction will cause 

hadronic events. The stream of pellets, the internal target, is produced approximately 2.7 metres 

above the accelerator beam and is directed to the interaction region through the pellet beam pipe. In 

order to accurately reconstruct and analyse the hadronic events, the pellets need to be tracked and 

determination of the exact position of a single pellet is required.  

The aim of this project presented in this report is to assemble the first complete pellet tracking section 

and prepare it for installation and testing at the UPTS (Uppsala Pellet Test Station) beamline. Figure 1 

shows a sketch of the �̅�ANDA detector. The location of the pellet tracking section is indicated with the 

red circle. Within the Nuclear Physics division of Uppsala University, the pellet tracking section is being 

developed and tested at UPTS.  

 

 
Figure 1 The PANDA-detector. The position of the pellet tracking section is circled in this image. 

 

The tracking system consists of several measurement levels equipped with three lasers and two line-

scan cameras with a sub-millimetre thin line of pixels. Two lasers illuminate the target and the line-

scan cameras take time and position measurements of a single pellet. The third laser is used for 

alignment purposes. Sets of several line-scan cameras on different measurement levels allow 

reconstruction of the direction and velocity of individual pellets. High demands on pellet detection 

efficiency and alignment of the lasers and line-scan cameras need to be sufficed in order to execute 

the reconstruction with the desired accuracy.  

 

The mechanical alignment of the cameras and lasers cannot be performed at �̅�ANDA due to the lack 

of space at the pellet beam pipe and poor sight conditions. At UPTS the alignment would also be 

challenging for the same reason. Therefore the alignment must be done elsewhere.  

The pellet stream has a spatial spread in the horizontal plane which makes it an unfit target for the 

alignment of the cameras and lasers. A target is required whose position is known and is to set up 
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easily. This target should also be simpler to control than a pellet stream in order to test the optics of 

the cameras and lasers.  

For these reasons, a detection module (DM) has been designed. It provides the possibility to easily 

align the cameras and lasers in a test bench setup. This pellet tracking test bench uses fishing lines as 

a target instead of a pellet stream. A program called wxPropView is used in the alignment of the 

cameras and lasers and testing the optics. Once these detection modules are prepared they need to 

be installed at the pellet tracking section chamber. An installation method needs to be developed 

including a mechanical alignment of the detection modules on the pellet tracking section chamber. 

The detection modules need to be in a completely horizontal position in order to make pellet tracking 

possible. Once the detection modules are installed on the pellet tracking chamber, tests will be made 

in order to determine if adjustments in the alignment or pellet tracking chamber setup need to be 

done. These tests will be performed using readout programs wxPropView and PtrDAQ.  

 

This report is divided into different chapters and sections. Background information about the �̅�ANDA 

experiment, the Uppsala Pellet Test Station and the operation of the Pellet Tracking System is 

described in chapter 2. The following chapter describes the steps that need to be taken in order to 

achieve the goal of this project. Chapter 4 describes the methods, materials and programs used for 

preparing and installing the Pellet Tracking Section. This chapter is divided into a section about the 

installation method and the alignment of the cameras and lasers. A section about safety is described 

in this chapter as well since there is a risk of laser accidents when performing the preparation and 

installation at the PTS. In chapter 5 the results are described. This chapter is divided into three sections: 

installation and alignment of the DM-plates onto the tracking chamber, preparation of the DM-plates 

at the test bench setup and the testing at the pellet tracking chamber. The following chapters describe 

the discussion, conclusion and an outlook on these results.   
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2. Theoretical background 

2.1 The �̅�ANDA experiment 
The �̅�ANDA experiment is part of the international accelerator facility FAIR. A versatile detector, 

including tracking systems such as the one developed at UPTS, will be built in order to gather 

information from antiproton-proton (�̅�𝑝) collisions. The information gathered by the detector allows 

for researches on topics such as the weak and strong forces, the structure of hadrons1 and exotic states 

of matter to be done. [1] 

2.1.1 �̅�𝑝 −collisions 
Protons contain quarks and antiquarks held together by gluons. A gluon acts like the exchanging 

particle for the strong force. The quarks and gluons are collectively called partons.  

The collision between an antiproton and a proton causes hadronic events. However, there is a 

difference if the particles collide at low energy or high energy. When a �̅�𝑝-collision is happening at low 

energy, the two hadrons break apart and the partons will scatter. In the case of a high energy �̅�𝑝-

collision, a parton of the proton interacts with a parton of the antiproton resulting in a scattering 

process that produces particles such as bosons and other types of quarks. [2] 

 

2.2 The Uppsala Pellet Test Station 
At the Uppsala Pellet Test Station pellets and the pellet tracking system are being tested and 

developed. A sketch of the setup of the UPTS and a photo is shown in Figure 2. The pellet stream is 

being observed at observation levels using CCD (Charge Couple Device) cameras. [3]  

Above the pellet tracking section chamber (Figure 2) a pellet stream is produced: 

 

In the cold head, hydrogen gas is liquefied by cooling it to 14.1 K using helium in a closed cycle. The 

hydrogen liquid reached the liquid jet nozzle. The nozzle with an opening diameter of 11 μm is vibrating 

at 40-100 kHz causing the hydrogen liquid jet to break up into droplets. After the nozzle, the pressure 

drops from 400 mb to approximately 20 mb. The droplets travel with a velocity of 20-30 m/s.  

Travelled through the droplet chamber, the droplets reach the Vacuum Injection Capillary (VIC) where 

the pressure is of the order of 10-4 mb. The high-pressure gradient causes the droplets to accelerate 

and freeze. The frozen droplets are now pellets and travel with a velocity of approximately 70 m/s.  

Then the droplets reach the skimmer. The skimmer used at UPTS is a conical collimator (a device for 

narrowing a particle beam). Its purpose is to filter the pellets that diverge from the centre of the stream 

with a too big angle.  

In Figure 2 the location of the pellet tracking section chamber is shown. Due to lack of space and poor 

sight conditions at the UPTS, the alignment of the cameras and lasers attached to the tracking section 

is done elsewhere. Eventually, the pellet tracking section chamber will consist of four measurement 

levels, both with 4 illuminating windows between the observation windows.  

All observation levels at the UPTS consist of 4 observation windows every 90° in a plane. 

 
1 Hadrons are subatomic particles consisting of quarks, antiquarks and gluons. These quarks and antiquarks are 
held together by a cloud of gluons. Gluons are exchange particles which mediate the strong force between 
quarks. The strong force holds together subatomic particles of the nucleus. There are two categories of 
hadrons: baryons and mesons. Baryons have the property of consisting of three quarks and have a half-integer 
spin. Mesons consist of a quark and an antiquark and have a whole-integer spin.  
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Figure 2 The schematic setup and photo of the UPTS.  

 

2.3 The Pellet Tracking System 
The purpose of the Pellet Tracking System (PTS) is the determination of the pellet position in the 

interaction region. Determining the position is done by tracking individual pellets from the production 

point to the interaction point. The tracking system consists of several measurement levels, on each 

level a DM-plate (detection module plate) is attached that consist of two cameras and three lasers. 

Two of the lasers illuminate the pellets and the scattered light is detected by the cameras. The other 

laser is used for alignment purposes. In Figure 3 a schematic image of the tracking process is shown. 

[3] 
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Figure 3 A schematic figure of the tracking sections above and below the accelerator beam. 

To create the best pellet identification, the distance between the measurement levels should be as 

small as possible. The chosen distance is 60 mm, this is the smallest possible distance between 

measurement levels due to the height of the cameras. A good pellet identification efficiency is needed 

for the pellet track reconstruction.  For pellet reconstruction, a longer lever arm with multiple 

detection points is necessary.  

 

2.3.1 The detection module  
In Figure 4 a photograph of the top view of the detection module prototype is shown. This prototype 

is mainly used for developing and testing an alignment procedure of the cameras and lasers. 

 
Figure 4 The detection module prototype. 
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Figure 6 and Figure 6Figure 6 are schematic figures of how refracted and reflected light from the lasers 

is detected by the cameras. The cameras on the detection module have been marked CamA and CamB. 

Lasers have been marked LasA, LasB and LasC. LasA and LasB are the illumination lasers, optimized for 

pellet detection. CamA detects the refracted light by LasA and the reflected light from LasB. As for 

CamB, it detects the refracted light from LasB and the reflected light from LasA. LasC however, is used 

for alignment purposes and is positioned that the beam has a 90° angle relative to CamA and CamB. 

This way CamA and CamB both detect similar signals from an illuminated object.  

 

Figure 5 Refracted light of LasA and LasB detected by CamA and CamB. 

 

Figure 6 Reflected light of LasA and LasB detected by CamA and CamB 

At each detection module, two cameras are mounted in a way that they look at the pellets from 

opposite directions. The reason for this position is to achieve a full pellet detection efficiency by 

causing a delay in one of the two cameras. This delay is visualized in Figure 7. The delay is shifting the 

exposure cycle of the camera with respect to the exposure cycle of the other. This way, the dead time 

of one camera in one exposure cycle occurs at the exposure time of the other camera. In the dead 

time, the detection system is not able to record an event after recording another. The dead time works 

as a restore time. At all times, light signals are detected by at least one camera.  

 

 

Figure 7 The exposure cycles of camera A and B. Camera B has a delay in its exposure cycle causing detection of light signals 
at all times by at least one camera.  
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The cameras used in the pellet tracking system are line scan CCD cameras, which means that the 

cameras only read out one line of pixels at the time. Empty, unnecessary pixels are not read out by 

these cameras which gives an advantage in speed. The readout line consists of 512 pixels of 14×14 μm2 

corresponding to an effective image size of 35×35 μm2 at the working distance. Pixels have a light signal 

amplitude resolution of 12 bits. The Structured Light Pattern (STR) diode lasers are used for the 

illumination of the pellets. The thin horizontal beamline of the lasers has a width of 3 mm and a height 

of 50 μm at a maximum at the position corresponding to the pellet stream region. In this region, the 

lasers must be focused. Pellet detection efficiency is at its optimum when the illumination is at the 

maximum. Maximum illumination is reached when the illumination lasers are placed in a 135° angle 

relative to their corresponding cameras, this means LasA is positioned with respect to CamA and LasB 

is positioned with respect to CamB. [4] 

 

3. Work description  
The goal of this project is to assemble the first complete tracking section and prepare it for installation 

and testing at the Uppsala Pellet Tracking Section. Three tasks have been set up in order to achieve 

this goal:  

1. Detection modules are designed for the reason that the alignment of the cameras and lasers 

can be performed at a position away from the pellet beam pipe. Once the DM’s are prepared, 

they will be installed at the pellet beam pipe. This installation includes the alignment of each 

plate. Each DM must be in a completely horizontal position in order to make pellet tracking 

possible. An installation method for the detection modules needs to be developed.  

2. The line scan CCD cameras used for pellet detection readout only one line of pixels at a time 

making it a challenge to coincide with the thin laser beamline profiles. An alignment that will 

coincide the lines of sight and beamline profiles needs to be executed with a stable and simple 

to set up target. This alignment will be done for each detection module that will be tested at 

the pellet tracking chamber.  

3. Once the cameras and lasers on each DM are aligned and each DM is installed onto the pellet 

tracking chamber, tests need to be made. These tests are required to check the alignments 

that have been done and to observe possible optical effects.  

 

These three tasks are performed with two of four detection modules, due to time management.   
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4. Methods 
Due to the lack of space and poor sight conditions, alignment of the lasers and cameras and testing 

the optics would be impossible to perform at the UPTS. Therefore a detection module has been 

designed to perform these tasks in a test bench setup, a position away from the pellet beam pipe. The 

detection module has the benefit of using another more stable target than a pellet stream. With the 

more stable target, its position should be known and make the alignment more accurate. The target is 

also easier to control and set up compared to a pellet stream.   

After the detection modules have been prepared, a procedure for installing these onto the pellet 

tracking section chamber needs to be followed. This procedure includes the mechanical alignment of 

the DM’s in order to position them in a completely horizontal plane. Testing the optics and alignment 

of the cameras and lasers will be done with readout system CamControl at a test bench setup. A 

comparison of the signals read out at the test bench setup and when the DMs are attached on the 

tracking section chamber will be made to check the alignments and to observe possible optical effects.  

 

4.1 The Installation Method for Detection Modules 
Figure 8 shows the tracking section chamber and the locations of the measurement levels.  

Mechanical alignment of the detection modules on the tracking section chamber and the development 

of an installation method for the detection modules need to be executed in order to make the pellet 

tracking system accurate enough. The installation method will be performed by taking distance 

measurements relative to an alignment bar located in the center of the tracking section chamber. For 

each measurement level in each direction, these measurements are taken. 

The alignment bar being a reference point for the prepared detection modules should make the 

alignment simple. Only 2-4 screws are then needed to fix the detection module.  

 

 
Figure 8 The pellet tracking chamber with the locations of the measurement levels. A DM-plate is attached on measurement 
level 4. 

A detection module can be placed on the tracking section chamber in 2 different directions on 4 

different measurement levels. Each measurement level has two coupling points in opposite directions 

for attaching DM-plates and alignment bars. This way, the DM can be placed in two directions on each 

measurement level. The measurement level above and/or under the other measurement level has its 

coupling points shifted 90°. Directions on the tracking section chamber have been defined as north, 

south, west and east. Figure 9 shows the top view of the tracking section chamber with a DM attached 

and these directions the DM can be placed in. The different directions in which the detection module 
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can be placed in are the ESW-plane with its coupling point in S (south), WNE-plane with the coupling 

point in N (north), SWN-plane with the coupling in W (west) and the NES-plane with its coupling point 

in E (east).  

 

Figure 9 Top view of 1) the tracking section chamber, 2) the DM-plate in the WNE-plane and 3) the alignment bar in direction 
S. 

The U-formed DM-plate is positioned at one of the coupling points. At the opposite of this coupling 

point, an alignment bar is attached. In order to take accurate measurements, the alignment bar needs 

to be aligned first. The cylinders at the top, bottom and in the middle of the tracking section chamber 

have a bigger radius than the cylinders where the measurement levels are located.  These cylinders 

are used as a reference point for the alignment bar to align. The height between the reference point 

and both ends of the bar is measured. If the heights are similar, the alignment bar is ready to be used 

as a reference point for the alignment of the DM-plate. 

The alignment bar is now a reference point for the DM-plate. The DM-plate’s height is fixed with the 

upper screws by estimating the straightness according to the alignment bar. For setting the DM’s 

straightness, two spirit levels are used. The state of the spirit level on the DM is compared to the state 

of the spirit level on the table since the table is not completely straight. 

The distances of the gaps between the alignment bar and both sides of the U-formed DM-plate is 

measured. If these distances are the same, the DM-plate is aligned. The distance between the right 

and left part of the U-formed DM-plate is exactly 220 mm, the alignment bar has a length of 200 mm, 

therefore both gaps (left and right) should have a distance of 10 mm. The smaller the measured 

distance, the smaller an angle can be made when increasing the accuracy of the measurements. 

However, with a distance that is too small, lack of space would cause inaccuracy in the measurement. 

The position of the DM-plate can be adjusted in the XY-plane by using the cap screws. Distances of the 

gaps and between the alignment bar and the top, bottom and middle cylinder are measured by a 

vernier caliper. 

 

The images of the tested and currently used alignment bar is shown in Appendix A.  
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4.2 Alignment of Cameras and Lasers 
The test bench setup is used for aligning the two CCD line scan cameras and the two STR diode lasers. 

A third laser is attached on this detection module and is used for alignment purposes. A sketch of the 

top view of the test bench setup is shown in Figure 10. The target reflects and refracts the laser beams 

and the cameras will detect these light signals. Two different targets are used for aligning the cameras 

and lasers. One target contains one string of transparent 0,08mm diameter fishing line placed in the 

centre. The other target contains five strings of the same fishing line placed in a row in the centre of 

the target holder. A 3-5 pixel profile is expected for each 0,08mm string of fishing line. Figure 11 shows 

the target containing five transparent fishing lines. The space between the fishing lines is relatively 

small. This decrease the risk of optical effects distorting the light distribution. 

 

 
Figure 10 Test bench setup consisting of two CCD line scan cameras and three STR diode lasers. 

 

 
Figure 11 The fishing line target. Five fishing lines are placed in a row in the centre of the target. 

 

A step by step procedure on the alignment of the cameras and lasers using LasC is described in 

Appendix B. Furthermore, camera monitoring programs PtrDAQ and wxPropView are used in the 

alignment procedure. This procedure will be applied to the DM-plates before the installation on the 

tracking section chamber. 
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During the alignment of the cameras and lasers, the fishing line target is placed in three different angles 

which produce sharp images in the camera monitoring programs. The angles of the target holder are 

shown in Figure 12. Configuration a) in Figure 12 is used for varying the height of the line of sight of 

the cameras using LasA or LasB. Configurations b) and c) are used for varying the line of sight using 

LasC and either LasA or LasB. All these configurations are used for the alignment. This way relative 

rotations between the camera line of sight and the laser beam can be detected in observations of the 

camera monitoring programs.  

 

  

 
Figure 12 Angles of the fishing line target. The five dots represent the five fishing lines placed in a row. 

Software PtrDAQ and wxPropView process data from CamA and CamB. Observing the data from these 

camera monitoring programs, the alignment can be performed accurately. Both programs have their 

own advantages and disadvantages. With PtrDAQ CamCtrl many cameras can be readout and 

monitored whereas with wxPropView only two cameras which is sufficient for performing an 

alignment. One CamCtrl card can readout 4 cameras, but more cards can be added to the system. 

CamCtrl has the advantage that it can simulate pellets with a pulsed laser light.  

 

4.2.1 PtrDAQ 
The data acquisition program, PtrDAQ, collects data and controls the operation of the devices 

connected. These devices are the cameras, the CamLink card and the CamControl card.  

The CamLink card acts as an intermediate between a maximum amount of 4 cameras and the 

CamControl card. Its main purpose is to find pellets in the image line provided by the cameras. Another 

function of the CamLink card is to add desired cycle shifts to the cameras. The CamLink card has a 

speed of 80.000 exposure cycles per second.  

The CamControl card, located inside the VME2 crate, connects the CamLink card and the PtrDAQ. The 

CamControl card receives events from the CamLink cards such as pellet features and raw data, assigns 

event numbers to them and saves the data.    

 

The main tasks performed by the PtrDAQ is setting the parameters of the connected devices, give a 

preview of the camera’s image allowing to tune and align the setup. Another task is saving the pellet 

data for further analysis. The PtrDAQ is a camera monitoring program which has the advantage of 

showing several properties of the signals detected at the same time. Figure 13 shows an image of how 

the PtrDAQ reads out these signals. In this case, the lasers are set to be pulsed with a frequency of 4 

kHz. The pulsing of the laser gives out a signal that is comparable with using pellets as a target. The 

upper 4 graphs correspond to the right camera on the used DM-plate and the lower 4 graphs 

correspond to the right camera. The PtrDAQ gives information about the pellet position (pink graphs 

 
2 VME stands for Versa Module Eurocard and is a computer bus standard. The VME crate hosts the VME 
controller and the CamControl card. The controller is used as a connection between the CamControl card and 
the computer. 
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on the left of Figure 13), pellet amplitude (green graphs), cycles between pellets (orange graph) and 

the coincidence between the left and right camera on a DM (blue graph on the right of Figure 13).  

The Pellet position and pellet amplitude are sensitive for shiftings in the line of sight, the laser beam 

or the fishing line target. For this reason, these readout signals are useful for aligning the cameras and 

lasers. Rotations of any kind (in the camera line of sight or laser beam profile) can be detected in the 

‘pellet position’-graph.  

Each Y-axis represents the number of occurrences and each X-axis represents the title of the graph 

(pellet position, pellet amplitude or cycle between pellets). However, this does not apply for the 

coincidence graph. The Y-axis of the coincidence graph has a range from 0 to 1. At 1 the coincidence 

between the two cameras is 100%. At the X-axis, pellet position is represented as pellet numbers. 

Coincidence between two cameras is a fraction of events which occur in the same cycle in the two 

cameras, regardless of their position at the sensor line. The signals below 100% are noise.  

In the graphs ‘cycles between pellets’, a peak at 20 cycles is shown. The CamLink works with a speed 

of 80.000 exposure cycles per second and the pulse frequency is 4 kHz resulting in 20 cycles between 

pellets. [5] 

 

Due to no immediate response in the readout and the lack of space, the PtrDAQ will not be used for 

the preparation of the DM-plates. However, the PtrDAQ will be used for testing the cameras and lasers 

attached to the pellet tracking chamber.  

 

 
Figure 13 An example of a signal readout using PtrDAQ with the target containing one string of fishing line. Upper 4 graphs 
correspond to signals detected in the left camera, lower 4 graphs correspond to the right camera on the detection module 
used (DM2). 

 

4.2.2 wxPropView 
Camera monitoring program wxPropView functions as a frame grabber for data detected by CamA and 

CamB. In Figure 14 an example of the alignment check using wxPropView is shown. Both read out 

signals from CamA (left) and CamB (right) which are shown in this Figure. 

An advantage of this program is that the thickness of the peaks is displayed very clearly. A thick and 

smeared peak can indicate that the fishing line corresponding to that peak is out of focus. However, 

this is not always the case. The smearing of the peak can also be caused by certain optical effects in 

the illumination from the laser in the fishing line. By comparing the readout signals from the same peak 

from both cameras the reason for smearing can be determined. If both readout signals display the 

same smeared peak, the smearing is probably due to the optical effects in the fishing line. In the 

alignment procedure, this method will be applied and focus can be adjusted if needed.  

The numbers on the X-axis represent the pellet position as the number of pixel. Pixel 256 is the middle 

pixels. The Y-axis represents the amplitude of the signal.  
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Figure 14 An example of the alignment check using wxPropView. On the left, the detected signals from CamA are shown, at 
the right the signals detected by CamB. 

 

4.3 Optical effects 
The strings of fishing line are homogeneous and transparent. These kind of fishing lines are a stable 

target and seem to have the most homogeneous illumination compared to other types of fishing lines 

according to previous research [3]. Due to the transparency of the fishing lines, reflections of the laser 

beamline do not happen only on the outer surface of the fishing line but also on the inner surface. 

These reflections can be detected by the cameras. In Figure 15 is shown how one laser beam reflects 

and refracts through one single string of fishing line. The arrows in this figure representing the laser 

beams are of different thicknesses. On the readout programs, the thicker arrows will be seen as a 

higher peak. As for the thinner arrows as a smaller peak.  

 
Figure 15 Reflection and refraction of one laser beam through a single string of transparent fishing line. 

 

At the test bench setup, cameras and lasers will be aligned. Air is the only medium in which the laser 

beams move through. When it comes to the pellet tracking chamber, in this project used for the testing 

of the alignments, glass is another medium for the laser beams to travel through. The fact that each 

beam travels twice through glass may cause a difference in outcome compared to the test bench setup. 

Figure 16 shows a sketch of how a laser beam is refracted by one single string of fishing line at the test 
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bench setup and the pellet tracking chamber. The blue arrows represent the movement of the laser 

beam at the test bench setup, with air as the only medium. The red arrows represent the movement 

of the laser beam moving through the pellet tracking chamber.  

 

Figure 16 The optical effect caused by refraction at the windows visualized by the red arrows. The blue arrows represent the 
movement of the laser beam without any other medium than air. 

4.4 Safety 
The DM-plates contain STR diode lasers, which can cause permanent damage to the human eye. When 

pellets are used as targets, the risk of permanent damage is even higher since the lasers have a greater 

intensity as when fishing lines are used as targets. For detection of pellets, a laser intensity of 50-

100mW is needed. The alignment with fishing lines is performed with a reduced laser intensity of 

approximately 1mW. In order to prevent any risk of eye damage caused by the lasers, safety measures 

must be followed.  

One of these safety measures is to wear safety goggles when using lasers. Also, any reflections of the 

laser must be avoided. When aligning the cameras and lasers at the test bench setup, a so-called laser 

stop is used preventing the laser beam to go further.   
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5. Results 

5.1 The Installation Method for Detection Modules 
Before installing the DM-plates on the tracking section chamber a procedure must be developed to 

install the plates. This is done using an alignment bar as a reference point. Based on measurements 

using the first developed alignment bar (alignment bar 1), an improved alignment bar has been 

developed (alignment bar 2). Images of alignment bar 1 and 2 are shown in appendix A.  

5.1.1 Alignment bar 1 
For each measurement level (ML) in each direction 4 alignment measurements are taken. After each 

measurement, the DM’s position in the XY-plane is adjusted and a new measurement is taken.  

Adjusting the plate can be challenging since only very slight changes in the position need to be made. 

Also, fixing the screws could cause a change in the DM’s position. Therefore, multiple adjustments 

need to be made in order to align the DM-plate. 

The left and right gap between the alignment bar and the DM-plate are measured twice for uncertainty 

reasons; L and R being the first measurements that were taken and L’ and R’ the second 

measurements. After the adjustments, both gaps should have a distance of (10±0,10) mm eventually. 

The accuracy of the measurements is determined if the sum of the distance of the left and right gap is 

(20 ± 0,10) mm. 

ML1  

In this measurement level, the alignment measurements are taken in the NES- and the SWN-plane. In 

Table 1 the results of the measurements at ML1 in the NES-plane coupled in point E and the alignment 

bar in point W. Table 2 shows the results of the measurements at ML1 in the SWN-plane coupled in 

point W and the alignment bar in point E.  

 
Table 1 alignment measurements of ML1 in the NES-plane 

  

Table 2 alignment measurements of ML1 in the SWN-plane 

 

ML2 

This measurement level has the DM-plate positioned in the WNE-plane (coupling point in N) and in the 

ESW-plane (coupling point in S). Aligning the bar at coupling point S for measurements in the WNE-

plane could not be executed properly, therefore the measurements taken in Table 3 and Table 4 are 

not accurate. 

 

ML1 (NES-plane)

meas. # L [mm] L' [mm] R [mm] R' [mm]

1 9,88 9,74 10,20 10,24

2 9,39 9,58 10,62 10,49

3 10,26 10,19 9,81 9,86

4 9,90 9,98 10,05 10,11

ML1 (SWN-plane)

meas.# L [mm] L' [mm] R [mm] R' [mm]

1 10,53 10,61 9,52 9,47

2 10,01 10,09 9,91 9,88

3 9,72 9,53 10,26 10,50

4 9,97 10,03 10,01 10,11
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Table 3 alignment measurements of ML2 in the WNE-plane 

 

Table 4 alignment measurements of ML2 in the ESW-plane 

 

ML3 

Measurement level 3 has coupling points positioned at the east (E) and west (W), meaning alignment 

measurements are taken in the SWN- and the NES-plane. Results for the alignment measurements in 

the SWN-plane are shown in Table 5. Table 6 shows the results of the alignment measurements for the 

NES-plane.  

 
Table 5 alignment measurements of ML3 in the SWN-plane 

 

Table 6 alignment measurements of ML3 in the NES-plane 

 

ML4 

At measurement level 4 the DM-plate can be positioned in the ESW-plane or the WNE-plane. 

Therefore, the alignment bar can be placed either at coupling point N (north) or coupling point S 

(south). Results on the alignment measurements are shown in Table 7 and Table 8.  
 

 

ML2 (WNE-plane)

meas. # L [mm] L' [mm] R [mm] R' [mm]

1 11,01 10,89 9,07 9,14

2 9,51 9,29 10,62 10,67

3 9,91 10,03 10,10 10,08

4 10,05 9,98 9,98 10,07

ML2 (ESW-plane)

meas. # L [mm] L' [mm] R [mm] R' [mm]

1 10,14 10,09 9,83 9,96

2 10,13 10,18 9,82 9,88

3 9,24 9,31 10,78 10,68

4 10,01 10,12 9,91 9,90

ML3 (SWN-plane)

meas. # L [mm] L' [mm] R [mm] R' [mm]

1 11,18 11,32 8,84 8,74

2 10,48 10,40 9,53 9,72

3 9,71 9,92 10,25 10,13

4 10,01 10,11 10,03 9,96

ML3 (NES-plane)

meas. # L [mm] L' [mm] R [mm] R' [mm]

1 10,71 10,80 9,31 9,17

2 9,52 9,45 10,57 10,60

3 10,29 10,47 9,78 9,54

4 9,97 9,96 10,02 10,13
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Table 7 alignment measurements of ML4 in the ESW-plane 

 
 
Table 8 alignment measurements of ML4 in the WNE-plane 

 
 

5.1.2 Alignment bar 2 
The alignment measurements using alignment bar 1 focus on the alignment in the XY-direction. Height 

is the only parameter that has been estimated. Alignment bar 2 has been developed to include height 

in the measurements as well, therefore height levels are marked at the ends of the alignment bar. 

Another improvement on the alignment measurements is using reference plates for aligning the 

alignment bar. Above or below both ends of the alignment bar, reference plates are attached. The 

distance between these reference plates and the ends are measured and compared to each other. If 

both distances are the same, the alignment bar is aligned. The space between each level is 2.0 mm. 

Appendix A shows the image of alignment bar 2 and the reference plates attached on the pellet 

tracking section chamber. 

For each direction and measurement level, measurements of distance between the alignment bar and 

the reference plates are taken. The DM-plate is placed horizontally by using the height levels. 

Measurements and adjustments in the DM’s position in the XY-plane are taken.  

 

ML1 

At measurement level 1, alignment bar 2 can be positioned at coupling point E (east) or coupling point 

W (west). Table 9 shows the results of aligning the alignment bar at coupling point W using the 

reference plates. For this alignment, height measurements are taken. In the same table, the results of 

the height measurements aligning the DM-plate in the NES-plane are shown. Table 10 shows the 

results of the height measurements between the reference plates and alignment bar 2 at coupling 

point E and the height measurements of the DM-plate in the SWN-plane.  

The DM-plate is positioned in the NES-plane and the SWN-plane. Results on the alignment 

measurements of the XY-plane are shown in Appendix C.  

 
Table 9 height alignment measurements of ML1 in the NES-plane 

 

ML4 (ESW-plane)

meas. # L [mm] L' [mm] R [mm] R' [mm]

1 10,43 10,45 9,47 9,56

2 10,22 10,09 9,89 9,98

3 10,11 10,01 9,99 9,98

4 9,97 10,00 10,06 9,88

ML4 (WNE-plane)

meas. # L [mm] L' [mm] R [mm] R' [mm]

1 9,37 9,51 10,59 10,59

2 9,47 9,44 10,48 10,55

3 9,85 10,03 10,07 9,93

4 9,96 9,94 10,03 10,02

meas. #

L R L L' R R'

1 1,5 0,5 63,10 63,28 62,04 61,98

2 2,0 2,0 62,63 62,56 62,44 62,49

h.bar [mm] h.ref.plates [mm]

ML1 (NES-plane)
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Table 10 height alignment measurements of ML1 in the SWN-plane 

 

ML2 

Measurement level 2 has the possibility to position alignment bar 2 at coupling point N (north) or 

coupling point S (south). Table 11 shows the results of the height measurements of the alignment bar 

at coupling point S using the reference plates and the results of the height measurements aligning the 

DM-plate in the WNE-plane. Table 12 shows the results of the height measurements between the 

reference plates and alignment bar 2 at coupling point N and the height measurements of the DM-

plate in the ESW-plane. During these measurements, the alignment bar could not be aligned properly 

at coupling point S. This can be seen in the measurements using the reference plates (h.ref.plates). 

The DM-plate is positioned in the WNE-plane and the ESW-plane. Results on the alignment 

measurements of the XY-plane are shown in Appendix C.  

 
Table 11 height alignment measurements of ML2 in the WNE-plane 

 

Table 12 height alignment measurements of ML2 in the ESW-plane 

 

ML3 

Alignment bar 2 can be positioned at coupling point E (east) or coupling point W (west) on 

measurement level 3. The results of the height measurements between the reference plates and 

alignment bar 2 at coupling point W and the height measurements of the DM-plate in the SWN-plane 

are shown in Table 13. Table 14 shows the results for the alignment bar placed at coupling point E and 

the DM-plate placed in the SWN-plane.  

The DM-plate is positioned in the NES-plane and the SWN-plane. Results on the alignment 

measurements of the XY-plane are shown in Appendix C.  

 
Table 13 height alignment measurements of ML3 in the NES-plane 

 

meas. #

L R L L' R R'

1 1,5 3,0 60,65 60,82 64,04 64,15

2 2,0 2,0 62,92 62,90 62,90 62,85

ML1 (SWN-plane)

h.bar [mm] h.ref.plates [mm]

meas. #

L R L L' R R'

1 1,0 4,0 55,10 55,19 52,90 52,88

2 3,0 3,0 54,68 54,71 53,60 53,51

ML2 (WNE-plane)

h.bar [mm] h.ref.plates [mm]

meas. #

L R L L' R R'

1 1,0 5,0 53,35 53,28 54,84 54,78

2 3,0 3,0 54,08 54,13 53,98 54,02

ML2 (ESW-plane)

h.bar [mm] h.ref.plates [mm]

meas. #

L R L L' R R'

1 2,0 2,0 64,23 64,43 64,16 64,38

2 2,0 2,0 64,25 64,25 64,31 64,38

ML3 (NES-plane)

h.bar [mm] h.ref.plates [mm]
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Table 14 height alignment measurements of ML3 in the SWN-plane 

 
 

ML4 

At measurement level 4, alignment bar 2 can be positioned at coupling point N (north) or coupling 

point S (south). Table 15 shows the results of the height measurements of the alignment bar at 

coupling point S using the reference plates and the results of the height measurements aligning the 

DM-plate in the WNE-plane. Table 16 shows the results of the height measurements between the 

reference plates and alignment bar 2 at coupling point N and the height measurements of the DM-

plate in the ESW-plane.  

The DM-plate is positioned in the WNE-plane and the ESW-plane. Results on the alignment 

measurements of the XY-plane are shown in Appendix C.  

 
Table 15 height alignment measurements of ML4 in the WNE-plane 

 

Table 16 height alignment measurements of ML4 in the ESW-plane 

 

 

5.2 Alignment of Cameras and Lasers 
The detection modules must be prepared before the attachment onto the pellet tracking chamber. 

Each camera and laser on each detection plate must be aligned. Due to time management only two 

detection plates will be prepared and installed onto the tracking section chamber.  

The laser beamline and the camera line of sight need to be overlapped, therefore the plates of the 

lasers and cameras require to have a certain height above the detection plate. Performing an initial 

alignment, the heights of the cameras are set to be 6 mm above the DM and the heights of lasers are 

set to be approximately 21,8 mm above the DM. After the initial rough alignment is done, the 

alignment continues on the test bench setup. The line of sight, the beamline and their overlapping 

point in the exact centre need to be marked on the test bench setup. These markings will act as 

guidelines when positioning the fishing line target. [6] 

 

The alignment will be followed as described in the alignment procedure in appendix B. However, 

camera readout program PtrDAQ is not used for these alignments. The PtrDAQ does not give an 

immediate response when there is a change in the signal. Another reason is that the program is tuned 

meas. #

L R L L' R R'

1 0,0 4,0 64,37 64,40 65,04 65,06

2 2,0 2,0 64,58 64,60 64,60 64,71

ML3 (SWN-plane)

h.bar [mm] h.ref.plates [mm]

meas. #

L R L L' R R'

1 2,0 3,0 124,10 123,75 125,55 125,53

2 3,0 3,0 124,88 124,73 124,61 124,67

ML4 (WNE-plane)

h.bar [mm] h.ref.plates [mm]

meas. #

L R L L' R R'

1 2,0 5,0 124,60 124,80 123,89 123,85

2 3,0 3,0 124,56 124,53 124,44 124,36

ML4 (ESW-plane)

h.bar [mm] h.ref.plates [mm]
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for measuring pellets instead of fishing line targets. The alignment procedure will be followed by only 

using wxPropView.  

 

DM-plate 1 

The alignment procedure is executed as in Appendix B only using wxPropView.  

The first steps of the alignment procedure are about aligning the cameras relative to the middle laser. 

Figure 17 shows the images of the left (image on the left of the figure) and right (right image of the 

figure) camera after these steps have been followed. These images are taken where the fishing line 

target stands in a position that the row of fishing lines has a 45° angle relative to the laser beamline. 

This position is schematically shown in Figure 12 b and c.  

 

 
Figure 17 signals of the five fishing lines (standing 45 degrees relative to the laser beamline) illuminated by the middle laser 
and readout by wxPropView. The left image is the signal from the left camera of DM1. The right image is the signal from the 
right camera. 

The procedure is continued by using the target holder consisting of one 0,08 mm transparent fishing 

line. The reason for using this target holder instead of the target holder with five fishing lines is to 

determine if the cameras and lasers are positioned in the centre. The signal of the fishing line must be 

shown at 256 on the X-axis for the cameras and lasers to be positioned in the centre as in Figure 18. 

The images in this figure show the image readout by wxPropView for both cameras with the target 

holder consisting of 1 fishing line. The left image of Figure 18 is the signal detected by the left camera 

and the right image shows the signal detected by the right camera. In this situation, both the left and 

right laser are on.  
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Figure 18 signal readout by wxPropView using target holder consisting of one string of fishing line. The image on the left is 
the signal detected by the left camera. The right image is the signal detected by the right camera. 

For the following steps, the five fishing lines target holder is used. The signal of the middle fishing line 

must be at 256 on the X-as. Step 5 of the alignment procedure, the varying of the heights of the camera 

plates to see if there are any relative rotations, is done using readout program wxPropView instead of 

PtrDAQ. Step 6 is also done using wxPropView. In this step, the (left and right) lasers will be aligned 

using the cameras as reference points.  

 

The step that follows is necessary for the finetuning of the focus of the cameras and lasers. This will be 

done with only the left ór right laser on. The fishing line target is positioned in a way that the fishing 

lines and the cameras’ lines of sight are perpendicular relative to each other and that all the fishing 

lines are in the cameras’ focal point. This position is schematically shown in Figure 12 a. One camera 

will detect refracted light from the laser as the other camera detects the reflected light. Figure 19 

shows the images from both cameras during step 7. In these figures, only the right laser is on. The left 

image of Figure 19, the signals detected by the left camera, shows the refracted light through the five 

fishing lines. The image on the right of this figure are the signals detected by the right camera and 

shows the reflected light.  
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Figure 19 the signal readout during the finetuning of the focus. The signals in the left image detected by the left camera is the 
refracted light of the right laser. The right image represents the reflected light detected by the right camera. 

The peaks in the final alignment each consist of 3-5 pixels. 

 

The camera plates must have a height of 6,0 mm above the DM-plate and the laser plates a height of 

21,8 mm according to the initial rough alignment. However, these heights do not correspond with the 

alignment due to the fabrication of the lasers. According to the system specifications of the STR lasers, 

the beam angle  is < 3 mrad. The beam angle has too much of an uncertainty for an alignment where 

the system is very sensitive to minor changes in the positions of the lasers, camera, target and even 

the DM-plate. [7] 

The camera- and laser plates should all have two holes at the front and two holes at the back to 

measure height with a Vernier calliper. This is not the case for all plates making the measurements at 

these plates challenging and uncertain. 

The actual heights of the cameras and lasers above the DM-plate are shown in Table 17.  

Table 17 heights of the cameras and lasers above detection module 1 

 

 

DM-plate 2 

For the second DM-plate, the same alignment procedure is followed starting by aligning the cameras 

relative to the middle laser. The results doing that are shown in Figure 20 (left image corresponds to 

the left camera, right image corresponds to the right camera).  

 

device height  [mm]

CamL 6,0

CamR 6,0

LasL 21,4

LasC 21,7

LasR 21,8

DM1
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Figure 20 signals of the five fishing lines (standing 45 degrees relative to the laser beamline) illuminated by the middle laser 
and readout by wxPropView. The left image is the signal from the left camera of DM2. The right image is the signal from the 
right camera.  

The alignment continues by centring the cameras and lasers. This step will be done by using the target 

holder consisting of one string of fishing line. Images of the fishing line in the centre is shown in Figure 

21. In the left image, signals detected by the left camera are shown. The right image of Figure 21 shows 

the signals detected by the right camera.  

 

Figure 21 signal readout by wxPropView using target holder consisting of one string of fishing line. The image on the left is 
the signal detected by the left camera of DM2. The right image is the signal detected by the right camera. 
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In the next steps, the alignment focusses on making sure that none of the cameras and lasers is turned. 

This is done the same way that is done with DM1, by varying the heights of the camera plates. There 

is no relative rotation when the five peaks disappear simultaneously when lowering or raising the 

camera plates. When it is certain that none of the cameras and lasers is tilted, the alignment continues 

with the finetuning of the focus. This step is also done the same way as with DM1.  

The peaks in the final alignment each consist of 3-5 pixels.  

The actual heights of DM2 also differ from the heights according to the initial rough alignment. The 

actual heights of the plates are shown in Table 18.  

Table 18 heights of the cameras and lasers above detection module 2 

 

 

5.3 Testing of the Pellet Tracking Section Chamber 
After each camera and laser is aligned and the DM-plate is installed on the pellet tracking section 

chamber, tests will be done. This way, it can be determined if any improvements or adjusting needs to 

be done on the alignments or the target system.  

Since only two DM-plates are prepared, only the bottom part of the pellet tracking section is used for 

testing (measurement levels 3 and 4).  

5.3.1 wxPropView data analysis 
In order to test if the alignment of the cameras and lasers and the alignment of the DM-plate is 

executed properly, a comparison of the results of the DM-plate attached on the test bench setup (the 

results from section 5.2) and attached on the pellet tracking section needs to be made. With this 

comparison, it can also be determined if the windows of the tracking section cause an optical effect.  

Since the readout at the test bench setup is compared to the readout at the pellet tracking section, 

the same one measurement level at a time. For this reason, DM1 and DM2 will be attached on ML4, 

the lowest measurement level.  

DM1 at ML4 

Detection module 1 is installed at measurement level 4. This installation includes the alignment 

described in section 5.1.2 with alignment bar 2 and reference plates for aligning the alignment bar. 

Figure 22 shows the comparison of the results between the signal readout at the alignment (at the test 

bench setup) and the signal readout for tests done at the tracking section. This Figure is the result of 

using the target with one string of fishing line. The left images are the signals from the alignment and 

the right image is the signal from the tests at the tracking section. Figure 22 represents the signals read 

out by the left cameras. From this figure, it seems like the optical effect caused by the refraction at the 

glass is negligible since both peaks have the same position (256) as read out at the test bench setup. 

The results from the comparison between the two situations with the right camera are shown in 

Appendix D. 

device height [mm]

CamL 6,8

CamR 6,8

LasL 21,6

LasC 21,5

LasR 21,7

DM2
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Figure 22 Comparison between the results at the test bench setup (left image) and at the tracking section (right image) for 
DM1 placed at ML4. Both signals are read out by the left cameras. The target holder consisting of one string of fishing line is 
used. 

 

The same comparison is made using the target holder consisting of one fishing line string. Figure 23 is 

the comparison of the signals read out by the left cameras. The left image in this Figure is the signal 

from the alignment and the right image is the signal from the testing done at the pellet tracking section. 

The middle peaks in both images (corresponding to the middle string of fishing line) have a position 

difference of 10 pixels relative to each other. The difference may be due to the optical effect at the 

windows. It can also be explained that the target is mispositioned. The target holders are difficult to 

place in the narrow chamber. 

 
Figure 23 Comparison between the results at the test bench setup (left image) and at the tracking section (right image) for 
DM1 placed at ML4. Both signals are read out by the left cameras. The target holder consisting of five strings of fishing line is 
used. 
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DM2 at ML4 

Also detection module 2 is installed at measurement level 4. This installation includes the alignment 

described in section 5.1.2 with alignment bar 2 and reference plates for aligning the alignment bar. 

The left image of Figure 24 shows the signal readout of the left camera at the alignment (at the test 

bench setup using the fishing line with a single string of fishing line. The right image of this Figure shows 

the signal readout with the same camera but for tests done at the tracking section. From this figure, it 

seems like the optical effect caused by the refraction at the glass is negligible since the peaks from the 

graph corresponding to the tests done at the tracking section chamber have the same position (256) 

as the peaks readout at the test bench setup.  

The outcome of the comparison readout with the right camera at detection module 2 is shown in  

Appendix D.  

 

 
Figure 24 Comparison between the results at the test bench setup (left image) and at the tracking section (right image) for 
DM2 placed at ML4. Both signals are read out by the left cameras. The target holder consisting of one string of fishing line is 
used. 

5.3.2 PtrDAQ data analysis  
For further analysing the alignments, tests are done using data acquisition program PtrDAQ. During 

these tests, data from the cameras attached on ML3 and ML4 are read out at the same time.  

The strings of fishing line in the targets used for the alignments have a maximum height of 17 cm. 

These targets are fit for using them at only one measurement level. Another target needs to be 

designed that has the height for reading out signals from two measurement levels at the same time. 

In Figure 25 the target is shown that will be used at the pellet tracking section chamber. This target 

has the appropriate height making it possible for the cameras to detect signals at two measurement 

levels at the same time. The top of the target consists of a plastic plate with a hole in the middle that 

will rest on the top of the tracking chamber (component 1 in Figure 25). Over the hole in the plate rests 

a washer with millimetre paper in the middle. Through the millimetre paper, three strings of fishing 

lines (2 in Figure 25) are fixed 1 millimetre apart from each other. These fishing lines have a diameter 

of 0,08mm. An annular weight with millimetre paper on the bottom pulls the strings tight.  
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The bottom of the tracking section chamber is covered with millimetre paper. Certain lines on this 

paper act as guidelines for placing the target in the middle. The inside of the chamber with millimetre 

paper is shown in Appendix E. In this appendix, a view of the target inside and the setup is shown.  

 

 
Figure 25 Target for reading out signals from two measurement levels at the same time. 1) Plastic plate; top of the target 
holder. 2) Three strings of transparent fishing lines with each a diameter of 0,08 mm. 3) A weight. 

 

The fact that you cannot reach the bottom fixation once inside the tracking section chamber and that 

there is no connection between the bottom fixation of the fishing lines and the upper fixation make it 

challenging to move the target in a different angle or position.  

Without pulsing 

The target is placed at different angles. In Figure 26 and Figure 27, the target is positioned in a way 

that the cameras’ lines of sight on the upper measurement level are perpendicular relative to the row 

of fishing lines (cam A and B) and that the cameras’ lines of sight on the lower measurement level are 

parallel relative to the row of fishing lines (cam C and D). In this position, cameras A and B should 

detect three signals in pellet position and pellet amplitude, since these cameras look at the target from 

the front. In Figure 26, these signals are visible. Cameras C and D however, should only detect one 

signal in pellet position and pellet amplitude, since these cameras look at the row of fishing lines from 

the side. These signals are also visible in Figure 26.  

The positions of the signals are not similar with reference to their corresponding camera. The middle 

signal (cam A and B) and the singular signal (cam C and D) should have a pellet position at pixel 256 

which is not the case. This can be explained by the fact that the fishing line target is not exactly in the 

center of the tracking section chamber.  
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In all four graphs, the pellet amplitudes do not match the amplitude of their corresponding camera. 

The explanation for this can be that not all lasers have the same intensity. In this case, the refraction 

detected in one camera can be stronger than the other and the same applies to the reflection.    

Since cameras A and B detect 3 signals operating at a speed of 80,000 exposure cycles per second 

making the rate approximately 240 k/s. Cam C and D detect only 1 signal, therefore the rate is 80 k/s.  

Figure 26 Pellet position and pellet amplitude: cameras' lines of sight on the upper ML are perpendicular relative to the row 
of fishing lines (cam A and B). The cameras’ lines of sight on the lower ML are parallel relative to the row of fishing lines (cam 
C and D). 

Figure 27 shows the graphs regarding cycles between pellets and coincidence. This figure corresponds 

to camera A (the right camera of the DM attached to measurement level 3). The graphs in Figure 27 

look similar for all cameras. The cycles between pellets peak at 0. This means that there is no cycle 

between pellet detection. The lasers illuminate the pellets with a constant beam which clarifies why 

there is only a peak at 0.  

Figure 26 (the grey area on the left) shows that the coincidence between camera A and camera B is 

99.8% and that the coincidence between camera C and D is 100%. All the coincidence graphs show 

signals at 1 (100%) on the Y-axis as in Figure 27. This means that all the events happen in the same 

cycle of the sets of cameras.  
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Figure 27 Cycles between pellets and coincidence: cameras’ lines of sight on the upper ML are perpendicular relative to the 
row of fishing lines (cam A and B). The cameras’ lines of sight on the lower ML are parallel relative to the row of fishing lines 
(cam C and D).  

 

The target is also positioned in a way that the cameras at ML4 detect three signals and the cameras at 

ML3 only one. When the target is position at 45° relative to all the cameras’ lines of sight, all four 

cameras should detect three signals. The results of this position are shown in Appendix F.  

 

With pulsing 

The last series of tests are performed with PtrDAQ and an added pulse. The pulsing simulates signals 

from pellets passing the laser beam. The frequency has been set to 4kHz. The results shown in Figure 

28 and Figure 29 correspond to a target position where the cameras’ lines of sight on measurement 

level 3 are parallel relative to the row of fishing lines (cam A and B) and that the cameras’ lines of sight 

on measurement level 4 are perpendicular relative to the row of fishing lines (cam C and D). This means 

that cam A and B look at the fishing lines from the side resulting in the detection of only one signal in 

both cameras. In the graphs pellet position (Figure 28) this is shown. The pellet amplitude however, 

seems to detect more than one signals for cam A and B. These amplitudes are relatively weak that can 

be interpreted as background noise.  

Cam C and D both detect three signals in pellet position. The graphs corresponding to this feature has 

a shorter range than for the graphs readout by cam A and B. Looking at all the pellet position graphs, 

no camera detects the signals in the exact center (pixel 256). In the graph ‘pellet amplitude’ only signals 

with a relatively low amplitude are visible. An interpretation can be made that either the target is not 

exactly in the center or that there has been a slight change in the positions of the cameras or lasers. 

 

When looking at each cameras’ rates, an observation can be made that the rate of one camera is not 

similar to their corresponding camera. Background noise would explain the differences between the 

corresponding cameras. 



30 | P a g i n a  
 

 
Figure 28 Pellet position and pellet amplitude (pulse): cameras' lines of sight on ML3 are parallel relative to the row of fishing 
lines (cam A and B). The cameras’ lines of sight on ML4 are perpendicular relative to the row of fishing lines (cam C and D). 

 

Figure 29 shows the graphs regarding cycles between pellets and coincidence for all four cameras. The 

frequency was set to 4kHz at an operating speed of 80,000 exposure cycles per seconds resulting in 20 

cycles between pellets. Figure 29 shows a peak at 20 for all cameras. When the frequency setting is 

changed to 2kHz, a peak must appear at 40 cycles between pellets. Figure 30 is the result in cycles 

between pellets when the pulse frequency is changed to 2kHz.   

Both Figure 29 and Figure 30 show graphs of ‘cycles between pellets’ that do not consist of a clean 

peak. The reason for this is the threshold setting. Signals readout with a change in the threshold is 

shown in Appendix F.  

Results of tests done with pulsing in another target position are also shown in Appendix F.  

 

Looking at coincidence percentages in Figure 28 and the coincidence graph Figure 29, the observation 

can be made that the coincidence between camera A and B is low. The PtrDAQ is tuned for pellet 

detection and not for the detection of fishing lines. This can result in a low coincidence as camera A 

and B have. In the coincidence graphs, noise is shown (signals below 100%).  

In Appendix G, signals by using real pellets instead of fishing lines are shown. This is a result of a test 

made for a previous project.  
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Figure 29 Cycles between pellets and coincidence (pulsed): cameras' line of sight on ML3 are parallel relative to the row of 
fishing lines (cam A and B). The cameras line of sight on ML4 are perpendicular relative to the row of fishing lines (cam C and 
D). 

 

 
Figure 30 Cycles between pellets at a pulse frequency of 2kHz. 
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6. Discussion 
A method for the installation of DM-plates on the tracking section chamber has been developed based 

on the alignment measurements done. The results show that aligning the DM-plate in the XY-plane 

can be executed properly with the exception of measurement level 2 (ML2). In this case, it was 

impossible to align the alignment bar at coupling point S the same way it is done at the other 

measurement levels. A possible reason for this problem is the unevenness in the screws and/or 

asymmetry of the screws on the tracking section chamber.  

The alignment bar that is used for these measurements is not accurate for aligning the DM-plate’s 

height since only an estimation is made. To make the installation and alignment more accurate, height 

measurements need to be performed using the alignment bar as a reference point. For this reason, 

alignment bar 2 is developed. On the side of alignment bar 2, height levels are marked. By also 

including the height in the measurements, the DM-plate can be aligned properly in the XYZ-plane.  

Another improvement on the alignment of the DM-plates is to include reference plates. These plates 

are used for the alignment of the alignment bar.   

The preparation of the detection modules (the alignment of the cameras and lasers) is done with 

wxPropView instead of the combination wxPropView and PtrDAQ. This decision was made because 

PtrDAQ does not give an immediate response when there is a change in the signal. Another reason for 

excluding PtrDAQ in the alignment is because the program is tuned for measuring with pellets instead 

of fishing lines. 

The alignment procedure regarding the alignment of the cameras and lasers was followed, starting by 

using the middle laser as a reference point. The procedure continues by centering the cameras and 

lasers by looking at the detected signal with one laser. Relative rotations are checked and adjusted by 

using the target consisting of five fishing lines and changing the cameras’ heights. For finetuning the 

focus points, the refracted and reflected light have been observed by illuminating the target with only 

one laser. Small peaks corresponding to the smaller reflections on the outer- and inner surface of the 

fishing lines are observed.  

The heights that the cameras and lasers have above the detection module do not correspond with the 

heights according to the initial rough alignment. Not all camera- and laser plates have holes drilled at 

the front and back to make the height measurements with the vernier calliper easier and more 

accurate. Therefore are not all height measurements during the initial and final alignments accurate. 

Nonetheless, it does not change the fact that there is a big difference between the initial and final 

alignment.  The reason for this difference in heights can be the fabrication of the lasers. Specifications 

of the STR lasers say beam angles are < 3 mrad. The beam angle has too much of an uncertainty for an 

alignment where the system is very sensitive to minor changes in the positions of the lasers, camera, 

target and even the DM-plate.  

 

The detection modules have been aligned and are installed at the pellet tracking section chamber. 

Tests are made started with the comparison between signal readout without the pellet tracking section 

chamber and with the pellet tracking section chamber. This comparison was performed with program 

wxPropView. The expectation was that the signal readouts differ slightly in position because of that 

the laser beams propagate not only through the air but also through glass when illuminating the fishing 

lines inside the pellet tracking section chamber. Despite a small difference in position observed, the 

effect of the refractions occurring at the glass windows is negligible in pellet detection.  

The tests continued with program PtrDAQ. Both without and with pulsing of the laser beams is used 

for testing at the pellet tracking section chamber. A new target holder system was required since the 

other target holders are too short to detect in both measurement levels (ML3 and ML4) at the same 
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time. The new target holder consists of three fishing lines. For the tests done with and without the 

pulsing, these three signals are visible. However, the signals are not detected in the center of the 

cameras’ lines of sight. The new target holder system is challenging to move and place exactly in the 

center causing the signals to be placed out of the center as well. There is no connection between the 

top and bottom of the target holder except for the flexible fishing lines.  

The pellet amplitudes of the cameras when testing without pulsing differ from their corresponding 

camera. The pellet amplitudes should be similar instead since both cameras look at the target from 

the same distance. An explanation for the differences in pellet amplitude can be the mispositioning of 

the target or that the lasers do not have similar intensities.  

The signals readout in the tests done with pulsing are very low in amplitude. An interpretation can be 

made that the target is not exactly in the center or that there has been a slight change in the positions 

of the cameras or lasers. Since the signals are very weak it is more likely that some of the lowest peaks 

are background noise.  

During the tests run with pulsing, the graphs regarding ‘cycles between pellets’ do not consist of one 

clean peak each due to the threshold setting. 

Detecting strings of fishing lines is very different compared to detecting pellets even though the signals 

with the fishing lines are simulated as signals with pellets by adding pulses to the laser beam. The 

PtrDAQ is tuned for detecting pellets instead of strings of fishing line. This can result in a low 

coincidence as camera A and B have. 

The camera’s rates are not similar comparing to their corresponding camera during the tests done with 

pulsing in the laser beams. Especially camera A and B do not correspond relative to each other. 

Background noise could be the reason that the camera’s rates act like this.  

Since camera A and B (measurement level 3) seem to deviate most from the expectations, a change in 

the position of a camera- or laser plate is considered. Every plate is fixed to the detection module with 

two screws and a spring underneath each of those. If a screw is fixed too loose, it is possible that the 

plate raises a little and that this plate must be aligned again.  
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7. Conclusion 
The goal of this project is to assemble the first complete pellet tracking section and prepare it for 

installation and testing at the UPTS beamline. To achieve this goal three separate tasks have been set 

up regarding the development of an installation method for detection modules onto the pellet tracking 

section chamber, the preparation of the detection modules by aligning the cameras and lasers and 

performing a series of test with the prepared detection modules installed at the pellet tracking section 

chamber. Only two of out of four detection modules have been prepared due to time management.  

The task regarding the development of an installation method for the detection modules has been 

performed. The method consists of a few steps starting with the alignment of the alignment bar using 

reference plates. The position of the alignment bar itself will be too uncertain to use as a reference 

point for the detection module when not aligned.  The distances of the gaps between the ends of the 

detection module and the alignment bar are measured and adjusted to be similar. Also, the height is 

being adjusted until both ends of the detection module are at the same height level. By following this 

method, the detection modules will be installed at the pellet tracking section chamber in a completely 

horizontal position. However, it is not possible to align a detection module at measurement level 2 due 

to uneven screws and/or asymmetry in the positions of the screws. 

The detection modules have been prepared. The cameras and lasers are aligned in a way that the 

cameras’ lines of sight and the laser beamline profiles coincide. However, the camera- and laser plates 

do not have the exact height as it has in the initial rough alignment due to the fabrication of the lasers. 

The beams of the lasers each have an angle under 3 mrad. The system is very sensitive to minor 

changes in the positions of the lasers, cameras, target and the detection module, therefore this 

uncertainty in the laser beam angle is big and the heights in the final alignment differ with the heights 

set in the initial rough alignment.  

Tests are done with the prepared detection modules attached to the pellet tracking section chamber. 

A new target holder system needed to be developed in order to detect signals in two measurement 

levels at the same time. However, this target is unstable. Its position is uncertain. 

The outcome of the tests readout with wxPropView is compared to the outcome during the alignment 

without the target being positioned in the tracking section chamber. The expectation of the 

comparison was seeing a difference in the position of the peaks due to extra refractions occurring at 

the chamber’s windows. A minor change in position has been observed. It is possible that this 

difference is due to the effect of the windows. Since the target is difficult to position inside the tracking 

section chamber, this can be another explanation. Nonetheless, the difference is so small it would not 

have a great effect on pellet detection. 

The last series of tests are performed with data acquisition program PtrDAQ. These tests are 

performed with an added pulse to the laser beams. This pulse is added to simulate the signals from 

when a pellet passes the laser beam.  

Camera A and B correspond to each other. These are the cameras attached on measurement level 3.  

Measurement level 3 has the same unexpected results in pellet position, amplitude and coincidence 

for all other target positions. It is possible that the position of a camera or laser has slightly changed. 

In this case, the DM must be aligned again.  

The PtrDAQ was not tuned for the detection of fishing lines. This could have caused the low amplitudes 

readout in the cameras on both measurement levels.  
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8. Outlook 
Throughout this project, two detection modules have been prepared and tested at the pellet tracking 

section chamber. Despite that the cameras readout signals from the fishing line targets, the tracking 

section is not yet finetuned for reading out a stream of hydrogen pellets.  

Improvements are necessary to make the pellet tracking section usable for pellet detection.  

 

First of all, the positions and heights of all the cameras and lasers on the detection module attached 

at measurement level 3 need to be checked. The position of a camera or laser may have slightly 

changed over time. In this case, the alignment must be performed again.  

 

Two more detection modules need to be prepared and installed at measurement levels 1 and 2 the 

same way that is done for the detection modules on measurement levels 3 and 4. However, the 

alignment of the detection module on measurement level 2 is not possible due to uneven screws or 

asymmetry in these screws position. A detection module and an alignment bar specially designed for 

measurement level 2 can make the alignment possible.  

 

Not all camera- and laser plates have holes drilled at the front and at the back. The purpose of these 

holes is to make the height measurements performed with a vernier calliper easier and more accurate. 

Holes need to be drilled in the plates that do not have these holes yet. This would make the hole 

alignment more accurate since it is important that the cameras’ lines of sights and the laser beamline 

profiles need to coincide exactly.  

 

The target designed for reading out signals at two measurement levels at the same time is not stable. 

This means that the positions of the strings of fishing lines are uncertain. There is no connection 

between the top and bottom of this target holder except for the flexible fishing lines. Adding rigid 

connections between the top and bottom will stabilize the target. These connections must not block 

the cameras’ lines of sight and laser beams.  

 

  



36 | P a g i n a  
 

9. References 
 

[1]  “The PANDA experiment at FAIR in Darmstadt,” PANDA, [Online]. Available: 

https://panda.gsi.de/. [Accessed September 2019]. 

[2]  M. Williams, “Fermilab at work,” Fermi Research Alliance, 6 Februari 2014. [Online]. Available: 

https://news.fnal.gov/2014/02/seeing-double-in-proton-antiproton-collisions/. [Accessed 24 

September 2019]. 

[3]  J. Regina, “A Measurement Level Module for a Pellet Tracking System,” Uppsala Universitet, 

Uppsala, 2017. 

[4]  e. s. SAS, “Camera Link Line Scan Camera Datacheet,” e2v semiconductors SAS, 2009. 

[5]  A. Pyszniak, “CamControl Data Acquisition for Pellet Tracking,” Uppsala Universitet, Uppsala, 

2015. 

[6]  D. Wesman, “Mechanical design of a pellet tracking detection module,” Uppsala Universitet, 

Uppsala, 2016. 

[7]  Coherent, “Specifications Coherent StingRay,” Coherent, Inc, U.S.A, 2013. 

[8]  H. Calén, Pellet Target for PANDA, Uppsala: Uppsala Universitet, 2010.  

[9]  K. Fransson and H. Calén, Writers, Starting of the line-scan camera monitoring at the pellet 

detection module (DM) tabletop setup. [Performance]. Uppsala Universitet, 2017.  

 

 

 

  



A | P a g i n a  
 

Appendix A: Alignment Bars 
 

In Figure 31 and Figure 32 the alignment bars used for the alignment of the DM-plates are shown. 

The upper part of both alignment bars is used for the attachment on the pellet tracking chamber. 

The difference between alignment bar 1 and alignment bar 2 is the fact that alignment bar 2 has 

height levels at the ends of the bar. These height levels should give an accurate indication of the 

horizontality of the DM-plate. 

 
Figure 31 alignment bar 1 

 

 
Figure 32 alignment bar 2 with height levels on the ends. 

 

Figure 33 shows an image of alignment bar 2 (indicated with number 1) and the reference plate 

(indicated with number 2). The lines on the side of alignment bar 2 are the height levels.  

 

 
Figure 33 Alignment bar 2 (1) and the reference plate (2).  
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Appendix B: Alignment procedure DM-plate with PtrDAQ and 

wxPropView 
 

The alignment of lasers A and B and cameras A and B is performed by using laser C as a reference point. 

Both camera monitoring programs PtrDAQ and wxPropView are used in this alignment procedure.  

1. Place the DM-plate roughly in horizontal position by using spirit levels.  

2. With slightly transparent millimetre paper the state of the laser beamline profile is checked. 

Every laser beam profile requires to be: 

a. On the same height as the other laser beam profiles.  

b. Focussed in the central position. 

c. Roughly in a horizontal position.  

By using rear micrometre screws the lasers can be adjusted to a position that fulfil the 

requirements. With a Vernier Calliper, heights of the laser and camera plates are measured in 

order to check if the plates are horizontal. Initially, the laser plates have a height of 21.8 mm 

above the DM-plate and camera plates have a height of 6 mm above the DM-plate. Note that 

the laser beam profile rotates along the laser beam. Therefore, the centre of the beam needs 

to be estimated. 

3. A target with five fishing lines in a row is placed in target position with a 45° angle between 

the row of fishing lines and the laser beam of LasC as shown in position b) and c) in Figure 34. 

Both of these positions are used for the alignment. With marks on the DM-plate and on the 

target holder plate a central position for the targets can be estimated.  

PtrDAQ 

4. Determine if there is an overlap between the camera line of sight and the laser beam with 

program PtrDAQ. Requirements for an optimum overlap are: 

a. The positions of five fishing lines are detected, five peaks must be visible in the pellet 

position chart. A maximum of peaks is required.  

b. The amplitude reads out different peaks of intensity since some fishing lines are closer 

to the camera than other fishing lines. A maximum of amplitudes is required. 

To fulfil these requirements micrometre screws on the camera plates can be used. The 

cameras are aligned with respect to laser C.  

5. For checking relative rotation in the laser beam profile or the camera line of sight the fishing 

line target should be placed in position a) shown in Figure 34, since each fishing line in positions 

b) and c) differ in distance from the camera. Vary the height of the camera plate with the rear 

adjustment screws to observe possible rotations between the camera line of sight and the 

laser beam profile in PtrDAQ. A ±1/4 turn of this screw corresponds to a change in height of 

±62.5μm. There is no relative rotation when the pellet position peaks disappear 

simultaneously. If this is not the case, one of the cameras or lasers should be adjusted in 

rotation. After the adjustment step 4 must be repeated. Note that step 4 uses target positions 

b) and c) shown in Figure 34. 

6. Alignment of LasA and LasB can be done using the cameras as their reference point the same 

way is done aligning the cameras with LasC in step 4. The alignment is checked by looking at 

the reflected light from LasA into CamB and the reflected light from LasB into CamA. The 

overlap region is analysed by moving the camera line of sight and the laser beam.  
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wxPropView 

7. Camera monitoring program wxPropView is used to determine how much adjustment on the 

focus of the cameras is needed. When using position a) of Figure 34, all fishing lines must be 

placed in the focal point of both cameras since each fishing line has the same distance to the 

cameras. When using position b) and c) only the central fishing line must be focused. If a 

fishing line is out of focus, wxPropView displays a smeared peak. However, smeared peaks 

can also be caused by certain optical effects in the illumination from the laser in the fishing 

line. To determine if the smeared peak is due to optical effects or out of focus, a comparison 

in the signals of both cameras need to be made. If both graphs have the same smeared peak, 

the smearing is probably due to optical effects. If not, the focus needs to be adjusted to a 

peak with minimum smearing.  

 

  

 
Figure 34 Angles of the fishing line target. The five dots represent the five fishing lines placed in a row. 
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Appendix C: Measurements alignment bar 2 
The tables in this appendix are the corresponding distance measurements done for aligning a 

detection module on the four different measurement levels.  

ML1 

 
Table 19 alignment measurements of ML1 in the NES-plane (alignment bar 2) 

 

Table 20 alignment measurements of ML1 in the SWN-plane (alignment bar 2) 

 

ML2 

 
Table 21 alignment measurements of ML2 in the WNE-plane (alignment bar 2) 

 

Table 22 alignment measurements of ML2 in the ESW-plane (alignment bar 2) 

 

ML3 

 
Table 23 alignment measurements of ML3 in the NES-plane (alignment bar 2) 

 

meas. # L [mm] L' [mm] R [mm] R' [mm]

1 10,11 10,08 9,91 10,03

2 9,74 9,56 10,41 10,46

3 10,61 10,68 9,51 9,45

4 9,94 9,98 10,07 10,03

ML1 (NES-plane)

meas. # L [mm] L' [mm] R [mm] R' [mm]

1 9,53 9,55 10,44 10,49

2 10,29 10,37 9,69 9,63

3 9,62 9,70 10,39 10,26

4 9,93 9,96 10,04 10,06

ML1 (SWN-plane)

meas. # L [mm] L' [mm] R [mm] R' [mm]

1 9,76 9,91 10,27 10,15

2 10,69 10,79 9,28 9,25

3 9,89 9,79 10,10 10,19

4 9,99 10,08 10,02 9,94

ML2 (WNE-plane)

meas. # L [mm] L' [mm] R [mm] R' [mm]

1 11,33 11,24 8,82 8,85

2 10,62 10,66 9,53 9,51

3 10,03 10,06 10,08 10,02

4 10,13 10,01 9,96 9,99

ML2 (ESW-plane)

meas. # L [mm] L' [mm] R [mm] R' [mm]

1 10,07 10,05 9,95 10,01

2 9,57 9,54 10,48 10,43

3 10,29 10,28 9,71 9,74

4 10,07 10,05 9,91 9,95

ML3 (NES-plane)
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Table 24 alignment measurements of ML3 in the SWN-plane (alignment bar 2) 

 

ML4 

 
Table 25 alignment measurements of ML4 in the WNE-plane (alignment bar 2) 

 

Table 26 alignment measurements of ML4 in the ESW-plane (alignment bar 2) 

 

  

meas. # L [mm] L' [mm] R [mm] R' [mm]

1 10,72 10,81 9,38 9,36

2 10,16 10,23 9,78 9,84

3 9,35 9,41 10,62 10,53

4 10,04 10,01 9,93 9,98

ML3 (SWN-plane)

meas. # L [mm] L' [mm] R [mm] R' [mm]

1 9,65 9,60 10,43 10,49

2 10,38 10,41 9,57 9,59

3 9,91 9,90 10,17 10,19

4 9,94 9,98 10,06 10,03

ML4 (WNE-plane)

meas. # L L' R R'

1 10,19 10,11 9,93 9,93

2 9,53 9,47 10,42 10,53

3 10,08 10,15 9,88 9,84

4 9,97 9,93 10,06 10,10

ML4 (ESW-plane)
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Appendix D: wxPropView comparisons 
In this appendix, further comparisons between the signals readout at the alignment and at the pellet 

tracking section chamber are shown. Both Figure 35 (DM1) and Figure 36 (DM2) are readout by the 

right cameras on the detection module.  

 
Figure 35 Comparison between the results at the alignment (left image) and at the tracking section (right image) for DM1 
placed at ML4. Both signals are readout by the right cameras. The target holder consisting of one string of fishing line is 
used. 

 

 
Figure 36  Comparison between the results at the test bench setup (left image) and at the tracking section (right image) for 
DM2 placed at ML4. Both signals are readout by the right cameras. The target holder consisting of one string of fishing line 
is used. 
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Appendix E: The new target system 
This appendix explains the positioning of the new target system in the pellet tracking section 

chamber.  

 
Figure 37 The inside of the tracking section chamber. The bottom is covered with millimetre paper. This helps with 
positioning the target. 

 

 
Figure 38 The view on the target from an observation window at the tracking section chamber. 
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Figure 39 The tracking section chamber with the DM’s attached on ML3 and ML4 and the new fishing line target inside. 
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Appendix F: PtrDAQ analysis 
Further results readout by the PtrDAQ with different target positions and settings are shown in this 

appendix.  

Without pulsing 

Figure 40 shows the signals detected by all four cameras where the row of fishing lines has a 45° 

angle relative to each camera line of sight. Therefore three signals in pellet position are detected in 

each camera. Some amplitude signals are relatively low but the three different strings of fishing line 

can also be distinguished in the amplitude graphs of cameras A, C and D. In camera B however, only 

two different signals can be distinguished.  

 
Figure 40 Signals readout from the cameras at ML3 and ML4. The target has an angle of 45° relative to each camera line of 
sight. No pulse is added to the laser beams. 

  

With pulsing 

Figure 41 shows the results of the signals readout by a frequency of 2kHz and a position where the 

row of fishing lines are perpendicular to the cameras’ lines of sight of measurement level 3. The row 

of fishing lines is parallel to the cameras’ lines of sight of measurement level 4. Therefore cameras A 

and B detect three signals and cameras C and D only one.  

In camera A only one signal can be distinguished in the amplitude signal.  

In cycles between pellets, a peak occurs at value 40 since the frequency is 2kHz.   
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Figure 41 A pulse of a frequency of 2kHz is added to the laser beams. These are the signals readout by the cameras. The 
range in pellet position of cam A and B is shorter than for cam C and D. 

 

The threshold setting is changed. Figure 42 shows the results when the threshold setting is at its 

lowest.  

The frequency is set to 4kHz during this data taking.  

Less noise is visible in the figure.  

Coincidence between camera A and camera B is extremely low whereas the coincidence between 

coincidence between camera C and D is high as expected. A possible reason for this is that the 

features for camera A and B are not finetuned for reading out fishing lines.  
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Figure 42 The signals readout with the threshold set to the lowest level. 
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Appendix G: Example of signals readout with a stream of pellets 

(PtrDAQ) 
This appendix contains an example of data readout using pellets. [5] 

 
Figure 43 Data readout with PtrDAQ. Detection of a pellet stream. 

 


