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Abstract 

3D dose verification has important advantages for comprehensive verification of 

advanced radiation treatments.  We have designed, constructed, installed, and 

commissioned an in-house prototype three dimensional (3D) dose verification system 

for a joint international collaboration (Duke and Princess Margaret Cancer Centre 

(PMCC), Toronto) to investigate the comprehensive accuracy of stereotactic body 

radiotherapy (SBRT) treatments. The potential of this system to achieve sufficient 

performance (1 mm resolution, 3 % noise, within 3 % bias) for SBRT verification was 

investigated. 

The system, termed PMOS, was designed utilizing a parallel ray geometry 

instigated by precision telecentric lenses and an 630 nm LED light source. Using 

PRESAGE® radiochromic dosimeters, a 3D dosimetric comparison with our gold-

standard system and treatment planning software (Eclipse®) was performed for a four-

field box treatment (8 Gy per fraction), under gamma passing criteria of 3 %/3 mm/10 % 

dose threshold. Post off-site installation, deviations in the system’s dose readout 

performance was assessed by rescanning the four-field box irradiated dosimeter and 

using line-profiles to compare on-site and off-site mean and noise levels in four distinct 

dose regions. As a final step, an end-to-end test of the system was completed at the off-

site location, including CT-simulation, irradiation of the dosimeter and a 3D dosimetric 
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comparison of the planned dose (Pinnacle3) to delivered dose for a spinal SBRT 

treatment(12 Gy per fraction). 

The gamma pass rate for the 3D gamma comparison between the PMOS and our 

gold-standard Duke Large Optical Scanner (DLOS) dose distribution was 99.1% under (3 

%, 2mm, 5 % threshold) criteria. Under 3 %, 1mm, 5 % threshold, the gamma 

comparison between the systems was 95.6 %.  Using line profiles, the dose difference 

between the readout of the PMOS at Duke and PMCC for the same irradiated dosimeter 

was between 0-1 Gy. At 1mm reconstructed dose voxels, the gamma pass rate was 95. 

27% (3 %, 2 mm, 5 % threshold) for the gamma comparison between the measured 

PMOS and calculate Pinnacle3 dose distribution. The majority of the failing voxels of the 

gamma map were in the high dose regions of the dose distribution. By rescanning the 

dosimeter in the DLOS, the PMOS’ dose readout was ruled out as the source of the high 

dose (>14Gy) disagreement. The sensitivity of the PRESAGE® dosimeter and the 

parameters for the Pinnacle3 dose calculation will be further investigated as possible 

sources for the error. 

This work will describe the end-to-end process and results of designing, 

installing, and commissioning a state-of-the-art 3D dosimetry system created for 

verification of advanced radiation treatments including spinal radiosurgery. 
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As an initial step towards this goal, I worked on a related project to evaluate a 

prototype of our in-house 3D dosimetry system using Fresnel lens and a ‘solid tank’ 

made of PRESAGE® like material.  
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1. Introduction 

1.1 Rationale for Presage®/Optical-CT 3D dosimetry system for 
off-site use 

Princess Margaret Cancer Center (PMCC) (Toronto, Ontario, Canada) leads a 

multi-phase collaborative quality assurance (CQA) program to provide a comprehensive 

assessment of the external planning and delivery performance of centers across Ontario, 

Canada1. For the first phase, the planning exercise was completed with a head-and-neck 

(H&N) case using both static gantry and rotational IMRT. The quality assurance 

procedure included both a planning task and a delivery verification component. The 

planned dose to delivered dose agreement (pass rates) for 3 %/3 mm gamma evaluation 

was greater than 90 % (92.6 %-99.6 %) for all centers. The analysis of the H&N plans led 

to the identification of potential areas of optimization such as jaw and multi-leaf 

collimator (MLC) calibration. Formulating recommendations to optimize the beam 

models used in the three-dimensional (3D) treatment planning software (TPS) of these 

centers has been challenging.  

For the second phase of CQA, a multi-site dosimetric evaluation of planned-and-

delivered treatments using a Presage® (Heuris, Pharma)/Optical-CT 3D dosimetry 

system to (1) generate a measured 3D dose map for multiple treatment techniques  (2) 

adjust selected TPS beam model parameters iteratively, using PMCC’s Automated Beam 

Modelling Optimization System (ABMOS)2,3, to maximize the agreement between the 

measured and planned 3D dose distribution is being proposed. 
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In this work, the challenge of designing, constructing and commissioning a state-

of-the-art Presage®/Optical-CT dosimetry system for off-site installation within the 

Department of Radiation Oncology at PMCC is addressed.  In addition, this work 

addresses the specification that this system can achieve sufficient performance (1mm 

resolution, 3% noise, within 3% bias). For verification at our offsite partner, a spinal 

radiosurgery treatment was done as it provides a sufficiently challenging test for 

assessing measurement performance.  A PMOS Standard Operating Procedures (SOP) 

document to be used by PMCC was compiled and included in Appendix A.  

1.2 Rationale for low-cost Presage®/Optical-CT 3D dosimetry 
system with increased practicality  

The Duke Fresnel Optical-CT Scanner (DFOS) attempts to recreate DMOS 

performance with lower cost components and a radical change to tank design to 

relatively low-cost Fresnel Lens and a “solid” tank to minimize refractive index 

matching fluid in an attempt to  reduce the cost and increase practicality of the 

Presage/optical-CT 3D dosimetry approach. Chapter 4 outlines my role as co-author in a 

journal submission to Physics in Medicine and Biology. 
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2. Overview of PRESAGE®/Optical CT 3D Dosimetry  

Imaging of opacity change in PRESAGE3® (Heuris Pharma) radiochromic 

polymer gels through optical computed tomography (optical-CT) systems is a well- 

established 3D dosimetry technique within the 3D Dosimetry and Bio-Imaging lab at 

Duke University Hospital (Durham, North Carolina, USA) 4,5,6. The principle of the 

optical scanner is similar to the first generation of x-ray CT scanners employing a 

parallel beam7. Here, we briefly summarize its principle and configuration [Figure 1].  

 

Figure 1: Previous configuration of the optical-CT scanner in the Duke 3D 

Dosimetry and Bio-Imaging lab  

A matched telecentric lens allows collimation of the LED source (peak output of 630nm) 

into a parallel beam that maintains spatial distribution as it passes through the 

PRESAGE7® dosimeter to the CCD camera.  The refractive-index matching tank 

minimizes refraction and reflection of the light beam at the dosimeter interface. Multiple 
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projections of the dosimeter allow 2D maps of optical attenuation coefficients to be 

obtained using standard CT reconstruction algorithms8,9,10. 
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3. Off-site 3D Dosimetry Scanner 

3.1 Construction with Key Design Considerations 

Several key designs were considered that allow long-term use at an off-site 

location with low maintenance and high accuracy. These include an improved filter 

holder on the imaging side, improved diffuser holder, incorporation of improved lens 

shutters, improved tank design to increase usability and field of view and improved 

mounting for lens to reduce positional uncertainty for alignment. Based on these 

designs, the scanner termed PMOS, was assembled with precision machined parts 

(Duke Medical Machine Shop, Durham, NC) [Figure 2] and commercial off-the-shelf 

parts [Table 1]. 

Table 1: Make and Models for the off-the-shelf components of the PMOS 

Part Make Model 

Imaging Lens Opto-Engineering(Italy) TC23144 

Illuminator Lens Opto-Engineering(Italy) LTCLHP144-R 

CCD Camera Allied Vision (Germany) Manta G-145 

Anti-reflective Glass  Edmund Optics (USA) 63219 

Filter (632nm +/- 10nm) Edmund Optics (USA) 911606 

Diffuser (2x 120mm) Edmund Optics (USA) 27391 

DC Servo Motor  ThorLabs (USA) CR1-Z7E 
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Figure 2: Constructed PMOS, with labelled key components, after installation 

at PMCC (Toronto, Canada)  

 

Future work is planned to increase the usability of the tank including a lowering 

mechanism and a holding mechanism to drain excess fluid from the dosimeter.  

3.2 Performance Tests at Duke University Hospital 

3.2.1 Optical Diffuser In or Out? 

The addition of an optical diffuser to previous scanner prototypes helped reduce 

the noise and increased uniformity in the projections. The addition also desensitized the 

system to imaging artifacts due to Schlieren bands in the dosimeter. Schlieren structures 

are visible streaks resulting from small variations in density presumably caused by a 

non-ideal mixing of the dosimeter creating slight differences in refractive index and 

resulting in loss of signal11. However, an optical diffuser may detune the parallel ray 

geometry instigated by the telecentric lenses.  

LED with diffuser 

Telecentric Lens 

CCD 

Tank 

Pump 

Motor 

PRESAGE® 

Rotation Stage 
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With the inclusion of a more sensitive and reliable CCD camera and LED source, 

matched telecentric lens and improved PRESAGE® manufacturing practices, the 

removal of an optical diffuser for the off-site scanner was investigated. 

Figure 4 confirms the continued presence of Schlieren structures within 

dosimeters and their visible reduction with 2x 120mm diffusers (Edmund Optics, New 

Jersey). 

 

Figure 3: Importance of Diffuser: (A) Optical-CT projection of an unirradiated 

dosimeter with no diffuser in system (B) Optical-CT projection of reduced Schlierin 

bands with 2x 120mm Edmund Optics diffusers in system (red arrows pointing to 

Schlierin bands) 

 

Data on the uniformity of the flood image with and without the diffuser was also 

collected. There was a significant reduction in noise in the dosimeter region (sigma of 

231.5 to 130.9 counts) when a diffuser was introduced into the system. This noise 

reduction was accompanied by an increase in counts in the center of the image relative 

to the edges [Figure 5].  

A B 
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Figure 4: Investigation of diffuser on image noise: Central Line Intensity 

profiles for flood images with and without, 2x120mm diffusers. Sigma values over the 

dosimeter region are also displayed. 

 

 

The higher counts in the center of the image are acceptable, and preferably, given 

that the greatest reduction of counts between pre- and post- radiation occur in in the 

center of the image.  

With the identified need for a diffuser, several different diffuser positions were 

tested to create the most uniform signal within an un-irradiated dosimeter [Figure 6]. 

The back of the diffuser holder was identified as the optimal position to give the lowest 

spatial distribution of noise in projections. 
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Figure 5: Horizontal Line profiles through the center of the optical-CT 

projection with an un-irradiated dosimeter and diffusers at different positions within 

the diffuser holder 

3.2.2 Resolution and Focus over Tank Region  

Here we investigated the change in resolution and focusing of the system across 

the region of the tank using three points: the center of the tank and both edges. The 

edges of the tank were chosen to represent the extremes of the working distance needed 

for the system. Using the bar phantoms’ transparency [Figure 7], the system was able to 

meet the 1mm resolution requirement across the tank region. As expected, the focus 

degraded at the edges of the tank region. 
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Figure 6: Bar phantom at the center (B) and opposite ends (A & C) of the tank 

filled with the refractive-index matching fluid for PMOS 

3.2.3 Dose Comparison  

A 3D dosimetric comparison with our Duke Large Optical-CT Scanner (DLOS) 

gold-standard system and Eclipse (Varian Medical Systems, Palo Alto, CA) treatment 

planning software (TPS) was done for a simple four-field box treatment, under gamma 

passing criteria of 3 %/3 mm/10 % dose threshold.   The DLOS system has been 

extensively characterized and commissioned for clinical 3D dosimetry.  A CT scan was 

taken of a 1kg (11 cm (h) x 10 cm (d)) dosimeter and imported to Eclipse for dose 

prediction. The box treatment was delivered by 4 cm x 10 cm 6 MV beams at a dose rate 

A 

B 

C 
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of 600 MU/min to give a prescription dose of 800 cGy. After treatment, the irradiated 

dosimeter was subsequently scanned with both the DLOS and PMOS.  

Agreement was evaluated using the Computational Environment for 

Radiotherapy Research (CERR) 12 analysis code, and comparing gamma maps. The 3D 

dose cubes were reconstructed at 1mm voxels with no smoothing applied. Under a 3 %,3 

mm, 10 % threshold criteria, the gamma pass rates were 93.2 % and 95.8 %, respectively, 

compared to Eclipse TPS dose calculations [Figure 8]  

 

Figure 7: Gamma map comparisons (3 mm,3 %,10 % dose threshold) performed 

at Duke for the central slice of the 3D dose readouts of the PMOS and DLOS scanners 

compared to Eclipse treatment planning software for  box treatment 

 

For a more direct comparison of the PMOS and the DLOS gold standard, a 3D 

gamma comparison was performed between the reconstructed doses of each scanner for 

increasingly stringent criteria (3 %/2 mm/5% threshold, 3%/1 mm/ 5 % threshold and 2 

%, 1 mm/5 % threshold) . A passing rate of 99.1% for 3 %/2 mm/ 5 % threshold implied a 

comparable readout performance of the PMOS. 

DLOS: 95.8% PMOS: 93.2% 

r =1 
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Figure 8: Representative slices in orthogonal views of 3D gamma map 

comparison for various gamma criteria with passing ratesbetween PMOS and DLOS 

for a four-field box treatment  [Red are areas that failed: r>1] 

Using side-by-side orthogonal dose maps, a qualitative comparison of the 

reconstructed dose of the PMOS and DLOS was performed [Figure 9] showing good 

agreement.  
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Figure 9: Side-by-side orthogonal dose maps for the PMOS and DLOS for the 

four field box treatment  

3.3 Shipping and Installation at Princess Margaret Cancer Center 

The PMOSscanner was disassembled partially and  driven from Durham, NC to 

Toronto, Canada. It was reassembled at Princess Margaret Cancer Center within their 

Department of Radiation Oncology over two days. Flood images [Figure 10] were 

acquired at different stages of the installation to qualitatively assess the alignment of the 

system before conducting performance tests. 
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Figure 10: Flood images acquired at different phases of the installation at 

Princess Margaret Cancer Center (A) All components installed except the tank with 

index-matching fluid (B) All components installed (C) All components installed and  

filtering of fluid for 10+ hours 

3.4 Performance Tests at Princess Margaret Cancer Center 

3.4.1 Deviations in Dose Readout Post Installation 

Deviations in the PMOS dose readout performance, post-installation, were 

assessed by rescanning the four-field box irradiated dosimeter from the dose 

comparison performance test done at Duke.  Qualitative comparisons of the dose 

readouts of the PMOS, before and after installation at PMCC were compared using Line 

Intensity Profiles through the trans-axial plane [Figure 11]. The mean dose values across 

elevated noise levels were within 3% of the Eclipse predicted dose. For the PMOS 

profiles, there was a substantial decrease in noise after installation at PMCC compared 

to assembly at Duke. The level of noise in reconstructions is dependent on the quality of 

the flood image and the voxel size of the reconstruction. This noise decrease could be 

due to the more uniform flood acquired at PMCC compared to Duke [Figure 10, III]  as 

well as, the decision to clock the dosimeter to the right when it is placed on the stage to 

ensure repeatable of dosimeter position between pre- and post- scans.  

A B C
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Figure 11: Pre vs Post Installation Comparison: Line profiles through axial 

reconstructed dose (1mm voxels, no smoothing) for PMOS at Duke (purple) and 

PMOS at Princess Margaret Cancer Center (PMCC) (red). The difference between the 

doses is also displayed.  

 

3.4.2 Stereotactic Body Radiosurgery Therapy Verification 

End-to-end test of the system was completed at the off-site location, including a 

CT-simulation where the dosimeter was immobilized with bolus. Small registration 

holes were drilled at the top and bottom of the dosimeter to help with registration of the 

reconstructed dose with the CT scan in CERR.  Following irradiation of the dosimeter, a 

3D dose cube was reconstructed at 1mm voxels with 5 pixel smoothing. A qualitative  

dosimetric comparison of the planned dose (Pinnacle3 , (Philips Medical Systems 

Madison, WI)) to delivered dose was done for a single-field spinal SBRT treatment(12 

Gy per fraction, 4620 MU) [Figure 12].  
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A quantitative comparison of the planned dose to measured dose was performed 

using line profiles through different dose regions of the spinal SBRT dose distribution. 

The difference between the line profiles was greatest at 2 Gy to 4.98 Gy through areas of 

high dose (> 15Gy) as shown in [Figure 13].  

Figure 12: Representative dose maps for spinal radiosurgery treatment by PMOS 

and Pinnacle3 Top row – Measured data set in single slice with sagittal, coronal and 

axial views. Bottom row – Pinnacle3 calculated data sets for the same slice with 

sagittal, coronal and axial views. 
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Figure 13: Line profiles for PMOS (red) and Pinacle3 (blue) dose distributions 

through the high dose (top), medium dose (center) and low dose (bottom) regions of 

the spinal SBRT treatment. The difference between both dose distributions is also 

shown (black). 

Progression to increasingly lower dose levels produces improved agreement 

between the line profiles of the measured dose and planned dose.  A 3D gamma map 

under criteria (3 %, 3mm, 15 % threshold) had a passing rate of 95.27 % with the failing 

areas in red occurring in the high dose regions of the dose distribution [Figure 14]. 
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Figure 14: Orthogonal slice of 3D Gamma comparison of PMOS and Pinnacle3 

dose distributions under 3 %/3 mm/ 15 % threshold with a 95.27 % pass rate. The 

failed pixels in red are in the high dose regions. 

To further investigate, the dosimeter was rescanned in our gold standard DLOS which 

produced similarly shaped line profiles for the dose regions [Figure 15].  

 

Figure 15: Preliminary Data: Line Profiles in high dose region of SBRT dose 

distribution for PMOS (red) and DLOS (green, 9 days later) and Pinnacle3 TPS (blue) 

showing similar pattern in PMOS and DLOS readout.  
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Using this preliminary data to rule out the PMOS’ dose readout as the source of this 

dose-dependent agreement, the sensitivity of the PRESAGE® dosimeter and the 

parameters for the Pinnacle3 dose calculation will be further investigated. 
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4. Overview of Low-Cost and Practical Presage®/3D 
Dosimetry System 

In this work a prototype telecentric system (DFOS - Duke Fresnel Optical-CT 

Scanner) was evaluated which incorporates two substantial design changes: the use of  

Fresnel lenses which significantly reduces the system’s cost, and the use of a solid 

PRESAGE®‘ ‘tank which reduces noise, and the volume of refractively matched fluid 

from 1l to 10cc. My role in this work was acquiring images on the DFOS system, 

including fluid matching, and Gamma dose comparisons in Computational 

Environment for Radiotherapy Research (CERR) between reconstructed dose 

distribution by the DFOS, Duke Large Optical-CT scanner (DLOS), Duke Medium 

Optical-CT scanner (DMOS) and Eclipse dose predictions for three treatment plans. My 

involvement also extended to the writing of the final manuscript in Appendix A. 
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5. Conclusion 

Overall, the end-to-end process and results of designing, installing, and 

commissioning 3D dosimetry system created for off-site verification of spinal 

radiosurgery was encouraging.  

The inclusion of precision machined parts into the PMOS design allowed for 

reproducible alignment of the system at Princess Margaret Cancer Center (PMCC). The 

largest source of misalignment error seems to be positional uncertainty of the dosimeter 

on the rotation platform in between optical-CT scans. Therefore, special attention needs 

to be paid to mounting the dosimeter on the stage to avoid any deviations during 360 

scan. The readout performance of the PMOS for spinal radiosurgery treatment was 

within the 1mm voxel criteria but the noise level was over 1%.  

For the four-field box, there was good agreement between the reconstructed dose 

of the PMOS and our gold-standard DLOS. The gamma 3D maps showed failing at the 

edges of the dose distribution as the criteria became increasingly stringent. These failing 

regions may be reduced by re-registration of the reconstructed doses. 

Qualitatively there was good agreement between the PMOS-measured and 

Pinnacle3-planned dose maps for the spinal SBRT treatment. However, the line profiles 

for measured dose -planned dose comparison showed less agreement as the dose of the 

region of interest increased. Having ruled out the PMOS scanner dose readout as the 
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source of error, further investigation of dosimeter oversaturation and incorrect 

calculations by the Pinnacle3 treatment planning software will need to be done. 

At the time of writing, only a single end-to-end SBRT dosimetry verification had 

been performed in the time limits of this thesis work.  The results presented are based on 

a single dosimeter, and therefore there needs to be further investigated with follow up 

verifications on other dosimeters.For future work, a gamma 3D comparison (3%, 3mm, 

10% threshold) of PMOS reconstructed dose and Pinnacle3 treatment planning software 

at PMCC will be completed to quantitatively investigate the dose readout performance 

of PMOS for spinal radiosurgery body treatments (SBRT). With an ultimate criteria of 1 

%,1 mm, 5 % threshold for phase two of the CQA to be used. In light of the larger dose 

volumes used in SBRT plan, a study with a larger 2 kg dosimeter would be more ideal 

for validating SBRT plans across the province of Ontario.  

The Duke Fresnel-based Optical Scanner (DFOS) provides first steps to transition 

optical-CT 3D dosimetry scanners from our high-cost systems with 1 l aquariums (DLOS 

and DMOS) to cost-effect system with 10 cc ‘solid’ tank that maintain comparable 

resolution and accuracy.  Although not on par with DLOS and DMOS, the results are 

encouraging for further investigation of improving the DFOS capabilities. 
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Appendix A - Standard Operation Procedures for 
Presage/Optical CT Dosimetry  

  

The SOPs below were compiled and edited by Javian Malcolm for the PMOS, 

with invaluable contributions from Titania Juang, Stewart Mein and Andrew Thomas.  

Major Components 

 

 

Setting up FOV for gel dosimeter 

Steps: Open National Instruments Measurements and Experiments (NI-MAX). 

 and navigate to acquisition attributes 

Telecentric Lens 

(Optoengineering, 

) 
Manta G-145 CCD 

Camera 

(Allied Vision 

LED + 2x 120mm 

diffuser 

(Optoengineering

, Italy) 

Tank 

(Machined, Duke USA) 

Peristaltic Pump 

Motor 

Controller 

(Thorlabs, USA) 
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Fluid Matching 

Materials: Refractometer, Octyl Cinnamate (Index Range: 1.542-1.561), Octyl 

Salicylate (Index Range: 1.495-1.505), Light Mineral Oil (Index Range: 1.461-1.467), 

Mixing Basin, Stirrer 

Concept: There is currently no quantitative metric to define a well matched fluid. 

However, the target range for the refractive index (RI) of the fluid is normally between 

1.495-1.497. The goal is to minimize the image artifacts at the boundary of the dosimeter 

and the fluid. 

Step 1: 

Select 

Allied 

Vision 

Technolo

gies 

Manta G-

145B in 

NI-

IMAQdx 

Devices 

Step 2: Select Grab 

Step 3: Select Acquisition 

Step 4: Save 
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Steps: 1.  For a starting point, it is best to add mineral oil to the basin and 

measure the refractive index (RI) with the refractometer. 

2.  Add incremental amounts of octyl cinnamate to increase the RI and stir 

thoroughly  

3.  Measure the RI with the refractometer.  

4.  Repeat steps 2-3 until RI is within the target range of 1.495-1.497. Add 

mineral oil or octyl salicylate to decrease the RI if necessary. 

5.  Pour mixture into tank, stir, and lower dosimeter in tank. 

6. Set up image preview in National Instruments Measurements and 

Experiments (NI-MAX).  and adjust exposure 
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7. Add incremental amounts of either octyl cinnamate (to increase) or light 

mineral oil and octyl salicylate (to decrease) until a satisfactory qualitative 

looking image appears.  

Acquisition  

Concept 1: Ensure dosimeter is in FOV and record the camera “ExposureTimeAbs” value 

that gives a maximum pixel value between 3700-3900  

Step 1: 

Select 

Allied 

Vision 

Technologi

es Manta 

G-145B in 

NI-

IMAQdx 

Devices 

Step 2: Select Grab 

Step 3: Select 

Camera Attributes 

Step 4: 

Adjust 

exposure 

slide in 

Controls 

Step 5: Save 
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Steps: Open National Instruments Measurements and Experiments (NI-MAX). 

  

 

  

 

 

Concept 2: Acquire three types of images – Flood, Dark and Projections (in this order) 

Steps: Open LabView Acquisition GUI 

Step 1: 

Select 

Allied 

Vision 

Technologi

es Manta 

G-145B in 

NI-

IMAQdx 

Devices 

Step 2: Select Grab 

Step 3: Select 

Camera Attributes 

Step 4: 

Adjust 

exposure  

Step 6: Save 

Step 5: Select “Acquisition 

Attributes” to adjust FOV 

to dimensions of dosimeter 
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Step 2: Enter 

ExposureAbs 

value from 

NI-Max 

Step 1: Click 

to select the 

file path. 

Navigate to 

the desired 

folder and 

select 

“Current 

Folder” 

Step 4: 

Ensure the 

“Save Data” 

toggle is set 

to yes 

Step 3: Enter 

appropriate 

values: see 

table below 

Step 5: 

Change the 

“Start 

Acquisition” 

field to 

“Acquire 

Data” 

Flood: Ensure 

there is no 

dosimeter in the 

tank 

Dark: Block the 

imaging lens 
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Table 2: Recommended field values for acquisition of each type of images 

Filename-stem Deg per Rotation Averages N Projections 

flood 0 >= 200 1 

dark 0 >=200 1 

projection 1 8 360 

 

Resolution Map 

Using Nyquist Sampling Theorem: 

 For 180 degree scan: vox size = rπ/Nproj , For 360 degree scan: : vox size = 2rπ/Nproj 

where r is radius of cylinder in mm and Nproj is the number of projections 

 

Table 3: The minimum number of projections needed to meet Nyquist sampling for a 

given voxel size for a 360 degree scan 

Dosimeter 

Diameter (mm) 

Voxel = 0.5mm Voxel = 1mm Voxel = 2mm 

110 (1kg) 756 315 157 

140 (2kg) 943 377 236 

 

Reconstruction 

Concept 1: Reconstruct Dose 

Steps: Run the Reconstruction GUI Matlab file  
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To view projections in the reconstruction GUI 

1. Click “Load Image” and select the scanInfo.raw file associated with the 

projection images you would like to display.  

2. Click any of the projections associated with the set you would like to display. 

3. Click the Dark projection raw file associated with this set. 

4. Click the Flood image raw file associated with this set.’ 

Note: The title of each window profiles has instructions on while files to access 

Analysis of the projection data 

Window/Level – this allows the contrast and brightness to be adjusted as 

deemed appropriate by the user.  Slide the red lines to the desired viewing positions. 
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Line Profile – click on the projection creating a line over the desired region for a 

plot of the pixel values to pop up in another window. 

Pixel Probe – scroll the mouse over a pixel in the projection to read its 

coordinates in row and column number as well as its value. 

Show Dark/Show Flood – this will open a window displaying the flood/dark 

image 

Pull image – this will open a separate window displaying the current projection 

image 

To Create the Sinogram 

1. In the drop down menu below the “Generate” Button, 

select “Division”, “pre only”, or “post only”, 

depending on whether you would like to create a sinogram of the 

projection by projection division of the prescan and postscan, a sinogram 

of the prescan projections only, or a sinogram of the postscan projections 

only.   

2. Select the “Generate” button. 

3. A popup will now appear prompting you for two 

values 

4. “Desired voxel edge length (in mm)”: This is the 
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sinogram voxel size and will ultimately define the edge-length of the 

reconstructed voxels. 

5. “Desired  median filter kernel length”: This is the value that defines how 

many neighboring voxels will be used for the median filtering. 

6. Click ok and the sinogram will be created. 

7. The “Pull Image”, ”Window”, ”Pixel Probe”, and “Line Profile” buttons 

are the same as described for the Prescan and Postscan projection 

windows. 

  

To reconstruct projection data: 

1. Select the “Reconstruct” button. 

2. A popup will appear prompting for the following information:  

3. Central axis of rotation: Input the center pixel number of undownsized 

projections for creation of the sinogram that will be reconstructed.  

Incorrect input will give severe reconstruction artifacts.  Once the correct 

value is found it shouldn’t change from scan to scan unless the scanner 

has been bumped or repositioned. 

4. Desired reconstruction length (in mm): This value determines the width 

of the sinogram. This will crop the projection image by the inputted 

length centered about the central axis of rotation. 
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5. Press ok and the reconstruction will begin. 

6. Select the Save button and a window will appear allowing you to choose 

the folder and filename in which to save the reconstruction data. 

7. The “Export Cube” button will save the reconstructed data cube as a 

binary “.raw” file which can be used to export for a program such as 

ImageJ.  

Note” The “Pull Image”, “Window”, “Pixel Probe”, and “Line Profile” buttons 

operate in the same way as described for the Prescan and Postscan projections windows. 

To load a reconstructed data cube: 

1. Push the “Load Data Cube” button. 

2. Select the desired data cube to display. 

To export data cube to CERR: 

1. Select the “Export to CERR button”.  

2. Select the CERR file the data cube will be added to. Input the dose 

specific parameters 

3. What dose number will this be in the 

CERR plan? If there is no dose currently 

associated with the CERR plan selected 
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input “1”.  If there is a calculated plan already associated with the CERR 

plan input “2”.  If there is a measured and calculated dose distribution 

already associated with the plan input “3”, etc. 

1. What would you like to call this dose cube in CERR: Input the name of 

the dose as you would like it to be displayed in CERR. 

2. Select the new CERR folder and filename for the amended CERR plan. 

 

 

 

 

 

 

 

 

 

 

 

 


