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Quality Control

• Quality Control ‘QC’ is a process by which we
review the quality of all factors involved in data
production. It is a crucial part of any equipment
for obtaining good quality images and
quantitative data.

Three types of quality tests are performed:

• Acceptance

• Reference and 

• Routine tests



Acceptance, Reference & Routine 
Tests

• Acceptance testing is to ensure that the performance
of an instrument meets the technical and performance
specifications quoted by the manufacturer.

• It should be carried out immediately after installation
so that the supplier can be informed of any damage,
deficiencies, or flaws.

• At the time of acceptance testing, reference tests
should be carried out and be compared during routine
testing.



Routine Testing

• Routine tests are those that should be carried out
regularly on an instrument to ensure its optimum
performance at all times and to determine the rate and
extent of any deterioration in that performance with
time.

• Such tests fall into two categories: the first includes
tests that have been previously carried out as reference
tests and that are repeated weekly, monthly, quarterly,
yearly, etc.; and the second includes daily or
operational checks that are to be carried out each day
the instrument is used.



Quality Control is whose business

• Is it hospital’s biomedical engineer?

• Or Company’s engineer?

• Or We?



Parameters to be checked for Planar 
Imaging

• Flood field uniformity

• Spatial distortion (spatial non-linearity) 

• Spatial resolution 

• Energy resolution

• Count rate response

• Multiple window spatial registration



Additional Parameters are to be 
checked for SPECT imaging

• Slice thickness

• Tomographic signal-to-noise ratio

• Tomographic contrast

• Tomographic uniformity

• Tomographic resolution

• Linearity of tomographic response

• Quantitative accuracy in tomography

• Precision of estimation of the centre of rotation

• Tomographic sensitivity — slice and volume. 



References available for QA/QC of SPECT

NEMA NU 1-2012

Several other  PPTs available online on QC of gamma camera

Quality Assurance 
for SPECT Systems 
issued by IAEA

Quality Control Atlas 
for Scintillation Camera 
Systems



Articles required

Jaszczak Phantom

Co-57 Flood Field Source Line bar phantom Quadrant bar phantom

• Tc-99m generator
• Some point sources
• Ga – 67 point source
• Liquid filled flood 

phantom
• 153Gd point sources



Physical and mechanical inspection of the 
SPECT system

Material required: A spirit level, a set of accurate rulers of various lengths and a

Stopwatch.

Method:

• Check the system for damage

• Rotate the scintillation camera - Check for constancy of speed, vibration, the
presence of mechanical noises and whether it stops correctly at the end of
rotation. Check both clockwise and anticlockwise rotation

• Where appropriate, check that the system returns to its ‘home’ position
accurately and reliably

• For a step and shoot system, check that the correct number of angles is
used, for each possible angular increment that can be selected.

• Check that the head is mechanically centred with respect to the axis of
rotation to within the manufacturer’s specifications.

• Check that the Y axis of the head is parallel to the axis of rotation.

• For more details – please refer IAEA Human Health Series no. 6 : Quality
Assurance for SPECT Systems



Test to determine the absolute size of a pixel 

Materials : One or two point sources and an accurate ruler
Procedure:
(1) Place the point source on the camera face along the X

axis, about 5 cm from the edge of the field of view.
(2) Set up the system to perform a conventional static

acquisition of about 50,000 counts using the finest
possible matrix size, for example, 256 x 256 or 512 × 512.
Ensure that no zoom is used.

(3) Acquire one planar image.
(4) Now move the point source horizontally to a position

about 5 cm away from the other edge of the field of view,
by a distance known to within 1 mm.

(5) Repeat the acquisition.



• Calculate the centre of gravity of the point source(s) for
each image.

• calculate the distances between the position of each of
the pairs of point sources

• Calculate the pixel size by dividing the distance between
the point sources in millimetres by the corresponding
distance in pixels. This gives the size in millimetres of the
pixel used in order to perform this measurement.

• Observations: This test is intended to be performed as
an acceptance and reference test and at half-yearly
intervals.



Test of tomographic uniformity of the system 

• Materials : The tomographic uniformity phantom should
be filled with about 200-400 MBq (5–10 mCi) of 99mTc,
making sure that the activity is well mixed.

• Procedure: This test should be performed after the test 
for planar uniformity has been performed.

(1) Ensure that all the camera uniformity correction 
calibration procedures have been correctly performed.

(2) Place the phantom as close as possible to the centre of 
rotation.

(3) Ensure that the central axis of the phantom is parallel to 
the axis of rotation.



(4) Set up a tomographic acquisition using a normal
matrix size (e.g. 64 × 64 or 128 × 128) and the number
of angles used clinically, using a circular orbit.

(5) Perform a standard tomographic acquisition,
collecting a total of about one million counts per slice.
This typically corresponds to 15 million total counts
for a phantom 10 cm in length, or about 240 000
counts per angular position for a 64 angle acquisition.

(6) Perform uniformity correction as recommended by
the manufacturer.

(7) Reconstruct the data with a ramp (or sharp) filter.
(8) Where possible, perform attenuation and scatter

correction using the method prescribed by the
manufacturer. The attenuation correction is essential
unless special purpose software is used.



• Observations: This test is intended to be performed as
a reference test, at half-yearly intervals and whenever
a uniformity problem is suspected.

• Limits: The planar uniformity of a scintillation camera
when used in SPECT should be better than 4%. This is
very difficult to achieve. However, if the NEMA integral
uniformity index is worse than 6% after uniformity
correction, the camera needs attention and should be
tuned.



Test of tomographic resolution in air

• Purpose of test: To measure the tomographic
resolution of the system in air and to ensure that the
reconstruction process is not degraded by either the
tomographic acquisition or the reconstruction.

• This test is now considered to be the best test of centre
of rotation accuracy too.

• Materials: A small point source of 99mTc, as used in
the test for centre of rotation and alignment.



Procedure

(1) Place the point source in air at centre of the field of view.

(2) Set the radius of rotation to be as small as possible. Use a circular
orbit of rotation.

(3) Perform a tomographic acquisition using the matrix size and number
of angles used clinically, collecting about 10 000 counts per view.

(4) Reconstruct the data with filtered backprojection, using either a
ramp filter or the sharpest filter that the system will permit.

(5) Perform a normal planar (static) acquisition at the home position,
using the same acquisition matrix size, etc., as for the tomographic
acquisition.

(6) Repeat steps (1)–(5) with the point source placed about 8 cm off axis.

(7) Repeat steps (1)–(5) with the point source placed on the axis of
rotation, but close to the edge of the field of view (close to +YMAX
and –YMAX), as indicated for the centre of rotation test.



Data analysis:
• Draw a profile through the image of the point source in the

reconstructed image and calculate the FWHM in both the
horizontal and the vertical directions, estimating the
FWHM.

• Measure the FWHM in the horizontal direction on the
planar image acquired at the home position.

Limits of acceptability
• If the FWHM measured on the planar view is 12 mm (a

typical value for a radius of rotation of 15 cm and a high
resolution parallel hole collimator), then the FWHM on the
tomogram should not be worse than 13.2 mm (i.e. 12 mm
+10%) when a ramp filter has been used.

Observations: This test is intended to be performed as an
acceptance and reference test and at half-yearly intervals.



Test of tomographic resolution with scatter

• Purpose: of test To check the tomographic resolution of the
system in clinical conditions

• Materials: Resolution (or an equivalent) phantom & a
point source placed at the centre of this phantom.

• Procedure: Same as done for resolution in air.
• Observations: This test is intended to be performed as an

acceptance and reference test and at half-yearly
intervals.

• The resolution obtained is highly dependent on the
radius of rotation used. There can be a considerable
difference between the resolution measured in air and in
scattering conditions. However, it should not change with
time under the same conditions of measurement.



Test of the centre of rotation offset and 
alignment of axes 

• Materials: A small 99mTc point source.
• Procedure:
1) Ensure that the camera is accurately aligned so that the

head is parallel with the axis of rotation .
2) Point source at the centre of the field of view. Perform a

normal tomographic acquisition using the finest digital
matrix size available, collecting about 10 000 counts at
every angular position.

3) Repeat steps with the point source placed about 10 cm
radial distance away from the centre of rotation & 5 cm of
the edge of the field of view in the positive Y direction.

4) Acquire the data for opposite direction too if system has
ability for both the clockwise and anticlockwise directions.

5) Analyze the data .



• Limits of acceptability The mean value of the centre of
rotation offset should be less than 2 mm, or it must
otherwise be corrected.

• Observations: This test is intended to be performed as
a reference test and at weekly or quarterly intervals,
depending on the stability of the system.



Test of slice thickness at the centre of the field 
of view 

• Purpose of test: To ensure that the spatial resolution along
the tomographic Z axis is within acceptable limits.

• Materials: A small point source of 99mTc.

• Procedure: The data collected for this test are the same
as those acquired for the test of tomographic resolution
in air. Only the analysis of those data differs.

• Observations: This test is intended to be performed as a
reference test and at half-yearly intervals.

• Limits of acceptability: The slice thickness at the centre
should be within 10% of the tomographic resolution as
determined.



Test of variations of uniformity and sensitivity 
with angle 

• Materials: A flood source of about 200 MBq (5 mCi) of 
99mTc or 57Co flood source.

• Procedure 
(1) Attach the flood source firmly to the camera so that it 

cannot shift when the system rotates. 
(2) Perform a tomographic acquisition with at least about 

106 counts per angle, for the normal matrix size used. 
(3) For a system collecting data by continuous rotation, 

record the total rotation time. Repeat the test for 
both fast and slow rotation, for example, total 
rotation times of 4 min and 30 min. 

(4) Repeat for any other heads.  
(5) Analyze the data.



• Observations This test is intended to be
performed as a reference test.

• Variations in uniformity and sensitivity as a
function of angle can be caused by lack of
magnetic shielding, changes in temperature and
(for continuous rotation) mechanical drive
problems.

• Limits of acceptability The variation in sensitivity
should be less than ±1% of the mean value.



Total performance test 
• Purpose of test: To verify that the system is performing adequately in

a high count study. To estimate the contrast of objects of known size.
• Materials: A total performance phantom i.e. Jaszczak phantom with

400 MBq (10 mCi) of 99mTc activity.
• Procedure
(1) Set up the total performance phantom, place it on the bed and

carefully align it to be parallel to the axis of rotation. Alternatively,
use a special holder to place the correctly aligned phantom along
the centre of rotation.

(2) Acquire a tomographic study using the acquisition time in order to
collect 800 000 counts for each projection, 120 projections, a matrix
size of 128 × 128 and a 360° angle of rotation.

(3) Reconstruct the data with filtered backprojection, using either a
ramp filter or the sharpest filter that the system will permit.

(4) Analyze the data.



• Observations: This test is intended to be 
performed as a reference test, at half-yearly 
intervals and if a problem is suspected. 

• Interpretation of results: The images should be 
carefully inspected for artefacts and when 
these occur, this should be noted. 

• Limits of acceptability: Different systems will 
give different results and the same SPECT 
system will give varying results over time, 
especially with high count acquisition data. 



NEMA acceptance test for PET

• Spatial Resolution

• Sensitivity

• Image Quality, Attenuation Accuracy & Scatter 
Correction

• Scatter Fraction, Count Losses, and Randoms

• Accuracy: Correction for Count Losses 

and Randoms



AERB acceptance test

• Spatial resolution 

• Sensitivity 

• Scatter Fraction

• Noise Equivalent Count Rate (NECR)

• Count Rate Capability

• Energy resolution

• Image quality and accuracy of attenuation, and scatter correction 
and Accuracy of radioactivity quantitation

• Coincidence timing resolution for TOF positron emission 
tomography

• PET detector stability test

• Uniformity of the reconstructed image

• Normalization

• Accuracy of PET/CT image registration



References for PET QC

NEMA NU 2-2012 QA for PET & PET-
CT Systems issued 
by IAEA



Phantoms used

Scatter phantom 

Image quality phantom

Sensitivity phantom VQC phantom



Other articles required



Spatial Resolution Test 
The spatial resolution of a system represents its ability to distinguish between
two points after image reconstruction.

Preparation of Source: 
• Use a new syringe to place samples of F-
18 with >200 MBq/cc (5 mCi/cc) activity 
concentration on a slide. 
For best results, tap the tip of the syringe 
against the surface in ten or twelve 
different places, then choose 3 samples of 
equal size to use. 
• Place one end of a capillary tube onto one 
of the drops. The capillary action draws the 
drop into the tube. 
• Verify the drop fills less than 1mm of the 
capillary tube. 
• Seal the end of the tube with activity, first 



Position the Source and Acquire the Position 
Check Scan 

Gently insert one F-18 point source into each source holder until the end of

capillary tube farthest from the source touches the bottom of the holder.
Position the table as per following positions

– (0,1), (0,10) and (10,0) cm

– Center of axial FOV and Center of axial FOV and ¼ axial FOV from center

• Adjust table height, cradle position and X knob to align the point sources 
to the laser. 

• Press the INTERNAL LANDMARK button.



Use PET Analysis Tool - Spatial Resolution 
Tab Selected 



Check Position Results Panel 

• The object is to acquire an image with at least 500,000 counts. 



Example of a Resolution Report Panel 



Spatial resolution

• Reconstruct: image pixel < Reconstruct: image pixel < 
1/3 expected FWHM expected FWHM

• Profile width ~ 2 times FWHM 

• Report FWHM and FWTM in radial, tangential and axial 
Report FWHM and FWTM in radial, tangential and axial 
directions



Sensitivity Test 
• The sensitivity test measures the number of counts

(coincidence detection events) per second that the
scanner makes for every unit of activity in the field of
view.

• The test is run with activity levels so low, the count
losses are negligible.

• The sensitivity measurements are made with differing
amounts of attenuating material, with the results
extrapolated to give the scanner sensitivity with no
attenuating material.



Articles required

• Line Source and Aluminum Sleeves.
• 10 MBq (0.3 mCi) of F-18 into a syringe.
• Sealing material such as m-seal



Preparation of Source 

• Draw 10 MBq (0.3 mCi) of F-18 into a syringe.

• Empty the syringe into a clean container, and fill the container with water
to 3 cc.

• Use a new syringe to draw the diluted activity from the container.

• Measure the syringe activity in a dose calibrator.

• Record the syringe activity measurement and time of measurement.

• Inject the syringe into a line until the central 70 cm of the line contains
activity.

• Fill only the central 70 cm of the line source, with F-18 from the syringe.

• Cap or seal the ends of the line.

• Return the syringe to the dose calibrator and record the post-injection 
time and activity. 

• Thread the line source through the smallest diameter aluminum sleeve. 



Position the Line Source in the FOV 



Add the Next Larger Diameter Aluminum 
Sleeve between Scans 



Enter PET tracer info, run the scan and 
Analyze the Data 



Example of a Sensitivity Report



Image Quality, Attenuation Accuracy & 
Scatter Correction Test 

• The image quality test simulates a PET-CT whole body
clinical use case.

• The test phantom presents different sized hot and cold
spheres in a volume of non-uniform attenuation.

• Additional activity is placed outside the scan FOV, to
represent scatter radiation.

• Image quality is reported in terms of image contrast
and signal-noise ratios for the hot and cold spheres.



Image quality and scatter phantoms

Image quality 
phantom

Scatter 
phantom



Filling of image quality phantom

• A 4:1 concentration ratio
between the hot spheres and the
background volume is required.
• Typical background volume is
9830 cc. Sphere volume is
approximately 20 cc.
• Use the estimated fill time to
determine the amount of activity
you must inject in order to attain
the 21 kBq/cc (0.6 uCi/cc) and 5.3
kBq/cc (0.15 uCi/cc) activity levels
at scan time.



Preparation of scatter phantom

• Measure out about 80 cm of plastic tubing to use as the scatter
fraction line source.
• Determine the volume of the central 70 cm of tubing. A typical
value is 5 cc.
• Prepare a volume of solution to fill the central 70 cm of the scatter
fraction source.
• Aim for an activity of 120 MBq (3 mCi) at scan time.



Position the Source and Acquire the Data



Analyze the Image Quality Data



Example of an Image Quality Report Panel



Scatter Fraction, Count Losses and 
Randoms Test

• Scatter fraction is a measure of the system sensitivity
to scatter.

• The scatter fraction measurement is taken for each
frame and compared to the performance limit at low
activity level when system dead-time and randoms are
negligible.

• The count losses and randoms portion of this test
measures the count rate performance of the scanner
across a range of radioactivity levels.

• This test requires a high amount of activity in a
relatively small volume to measure the 3D peak NECR,
to assess the count rate performance of the scanner.



Example of a NEMA Scatter Phantom

Line Source Orientation 

• The test phantom is a solid right circular cylinder composed of
polyethylene with a specific gravity of 0.96 ± 0.01.
• Outside diameter is 203 ± 3 mm (8”), and with an overall length of
700 ± 5 mm.
• A 6.4 ± 0.2 mm (1/4”) hole is drilled parallel to the central axis of
the cylinder, at a radial distance of 45 ± 1 mm.



Preparation of Source 
• Use a piece of tubing at least 70 cm long for the line source.
• Measure and record the volume of the line source tubing.
• Draw 1200 MBq (33 mCi) of F-18 into a syringe.
• Flush the contents of the syringe into an empty container.
• Fill the container to the volume recorded in Step 2, plus

0.5cc, to make sure the center 70 cm of the line is
completely filled.

• Use a new syringe to draw activity from the container.
• Measure the syringe activity in a dose calibrator.
• Record the activity and time of measurement in the lab

book.
• Insert the line source into the phantom.



Position the source and analyze the data



Example of a 3D Scatter Fraction and 
Count Rate Results Panel



Accuracy: Correction for Count Losses 
and Randoms

• This test measures the accuracy of count losses and
randoms corrections by comparing the trues rate
calculated using count losses and randoms corrections
with the trues rate extrapolated from measurements
with negligible count losses and randoms.

• This test uses the Peak NECR data acquired in previous
section.



Analyze the Data



Sample Count Loss Correction 
Accuracy Report:



(Day 1) Spatial Resolution, Sensitivity, 
Image Quality and Corrections Tests 

Test title Phantom, Isotope, 
Activity

Acquisition, Time, Disc 
space

Analysis Process

Spatial 
Resolution

Capillary Tubes, 
Support for tubes, 
.1 cc F-18, with 
concentration > 200 
MBq/cc (5 mCi/cc) 

Via patient acquisition, 
1 hour, 500 MB

Recon 256 x 256 
images, Use NEMA
Analysis Tool to 
compute result based 
on imges

Sensitivity Sensitivity phantom, 
support for 
aluminum tubes
14 MBq (0.4 mCi)
F-18 

Via patient acquisition, 
1 hour, 628 MB

No recon, Use NEMA 
Analysis tool to 
compute result from 
raw data at each radial 
position

Image Quality, 
Attenuation 
Accuracy & 
Scatter 
Correction Test

NEMA 2007 Image 
Quality Phantom, 
NEMA 2001 Scatter 
Fraction Phantom 
370 MBq (10 mCi) 
F-18

Via patient acquisition 
20 minutes per
replication (3 
replications 
recommended) 63 MB 
per replication

Recon images. Use 
NEMA Analysis Tool to 
compute result



(Night 1) 3D Scatter Fraction, Count Losses 
and Randoms Test 

Test title Phantom, Isotope, 
Activity

Acquisition, Time, Disc 
space

Analysis Process

Scatter Fraction,
Count losses and 
Random test

NEMA 2001 Scatter 
Fraction Phantom

1200 MBq (32 mCi) 
F-18

3D: via patient 
acquisition 
14 hours
1100 MB

No Recon. Use the 
NEMA Analysis Tool to 
compute result from 
raw data.

Accuracy: 
Correction for 
count losses and 
Randoms

None: Uses data 
from Scatter 
Fraction, Count 
Losses and Randoms

Uses data from Scatter 
Fraction, Count losses
and Random Test

Recon 128 x 128 
images, Use NEMA 
Analysis tool to 
compute result based 
on images. Must have 
peak NECR activity 
value from Scatter 
Fraction, Count Losses 
and Random Analysis



Additional requirements of AERB 
acceptance test

• Count Rate Capability

• Energy resolution

• Coincidence timing resolution for TOF positron 
emission tomography

• PET detector stability test

• Uniformity of the reconstructed image

• Normalization

• Accuracy of PET/CT image registration



Count rate capability

• This test requires machine to have 50% of
deadtime loss.

• It is quite impractical to explore the limit for
50% deadtime loss in the scanner as this
requires an extremely high activity which is
way beyond the operating range in the clinical
scenarios.

• Therefore data for this test is obtained from
NECR decay test.



Count Rate performance



Count Rate performance



Measured values of Count rate capability test 



Energy resolution

• A system that is properly calibrated and
passes Daily QA should perform at the
nominal energy resolution defined per design.

• The Manufacturer provided the following
table applicable to all the DIQ configurations:



Coincidence timing resolution for TOF PET

• There is no specified test to perform this test.
• NEMA sensitivity coincidence data has been used to analysis 
TOF PET system time resolution.





PET detector stability test

A typical report of manufacturer



Uniformity of the reconstructed image
A typical report of manufacturer



Normalization
• Prior to reconstruction, emission data from a multi-ring
PET camera must be corrected (normalized) for variations
in detector sensitivity.
• The appropriate correction coefficients are obtained by
measuring the response of all coincidence lines to a
calibrated source of activity (a blank scan).
• State-of-the-art cameras may contain up to a million such
lines of response (LORs), and therefore around 400 million
counts will be required to calibrate each LOR to a statistical
accuracy of 5%.
•Sinogram of daily QA is observed for this test.
• A typical report of a manufacturer



Accuracy of PET-CT image registration



A typical result of PET/CT image 
registration



CT Acceptance test



Articles required for CT QA



Equipments covered
• Gamma Camera

✓Planar

✓SPECT

✓SPECT-CT

• PET

• PET-CT



Thank you


