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Aim

• Provide intrinsic respiratory and cardiac gating 
signals (peaks) for scans 

– where no external signal is available 

– or where the gating signal is corrupted

• Do not require any user input
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Patient Example where a
Gating Signal is Required

sMoCo
Standard Motion 
Compensation

3D CBCT
Standard

4D gated CBCT 
Conventional 

Phase-Correlated

acMoCo
Artifact Model-Based 
Motion Compensation

Brehm, Paysan, Oelhafen, and Kachelrieß, “Artifact-resistant motion estimation with a patient-specific 
artifact model for motion-compensated cone-beam CT” Med. Phys. 40(10):101913, 2013.
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Respiratory Gating

• Grid points are distributed 
regularly in the volume.
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Respiratory Gating

• Grid points are distributed 
regularly in the volume.

• Each grid point is 
– tracked on the detector

detector

source



Respiratory Gating

• Grid points are distributed 
regularly in the volume.

• Each grid point is 
– tracked on the detector

– center of a rectangular ROI in the 
projections
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Respiratory Gating

• Mean gray value + band-pass 
filter as motion surrogate

• Determine peaks automatically 
by finding local maxima

• Result: Signal with most regular 
peaks



Good ROI Bad ROI

irregular peaksvery regular peaks

Select the ROI with the most regular peaks!



Cardiac Gating

Ventricular wall 
is covered by 

both ROIs.

Cardiac gating: 
Surface of circle around 
grid point is tracked.



Cardiac Gating

Cardiac gating: 
Surface of circle around 
grid point is tracked.

Ventricular wall 
is only covered by this ROI!



Evaluation

• 10 patients

• 60 s scan time

• Respiratory gating:
– Grid: 20 × 20 × 20

– ROI size: about 12 by 8 cm

– Band-pass: 10 to 30 rpm

– GT: Varian RPM system

• Cardiac gating:
– Grid: 50 × 50 × 50

– ROI size: about 8 by 4 cm

– Band-pass: 50 to 120 bpm

– Radii: 30 mm to 50 mm in steps of 2 mm

– GT: Manual evaluation of sinogram



Results

Patient RPMGT RPMIG ∆RPM

1 19 19 0

2 26 26 0

3 20 20 0

4 11 11 0

5 11 11 0

6 9 9 0

7 23 23 0

8 23 23 0

9 26 26 0

10 23 23 0

Patient BPMGT BPMIG ∆BPM

1 80 80 0

2 70 69 -1

3 65 66 1

4 70 70 0

5 52 52 0

6 61 61 0

7 78 78 0

8 69 70 1

9 86 86 0

10 74 74 0

Respiratory Gating Cardiac Gating



Conclusions
• Our method determined the correct respiratory peaks 

for all patients with a maximum error of 522 ms in the 
position of the maximum.

• Our method correctly determined the cardiac peaks 
in 7 patients. The remaining 3 patients showed a 
maximum error of 1 peak.
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1Brehm, Sawall, Maier, and Kachelrieß, Med. Phys. 42(4):1948-1958, 2015.



Thank You!

This presentation will soon be available at www.dkfz.de/ct.
This study was supported by DFG KA 1678/13.
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Parts of the reconstruction software were provided by RayConStruct® GmbH, Nürnberg, Germany.


