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Background
Although using more coils may improve parallel imaging
performance, it produces a burden on the amount of
calibration data required for autocalibrating methods.
This work investigates the use of principal component
analysis (PCA) to project the original set of coils onto a
smaller set of virtual coils to reduce calibration scan
time for through-time radial GRAPPA [Seiberlich, et al.
Magn Reson Med. 2011; 65(2):492-505].

Methods
Simulations were performed using a randomly moving
Shepp-Logan phantom and a simulated 24-channel
array. Calibration data (144 projection, 80 frames,
128x128 matrix) were generated along a fully-sampled
radial trajectory, and an additional 40 frames were
undersampled to 24, 16, and 12 projections. Through-
time radial GRAPPA reconstruction was performed with
a 4x1 (read x projection) k-space segment size and vary-
ing numbers of calibration frames. The reconstructions
were repeated after PCA coil compression that captured
93%, 91%, 87% and 81% of the variation in the original
coil maps (12, 9, 6, and 4 virtual coils). In vivo cardiac
data were also collected in one healthy volunteer in this
IRB approved, HIPAA compliant study using a 30 chan-
nel receiver array on a 3T scanner. Both calibration
(144 projections, 160 frames, 68s) and undersampled
(24, 16, and 12 projections) data were collected using a
radial bSSFP sequence with 128x128 matrix and TR/
TE=2.94/1.47ms. Data were collected in short-axis and
4-chamber orientations to demonstrate how differences
in coil geometry affect the acceptable amount of PCA
coil compression when combined with parallel imaging.

Results
As shown by the cumulative sum of the singular values
in Figure 1A, the simulated coil sensitivities are redun-
dant with 95% of the variation captured by 15 coils.
Figure 1B depicts the RMSE for through-time radial
GRAPPA using different numbers of calibration frames
and virtual coils with an acceleration factor of R=6;
similar trends were observed at R=9 and R=12. The
RMSE increases sharply as the number of calibration
frames decreases from 80 to 36, where the GRAPPA
weight equation is exactly determined. However, the
RMSE with 9 virtual coils, or 90% of the variation in the
original sensitivity maps, remains below 4% even when
25 calibration frames are used. In vivo cardiac images in
long and short axis orientations are shown in Figure 2.
When using all 30 coils, the reconstruction exhibits
substantial noise enhancement as the calibration frames
are decreased from 160 to 45, where the GRAPPA
weight equation is exactly determined. Based on simula-
tion results, the datasets were compressed to retain 90%
of the original coil sensitivity variation, after which
using 45 calibration frames appears qualitatively identi-
cal to the 160 frame/30 coil reconstruction.

Conclusions
PCA coil compression can be used to reduce calibration
scan time for through-time radial GRAPPA. This techni-
que may be especially useful for interventional imaging
or 3D parallel imaging.

Funding
NIH/NIBIB R00EB011527 and Siemens Medical
Solutions.

Authors’ details
1Biomedical Engineering, Case Western Reserve University, Cleveland, OH,
USA. 2Hathaway Brown, Shaker Heights, OH, USA.

1Biomedical Engineering, Case Western Reserve University, Cleveland, OH,
USA
Full list of author information is available at the end of the article

Hamilton et al. Journal of Cardiovascular Magnetic
Resonance 2015, 17(Suppl 1):Q41
http://www.jcmr-online.com/content/17/S1/Q41

© 2015 Hamilton et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/


Published: 3 February 2015

doi:10.1186/1532-429X-17-S1-Q41
Cite this article as: Hamilton et al.: Reducing scan time for calibration of
through-time radial GRAPPA using PCA coil compression. Journal of
Cardiovascular Magnetic Resonance 2015 17(Suppl 1):Q41.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Figure 1 A: The fraction of variation in the original 24-channel coil map is displayed as a function of coil number. Figure 1B: RMSE is plotted
against the number of calibration frames for a through-time radial GRAPPA reconstruction at an acceleration of R=6 after different amounts of
coil compression.

Figure 2 Real-time, free-breathing cardiac images were reconstructed with through-time radial GRAPPA in long axis and short axis orientations
using different numbers of calibration frames and virtual coils.
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