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Background: Cine-magnetic resonance imaging (MRI) is currently used in real-time tumor tracking 
during magnetic resonance (MR)-guided radiotherapy. As a type of MRI specified for motion tracking, a 
few minutes’ acquisition results in thousands of 2-dimensional (2D) images. For MR-guided radiotherapy 
consisting of multiple treatment fractions, the large number of cine-MRI images would be disproportionate 
to the tight clinical data storage available. To alleviate this issue, the feasibility of compression of cine-MRI 
via video encoders was investigated in this study.
Methods: The cine-MRI images were first sorted into 3 sequences according to their plane orientations. 
Then, each sequence was reordered according to their acquisition times [time-based (TB)] or content 
similarities [similarity-based (SB)]. As a result, 3 sequences were obtained for 3 plan orientations. Next, the 
obtained sequences were processed by a video encoder and the corresponding 3 video files were achieved. 
We employed 3 popular video encoders: Motion JPEG (M-JPEG), Advanced Video Coding (AVC), and 
High Efficiency Video Coding (HEVC). The performances of the sequence reordering methods and video 
encoders were evaluated based on a total of 150 image sets.
Results: The mean correlation quantities for SB sequences were higher than those for TB sequences by 
3% (sagittal), 2% (coronal), and 1% (transverse), respectively. The average compression ratio (CR) yielded 
by the SB sequences was higher than that achieved by the TB sequences. Comparing with M-JPEG, the CRs 
obtained by AVC and HEVC were increased by 58% and 62% (sagittal), 16% and 23% (coronal), and 48% 
and 56% (transverse), respectively. Among the 3 video encoders, the highest CRs and restoration accuracy 
were achieved by HEVC.
Conclusions: HEVC with inter-frame coding is more effective in reducing the redundant information 
in consecutive images. It is feasible to implement the video encoder for high-performance cine-MRI 
compression.
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Introduction

Magnetic resonance imaging (MRI) is a non-invasive 
imaging technology used for disease detection, diagnosis, 
and treatment monitoring. It is based on a sophisticated 
principle of excitation and detection of the change in the 
direction of the rotational axis of proton magnetic moment 
found in the water that makes up living tissues (1,2). 
MRI offers excellent soft tissue contrast for the precise 
identification of target volume and immediate detection of 
inter- and intra-fractional changes of the tumor and adjacent 
organs at risk. Differing from computed tomography (CT) 
and integrated cone-beam CT (CBCT) and megavoltage 
fan-beam CT (MV FBCT), the ionizing radiation of X-ray 
is not used in MRI (3,4). Recently a new radiotherapy 
machine, Unity (Elekta Solutions AB, Stockholm, Sweden), 
that combines MRI with linear accelerators, has become 
clinically available (5,6). It is composed of a 1.5T MRI 
scanner and a ring-based gantry containing a 7 MV linear 
accelerator, which enables online magnetic resonance (MR)-
guided radiotherapy (7,8). 

The new MR-Linac systems (Elekta) not only offer 
superior anatomical 3-dimensional (3D) imaging to 
detect inter-fractional changes, but also provide real-
time information by continuous 2-dimensional (2D) cine-
MRI, allowing for constant monitoring of tumor volume 
and nearby critical structures during the entire treatment 
session (9). For tumor tracking, a key frame of the cine-
MRI is selected and registered to the volumetric image 
via deformable image registration. All subsequent cine-
MRI images are registered to this key frame, which enables 
tracking of the target structure delineated in the volumetric 
image (10). Also, a 3D motion model could be established 
via deformation of the existing 3D/4-dimensional (4D) CT/
MRI with the real-time cine-MRI (11,12). High-frequency 
cine-MRI could improve the target dose delivery and 
organ-at-risk (OAR) dose sparing. However, this means that 
a huge number of images will be generated in a short period 
of time (13). Cine-MRI acquired in a frequency of 5 Hz will 
result in 300 images per minute. These images are stored in 
a local computer and deleted after a few months in order to 
free more disk space for clinical applications. Although these 
data are not as critical as those of computed tomography 
(CT) and MRI, they contain important information of real-
time changes of patient anatomical structures and should be 
handled properly for potential clinical and research uses.

Compression algorithms can significantly reduce the size 
yet preserve the original contents of the image. There are 

2 types of compression algorithms: lossless and lossy (14).  
A lossless compression algorithm is reversible, which 
means that the original image information is preserved 
after image restoration. Lossless encoders include Huffman 
coding and Context-based Adaptive Binary Arithmetic 
Coding (CABAC) (15). A lossy compression algorithm is 
irreversible, meaning that the original image information is 
partially restored after decompression. A lossy encoder aims 
to retain as much of the original information as possible in 
order to compress the image (16). 

Differing from image compression, video compression 
packs a series of images into a single file. Video compression 
can be categorized into intra- and inter-frame coding 
algorithms. An intra-frame coding algorithm processes 
each frame independently and handles redundancy of 
information inside a frame, such as the Motion JPEG 
(M-JPEG) algorithm (17). The inter-frame encoding 
algorithm takes into account redundant information among 
consecutive frames (18). Among the inter-frame coding 
algorithms, Advanced Video Coding (AVC) and High 
Efficiency Video Coding (HEVC) are the most popular 
standards. HEVC is the successor of AVC and provides an 
even higher compression rate while retaining the high video 
quality (19).

Different to 3D CT/MRI images, the cine-MRI consists 
of a series of 2D images acquired at a fixed plane. High-
frequency MRI gives both the temporal resolution necessary 
for fully tracking respiratory motion and superior single-
modality soft-tissue contrast required for imaging tumors 
in real-time (11). The most promising application of 2D 
cine-MRI is real-time tumor tracking using 2D-to-2D or 
2D-to-3D template matching algorithms (20,21). It offers 
advantages in higher imaging frequency and soft tissue 
contrast over radiographic imaging. So far, it is an on-board 
imaging tool in addition to the 3D MRI in MR-guided 
radiotherapy and could improve the target dose delivery 
and OAR dose sparing by tracking internal markers directly. 

Our attempts to apply conventional video encoders for 
CT, 4DCT, and CBCT were reported in our previous 
studies (22-24). Unlike these 3D images, cine-MRI is based 
on different image generation principles and consists of a 
series of images acquired at the fixed 2D plane. Therefore, 
the more effective reordering methods and video encoders 
should be applied and investigated. This manuscript is 
arranged as follows. In the methods section, the data 
acquisition of cine-MRI in MR-guided radiotherapy is first 
introduced. Then, the clustering algorithm for sequence 
reordering is explained. Next, the workflow of cine-MRI 
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compression and 3 video encoders are described. In the 
results section, the performance of sequence reordering 
methods and video encoders are analyzed and evaluated 
quantitatively. 

Methods

Data acquisition

The datasets in this study were collected on a Unity system 
which was installed in our institute in 2018 (25). The 
pulse sequence used for cine-MRI in the clinical mode 
is a gradient echo pulse sequence, balanced turbo field 
echo (BTFE), with a balanced gradient waveform after 
an initial preparation pulse for contrast enhancement, 
yielding a T2/T1-weighted contrast (26). Right before the 
start of treatment, a preview cine-MRI scan is acquired 
for automated selection of a tracking key frame based 
on deformable image registration of a certain number of 
preview frames to the corresponding slice of the volumetric 
scan. During treatment, the live cine-MRI frames are in 
turn registered to the key frame, and the target is deformed 
based on the obtained deformation vector field (DVF). If 
in any frame the target is outside the specified margin, the 
beam will be turned off (27). 

As shown in Figure 1, 1 cine-MRI sequence consists of 
a series of 2D planar images in 3 orthogonal views. These 
images were usually saved in raw data format in a folder. 
The plane orientation and acquisition time of cine-MRI 

images can be extracted from file headers and used for image 
reordering. In practice, these images are first classified into 
3 groups according to their plane orientations, and then 
all images in each group are connected to form a sequence 
according to their acquisition times. As a result, 3 sequences 
corresponding to transverse, sagittal, and coronal planes 
are obtained as the image sequences inside the dot box as 
shown in Figure 1. These sequences are called time-based 
(TB) sequences in the following.

As cine-MRI images are highly correlated in space 
and time, it could be utilized to improve the inter-frame 
similarity of a sequence and ultimately cause a higher 
compression ratio (CR) of video encoder. Especially for 
the inter-frame coding algorithms, the higher correlation 
between consecutive frames in a sequence could result 
in a higher CR. Accordingly, it would be beneficial to 
reorder a sequence with lower inter-frame similarity to a 
new sequence with higher inter-frame similarity for better 
compression performance of video encoders. This study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013) and was approved by the institutional 
Ethics Committee of the Cancer Hospital, Chinese 
Academy of Medical Sciences, and Peking Union Medical 
College. The requirement for informed consent was waived 
in this retrospective study.

Reordering sequence 

In this study, a sequence reordering algorithm based on 
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Figure 1 Illustrations of cine-MRI data acquisition process. MRI, magnetic resonance imaging.
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respiratory movement was developed, and its workflow is 
shown in Figure 2. At first, the reference image is generated 
based on the mean image of a sequence and divided into 4×4 
blocks. Then, the correlation quantities between the blocks 
at the same location in the reference and input images 
are calculated based on the grid partitioning algorithm 
as described in Appendix 1. These correlation quantities 
render the feature vector to represent the relative target 

motion of the input image as the step “registering” shown in 
Figure 2. Next, these feature vectors are processed by K-mean 
clustering algorithm to group them into different clusters 
as the step “clustering” shown in Figure 2. Silhouette score 
(SIL) is used to decide the number of clusters and the best 
number is 16. As shown in Figure 3, this number provides 
the best tradeoff with the higher mean and lower standard 
deviation of SIL. 

The image in each group is assigned a tuple, including 
the unique group ID and the original image ID. Then, all 
images in a group are connected based on their original 
image IDs and all groups are connected based on their 
group IDs in ascending order as the step “reordering” 
shown in Figure 2. The new ID of an image in the sequence 
is also recorded in the tuple and used for data restoration. 
The new sequence is formed based on the similarities 
among images and called similarity-based (SB) sequence in 
the following.

Video encoders

The workflow of image compression from images to video 
files is shown in Figure 4A. Cine-MRI images are first 
classified into 3 groups based on their plane orientations. 
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Figure 2 Illustrations of the similarity-based sequence reordering algorithm.
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Figure 3 The curves of SIL with respect to the different number 
of clusters. The middle curve is the mean values of SIL, and the 
upper and lower curves are the standard deviation of SIL. The 
best cluster number [16] is indicated by the vertical dot line. SIL, 
Silhouette score.
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Then, they are reordered to 3 sequences and processed 
by a video encoder. Finally, 3 video files are generated 
corresponding to transverse, sagittal, and coronal planes, 
respectively. The workflow of image decompression from 
video files to images is shown in Figure 4B and is the reverse 
process of compression. The 3 video files are first decoded 
to 3 image sequences corresponding to transverse, sagittal, 
and coronal planes. Then, the images within each sequence 
are restored to their original orders. Finally, these images 
are moved to a destination folder according to their original 
image IDs.

In this study, we tested 3 video encoders (M-JPEG, 
AVC, and HEVC). M-JPEG is a video compression format 
in which each video frame of a digital video sequence is 
compressed separately as a JPEG image (15-17). M-JPEG 
is an intra-frame compression scheme. Due to the lack of 
inter-frame prediction, its CR is relatively lower compared 
with modern inter-frame video formats such as MPEG-1, 
MPEG-2, and MPEG-4. AVC is based upon the MPEG-
4 technology and the golden standard in video compression 
so far. AVC also called H.264 or MPEG-4 Part 10. HEVC 
is the latest international standard for video compression 
and the successor of AVC. HEVC is also called H.265. 
Distinct from AVC that sets all blocks in the same size, 
HEVC uses the customized size for all blocks. As a result, 
HEVC provides substantially improved video quality at the 
same bit rate over AVC (19,22-24).

Experiments

The 3 video encoders were tested on 2 types of sequences 
resulted by TB and SB algorithms as described above. A 
personal computer equipped with Intel i5 CPU 2.6 GHz 
and 8 GB RAM was used for these tests. The routines for 
data processing are developed with Python programming 
language (https://www.python.org/) and an open-source 
audio and a video converter tool, ffmpeg (https://ffmpeg.
org/), was used as API for video compression. The default 
configuration is selected for M-JPEG to allow video data to 
be compressed as much as possible. The constant rate factor 
(CRF), the quality control setting for the encoders, is set to 
25 for AVC and HEVC. Lower CRF would result in better 
quality at the expense of higher file sizes. The default values 
of CRFG for AVC and HEVC are 23 and 28, respectively. 

CR is defined as the ratio between the sizes of image 
sequence and the resulting video file. The inter-frame 
difference (IF-DIFF) is used to quantify the mean pixel 
differences for all pairs of neighboring images in a 
sequence (20). 
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Where M and N are the height and width of image, L is 
the number of images in a sequence, and k

ijI  is the pixel (i,j) 
in image k. The inter-frame correlation (IF-CORR) is used 
to quantify the mean correlation coefficient for all pairs of 
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Figure 4 The workflow of image compression and decompression of cine-MRI. (A) Image compression. (B) Image decompression. MRI, 
magnetic resonance imaging.
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neighboring images in a sequence (20). 
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kI  and 1kI +  are the mean values of images Ik and Ik+1. The 
correlation coefficient between Ik and Ik+1 is defined by the 
equation inside the bracket. 

The quantities, mean square error (MSE), peak signal-
to-noise ratio (PSNR), and video quality matrix (VQM) 
are used to evaluate the restoration accuracy of image 
decompression. The MSE quantify the difference between 
the original and restored images after image restoration (26).

( )
2

1 1

1

,
1

M N

i jL

i

k de k
ijij

MSE
L M N

I I= =

=

 
 
 

=  × 
 
 

−∑ ∑
∑  [3]

k
ijI  is the normalized image and 

,k de
ijI  is the normalized 

image after decompression. PSNR is the ratio between the 
maximum power of a signal and the power of corrupting 
noise which is defined as below (26).
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MAX is 216-1 which is the maximum value for a  
16-bit image and its typical values are between 60 and 80 dB 
for a 16-bit image. VQM is the metric to quantify human 
perceived video quality defined as below (26).
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Where  a=0 .15  and b=19.7818 are  determined 
experimentally. 

Results

Performance of video encoders

The performances of the 3 video encoders on TB sequences 
are compared in Table 1. On average, the CR of AVC and 
HEVC was higher than that of M-JPEG. Among the 3 
video encoders, HEVC had the highest CRs for both 
reordering methods. The CRs of 3 types of sequences 
were different and the transverse sequences had the 
highest CRs. Compared with M-JPEG, CRs obtained by 
AVC were increased by 58% (sagittal), 16% (coronal), 
and 48% (transverse), whereas CRs obtained by HEVC 
were increased by 62% (sagittal), 23% (coronal), and 56% 
(transverse). The improvement of CR by HEVC was more 
than that of AVC. 

The restoration accuracy of 3 video encoders is shown in 
Table 1. The restoration accuracy of M-JPEG was inferior 
to those of AVC and HEVC. Among the 3 video encoders, 
HEVC had the best restoration accuracy. The restoration 
accuracies were different between the 3 anatomical planes 
and the transverse plane has the least MSEs. Compared 
with MSEs yielded by M-JPEG, those yielded by AVC 
were decreased by 14% (sagittal), 18% (coronal), and 
14% (transverse), whereas those yielded by HEVC were 
decreased by 33% (sagittal), 31% (coronal), and 38% 
(transverse). The improvement of restoration accuracy by 
HEVC is more than that of AVC.

Table 1 Performance comparison of the three video encoders on time-based sequences

Encoders Views CR MSE PSNR VQM

M-JPEG Sagittal 34.96±3.41 4.60E−05±4.39E−06 43.00±1.46 1.68E−2±3.97E−3

Coronal 30.03±1.70 5.67E−05±3.92E−06 47.11±1.75 3.04E−2±6.27E−3

Transverse 48.65±3.54 3.11E−05±3.54E−06 43.21±2.60 3.08E−2±1.07E−2

AVC Sagittal 54.86±6.26 3.96E−05±4.01E−06 47.78±1.77 1.52E−2±3.62E−3

Coronal 35.43±2.36 4.67E−05±3.66E−06 44.07±1.57 2.61E−2±5.61E−3

Transverse 71.07±5.17 2.67E−05±3.45E−06 44.70±2.20 2.43E−2±7.10E−3

HEVC Sagittal 55.81±6.58 3.10E−05±3.61E−06 48.86±1.75 1.29E−2±3.00E−3

Coronal 37.86±2.91 3.93E−05±2.90E−06 44.72±1.53 2.37E−2±5.10E−3

Transverse 75.46±6.58 1.93E−05±1.92E−06 45.62±2.52 2.16E−2±7.36E−3

Data are presented as mean ± standard deviation. CR, compression ratio; MSE, mean square error; PSNR, peak signal-to-noise ratio; 
VQM, video quality matrix; M-JPEG, Motion JPEG; AVC, Advanced Video Coding; HEVC, High Efficiency Video Coding.
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The corrected P values for CR difference among the 
3 video encoders based on 150 TB sequences are shown 
in Figure 5. A P value <0.05 was considered statistically 
significant. The improvements of CRs by AVC and HEVC 
were statistically significant compared to those of M-JPEG. 
The increase of CR by HEVC was statistically significant 
compared to that of AVC. HEVC had the highest CR 
among 3 video encoders. The corrected P values for MSE 
different among the video encoders based on 150 TB 
sequences are shown in Figure 6. The decreases of MSEs by 
AVC and HEVC were statistically significant compared to 
that of M-JPEG. The decreases of MSEs by HEVC were 
statistically significant compared to that of AVC. HEVC 
had the lowest MSE among the 3 video encoders. 

Effect of reordering methods

The similarity metrics (IF-DIFF and IF-CORR) were 

calculated over 3 types of sequences in 2 ordering methods. 
The mean values of IF-DIFF for TB sequences were 
117.26±14.43 (sagittal), 195.87±25.09 (coronal), and 
158.26±31.31 (transverse), whereas the mean values of 
IF-DIFF for SB sequences were 92.80±6.69 (sagittal), 
191.17±20.46 (coronal), and 156.21±28.35 (transverse). The 
mean values of IF-CORR for TB sequences were 0.93±0.01 
(sagittal), 0.85±0.02 (coronal), and 0.90±0.03 (transverse), 
whereas the mean values of IF-CORR for SB sequences 
were 0.96±0.01 (sagittal), 0.87±0.03 (coronal), and 0.91±0.03 
(transverse). In general, the mean values of IF-DIFF on all 
3 types of sequences were 157.13±40.45 and 146.72±45.61 
with TB and SB ordering methods, respectively. The 
mean values of IF-CORR on all 3 types of sequences were 
0.89±0.04 and 0.91±0.04 with TB and SB ordering methods, 
respectively. Thus, the values of these similarity metrics for 
SB sequences were higher than those for the TB sequences. 

The performances of the 3 video encoders on SB 
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Figure 5 The corrected P values for multiple comparisons in evaluating the compression performance of M-JPEG, AVC, and HEVC on 
time-based sequences. M-JPEG, Motion JPEG; AVC, Advanced Video Coding; HEVC, High Efficiency Video Coding.

Figure 6 The corrected P values for multiple comparisons in evaluating the restoration accuracy of M-JPEG, AVC, and HEVC on time-
based sequences. M-JPEG, Motion JPEG; AVC, Advanced Video Coding; HEVC, High Efficiency Video Coding.



Shang et al. Cine-MRI image compression by video encoder8016

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(12):8009-8019 | https://dx.doi.org/10.21037/qims-23-690

sequences are compared in Table 2. Note that the result of 
M-JPEG is the same at those of Table 1. This is because 
the intra-frame coding algorithm processes each image 
independently regardless of the ordering methods of images. 
In general, the CR of AVC and HEVC on SB sequences 
was higher than those of them on TB sequences. As shown 
in Table 2, the restoration accuracy of AVC and HEVC on 
SB sequences is similar to those on TB sequences. 

The corrected P values for CRs of AVC and HEVC with 
2 reordering methods on 150 sequences are shown in Figure 7.  
A P value <0.05 was considered statistically significant. 
The improvement of CRs achieved by SB sequences was 
statistically significant compared to those achieved by TB 
sequences. The CRs by HEVC were consistently higher 

than those by AVC for both sequence reordering methods. 
The corrected P-values for MSE of AVC and HEVC with 
respect to 2 sequence reordering methods based on 150 
sequences are shown in Figure 8. The decreases of MSEs 
yielded by SB sequences were statistically significant 
compared to those yielded by TB sequences. The MSEs 
achieved by HEVC were consistently less than those 
obtained by AVC. 

Discussion

It was found that the CR of video encoders with the inter-
frame coding algorithm was consistently higher than the 
video encoder with an intra-frame coding algorithm. 

Table 2 Performance comparison of the three video encoders on similarity-based sequences

Encoders Views CR MSE PSNR VQM

M-JPEG Sagittal 34.96±3.41 4.60E−05±4.39E−06 43.00±1.46 1.68E−2±3.97E−3

Coronal 30.03±1.70 5.67E−05±3.92E−06 47.11±1.75 3.04E−2±6.27E−3

Transverse 48.65±3.54 3.11E−05±3.54E−06 43.21±2.60 3.08E−2±1.07E−2

AVC Sagittal 55.93±5.66 3.84E−05±3.93E−06 47.92±1.74 1.49E−2±3.51E−3

Coronal 35.88±2.40 4.68E−05±3.65E−06 44.07±1.57 2.61E−2±5.64E−3

Transverse 72.83±5.79 2.69E−05±3.25E−06 44.66±2.24 2.45E−2±7.34E−3

HEVC Sagittal 58.06±6.19 3.02E−05±3.44E−06 48.97±1.68 1.27E−2±2.87E−3

Coronal 38.33±2.94 3.88E−05±3.09E−06 44.71±1.46 2.37E−2±4.88E−3

Transverse 75.73±7.38 1.91E−05±2.14E−06 45.70±2.46 2.13E−2±7.05E−3

Data are presented as mean ± standard deviation. CR, compression ratio; MSE, mean square error; PSNR, peak signal-to-noise ratio; 
VQM, video quality matrix; M-JPEG, Motion JPEG; AVC, Advanced Video Coding; HEVC, High Efficiency Video Coding. 

AVC-TB

0.0009 AVC-SB

0.0040 0.7288 HEVC-TB

0.0000 0.0000 0.0000 HEVC-SB

Sagittal Coronal Transverse

AVC-TB

0.0277 AVC-SB

0.0000 0.0012 HEVC-TB

0.0000 0.0001 0.0039 HEVC-SB

AVC-TB

0.0244 AVC-SB

0.0336 0.0737 HEVC-TB

0.0156 0.0160 0.0483 HEVC-SB

Figure 7 The corrected P values for multiple comparison in evaluating compression performance of AVC and HEVC with respect to time-
based and similarity-based sequence reordering methods. AVC, Advanced Video Coding; TB, time-based; SB, similarity-based; HEVC, 
High Efficiency Video Coding.
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AVC-TB

0.0001 AVC-SB

0.0000 0.0000 HEVC-TB

0.0000 0.0000 0.0108 HEVC-SB

Sagittal Coronal Transverse

AVC-TB

0.0274 AVC-SB

0.0000 0.0000 HEVC-TB

0.0000 0.0000 0.0334 HEVC-SB

AVC-TB

0.0405 AVC-SB

0.0000 0.0000 HEVC-TB

0.0000 0.0000 0.0223 HEVC-SB

Figure 8 The corrected P values for multiple comparison in evaluating restoration accuracy of AVC and HEVC with respect to time-based 
and similarity-based sequence reordering methods. AVC, Advanced Video Coding; TB, time-based; SB, similarity-based; HEVC, High 
Efficiency Video Coding.

This indicates that the redundancy among frames can 
be effectively reduced by the prediction mechanism 
employed in inter-frame coding algorithms (22-24). For 
medical images such as CT and MRI, this continuity is a 
natural property that exists in spatial space. Therefore, it is 
favorable to use video encoders with an inter-frame coding 
algorithm for medical image compression. 

The advanced video encoders could provide an even 
higher CR. In this study, the CRs of AVC were 41.3% and 
43.7% higher than those of M-JPEG based on TB and SB 
sequences, respectively. HEVC demonstrated even higher 
CRs than those of M-JPEG by 43.5% and 51.2% based 
on TB and SB sequences, respectively. The CRs of HEVC 
were also 4.8% and 5.1% higher than those of AVC based 
on TB and SB sequences, respectively. Compared to our 
previous results (18-20), the CRs achieved by AVC for cine-
MRI were relatively low. The reason for this may be that 
more bony structures and less noise are usually presented 
in 4DCT and CBCT, whereas a large quantity of noise, 
contrast difference, and deformation of soft tissues usually 
appear in cine-MRI. The poor IF-CORR between slices 
could have resulted from these factors (15). 

The clustering algorithm was introduced in sequence 
reordering of this study to improve the inter-frame 
similarity of the sequences for video encoding. The 
similarity metrics were evaluated and compared for both 
TB and SB methods. In general, the SB reordering method 
showed better performance than the TB reordering 
method. This indicates that improving similarity between 2 
adjacent slices in a sequence could be beneficial for higher 
CR. However, as the motion region is smaller relative to the 

whole image in this study, the improvement of inter-frame 
similarity of a sequence is small.

As the amplitudes and directions of organ motion in 3 
cardinal planes are different, the inter-frame similarities 
of their sequences and the subsequent CRs of their videos 
are varied. Among them, the average CR of transverse 
sequences is the highest, and the average CRs of the 
sagittal and coronal sequences are the second and third, 
respectively. This indicates that the motion amplitude of 
organ is the least in transverse plane followed by the sagittal 
plane. The proposed clustering algorithm can capture the 
organ motion information in which the inter-frame coding 
algorithms can be utilized. 

M-JPEG with intra-frame encoder took the least time 
in terms of the processing time. This is because the intra-
fame coding algorithm does not deal with the correlation 
computation and motion prediction between frames. 
Meanwhile, more time is spent on block searching, motion 
vector prediction, data interpolation, in the video encoders 
with inter-frame coding algorithm. It should be noted that 
the time spent on compression could increase significantly 
with the advanced video encoder. For example, the time 
spent by AVC was 1.18 times that spent by M-JPEG, 
whereas the time spent by HEVC was 4.05 times that spent 
by M-JPEG. As a consequence, the additional processing 
time will result in higher CRs and restoration accuracy.

The effect of decompression loss on the clinical use of 
cine-MRI could be minor as the main clinical application 
of cine-MRI is for real-time tumor/target tracking and it is 
less frequently used for treatment planning purposes (20,21). 
For retrospective reviewing purposes, it could be used to 
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build a 3D motion model via deformable transformation of 
4DCT or 3DCT (11,12). Similar to 2D KV/MV images or 
3D CBCT which are routinely used in tumor localization 
and position verification during radiotherapy treatment, the 
image quality requirement for cine-MRI is not higher than 
those of 3D CT/MRI which are acquired for diagnosis, 
surgical simulation, and treatment planning purposes. In 
our previous study (24), the influence of decompression 
loss on target localization accuracy was evaluated based on 
decompressed images and the results showed that its impact 
was hardly discernible. The effect of decompression loss on 
the clinical applications of cine-MRI should be investigated 
in the same way as our previous studies. Considering 
that substantial effort is required for the multiple image 
registration tasks (2D-to-2D and 2D-to-3D) to be evaluated 
in 3 cardinal views for a patient, this work will be continued 
in our future study.

Conclusions

The inter-frame coding algorithm provides an efficient 
way to store cine-MRI for MRI-guided radiotherapy. The 
storage space can be significantly reduced while the major 
content of the image can be effectively conserved. For 
cine-MRI, the SB sequence reordering method provides 
a better way for further improving current compression 
performance. Among the 3 video encoders, HEVC provided 
the best performance with the highest CR and restoration 
accuracy, making it a better choice for clinical on-board 
image data storage.
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