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Abstract: In this paper, we propose an integrated spatial and view scalable video codec based on 
high efficiency video coding (HEVC). The proposed video codec is developed based on similarity 
and uniqueness between the scalable extension and 3D multi-view extension of HEVC. To improve 
compression efficiency using the proposed scalable multi-view video codec, inter-layer and inter-
view predictions are jointly employed by using high-level syntaxes that are defined to identify view 
and layer information. For the inter-view and inter-layer predictions, a decoded picture buffer 
(DPB) management algorithm is also proposed. The inter-view and inter-layer motion predictions 
are integrated into a consolidated prediction by harmonizing with the temporal motion prediction of 
HEVC. We found that the proposed scalable multi-view codec achieves bitrate reduction of 36.1%, 
31.6% and 15.8% on the top of ×2, ×1.5 parallel scalable codec and parallel multi-view codec, 
respectively.  
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1. Introduction 

With recent remarkable development of multimedia 
technology, various high performance multimedia devices 
such as smart phone, tablet PC, smart TV, and so on have 
been widely deployed all over the world. Driven by the 
market environment, users demand multimedia contents in 
higher resolution and high quality videos for better 
experiences. In addition, the market demands have 
independently driven to the new display devices with 
diverse resolutions and multiple view-points for 3D. In the 
future, we can expect multimedia services supported for 
heterogeneous scalability of diverse resolution and multi-
view ones. From the video coding point of view, scalable 
and multi-view video coding technique is required to 
support various display devices with diverse resolution and 
multiple view points over a limited bandwidth. According 
to these circumstances, the conventional H.264/AVC has 
its own scalable and multi-view extensions independently 
[1-11]. Beyond the separate scalable coding standards, a 
consolidated video coder will be expected for the joint 
scalability in the near future. 

After finalization of H.264/AVC and its scalable and 
multi-view extensions, ISO/IEC MPEG and ITU-T VCEG 
founded the Joint Collaborative Team on Video Coding 

(JCT-VC) and started the standardization of new state-of-
art video coding, named HEVC to achieve twice higher 
coding performance compared to the conventional 
H.264/AVC [12-23]. On January 2013, HEVC was 
released as Final Draft International Standard (FDIS) for 
the upcoming Ultra High Definition (UHD) videos beyond 
the Full-HD videos. After finalization of the 
standardization, it is expected that HEVC will be widely 
used for diverse video services such as wide-band 
streaming, broadcasting, and conferencing with very high 
resolution videos (e.g. over 4K×2K), etc. The extensions 
for scalable video and multi-view video are also being 
standardized for multiple layers (resolutions/quality) and 
multiple views by JCT-VC and JCT-3V groups, 
respectively, i.e. HEVC and its extensions consider not 
only the high resolution video but also the multiple 
layer/view scalability for various devices with diverse 
resolutions and view-points [24-30]. However, scalable 
and multi-view extensions of HEVC are being 
independently standardized in the similar manner of the 
standardization of H.264/AVC extensions. According to 
this fact, the international standard does not support the 
view/resolution scalable services, e.g. 3D video service for 
displays with different resolutions. Therefore, research on 
the unified scalable multi-view video coding could be 
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introduced for the future media applications. In this paper, 
we propose an integrated scalable multi-view video coder 
that can support view/layer scalabilities in a consolidated 
framework based on HEVC. To maximize coding per-
formance of the proposed joint codec, we designed high 
level syntaxes to indicate view and layer IDs, decoded 
picture buffer management algorithm, and adaptive inter-
layer/inter-view prediction methods. Therefore, the 
proposed scalable multi-view codec supports not only the 
inter-layer prediction but also the inter-view prediction to 
improve coding performance for the picture of the 
enhanced layer in the extended view. Using inter-view and 
inter-layer prediction adaptively, we found that a 
significant coding gain is achieved for the extended view 
in the enhanced layer over test video sequences. 

In Section 2, the extensions of HEVC will be 
introduced to summarize the key technologies of multi-
view and scalable coders. Then, in Section 3, the proposed 
joint codec will be described in detail. To evaluate the 
performance of the proposed codec, experimental results 
will be shown in Section 4 and conclusion will be 
addressed in Section 5. 

2. The Overview of HEVC Standard and 
Extensions 

Overall coding structure of HEVC standardized by 
JCT-VC is similar to that of the conventional H.264/AVC 
e.g. block-wise coding, intra/inter prediction, transform, 
etc., as shown in Fig. 1. However, HEVC employs various 
improved coding tools to improve compression perfor-
mance. For intra coding, more prediction directions were 
designed. For inter coding, 1/4 pixel resolution motion 
estimation based on DCT-based interpolation and new 
motion prediction were adopted. Context adaptive binary 
arithmetic coding (CABAC) for entropy coding is 
employed which is the same with one in H.264/AVC; 
however, syntax models and initialization were modified 
according to new syntax elements in HEVC. For in-loop 
filtering, not only deblocking filter but also sample 
adaptive offset (SAO) is designed to improve coding 
efficiency and subjective quality. Moreover, the hierar-
chical predictions and transformations over larger block 
partitions contribute to significant coding gain of 40% in 

bit-saving against H.264/AVC. 
By JCT-3V group, the multi-view extension of HEVC 

is being standardized since July 2012. The major tool of 
HEVC-based multi-view extension is inter-view prediction 
for coding efficiency. Because multi-view videos are 
captured by slightly shifted multiple cameras at the same 
time, we can expect high correlation among views. 
Furthermore, even if temporal correlation decreases by 
scene change and very fast motion activity, the high inter-
view correlation can be preserved. Therefore, using the 
inter-view prediction, additional redundancy can be 
removed and higher coding efficiency can be achieved. 
Note that the base view shall be compatible to HEVC for 
backward compatibility.  

The scalable extension of HEVC is also being 
standardized with consideration of temporal, spatial and 
quality scalability under the JCT-VC. The scalable 
extension enables flexible and adaptive video services 
depending on various channel bandwidths and resolutions. 
To achieve these functionalities, the major tool of scalable 
coding is inter-layer prediction. Similarly to the inter-
frame prediction, the inter-layer prediction removes 
redundancy between two layers and enables to achieve 
high coding efficiency. Especially, inter-layer prediction 
can be conducted by adding the up-sampled base layer 
frame into the DPB for spatial scalability, so called the 
reference index method. In the same manner, the view 
scalability of multi-view HEVC (MHVC) was developed 
by adding the reconstructed inter-view frames into the 
DPB. The SHVC and MHVC are independently developed 
but they have the same philosophy to achieve different 
scalabilities. In this paper, we develop a joint scalable 
multi-view video coding based on modification of DPB 
management on HEVC. 

3. The Proposed Scalable Multi-view 
Video Coding Based on HEVC 
(SMHVC) 

The proposed SMHVC provides not only the spatial 
scalability but also the view-scalability with compatibility 
for the base layer of the base view to HEVC single-
view/layer coding. The proposed SMHVC can achieve 
higher coding performance for enhanced layers and 
extended views from advantages of inter-view and inter-
layer predictions, respectively. In addition, for the 
enhanced layer of the extended view, the proposed codec 
can achieve higher coding performance by employing 
adaptive inter-layer/inter-view prediction method.  

Fig. 2 shows a coding structure with the proposed 
SMHVC for two views and two spatial layers. The video 
at the base view of the base layer is coded by HEVC and 
the coded video can be decoded for the conventional 2D 
video services. With better network connections and 
devices, 2D spatial scalable and/or multi-view video 
services can be performed with the proposed SMHVC. 
As shown in Fig. 2, the higher spatial resolution multi-
view video services are also possible with the proposed 
SMHVC. 

Fig. 1. Block-diagram of HEVC encoder. 
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3.1 Overall Structure of the Proposed 

Integrated Scalable Multi-view Video 
Codec 

We have several possible scenarios to provide the 
scalable multi-view video services. Fig. 3 shows four 
coding structures for scalable multi-view videos. Figs. 3(a) 
and (b) show that parallel scalable and parallel multi-view 
codecs which are capable of providing the spatial/view 
scalable functionalities with two independent scalable 
codecs or two multi-view codecs in parallel, respectively, 
with minimal computational complexity. However, each 
codec employs only one dimensional prediction i.e. inter-
layer or inter-view prediction. Figs. 3(c) and (d) show that 
the parallel scalable codec on multi-view codec and 
parallel multi-view codec on scalable codec, respectively, 
which compress the base layer or the base view first using 
scalable codec or multi-view codec. By using the parallel 
multi-view codec or parallel scalable structures, they can 
achieve additional coding gain. Both algorithm can use one 
of inter-layer or inter-view redundancy for the enhance-
ment layer of the auxiliary view. However, the enhance-
ment layer of the auxiliary view could be coded by using 

both predictions. 
Fig. 4 shows a block diagram of the proposed SMHVC 

for the extended view in the enhanced layer. In Fig. 4, the 
interpolated reconstructed picture of the base layer is fed 
into the decoded picture buffer of the enhanced layer for 
inter-layer prediction and the up-scaled motion vector of 
the base layer can be exploited in motion prediction of the 
enhanced layer. Likewise, in case of multi-view coding, 
the reconstructed picture of the base view is transferred to 
decoded picture buffer of the extended view without up-
scaling and the motion vector is also exploited for the 
coding of the extended view. The proposed consolidated 
SMHVC conducts compression using both inter-layer and 
inter-view prediction with the same manners of the 
conventional scalable and multi-view coding structures. 
For the proposed SMHVC, both inter-layer and inter-view 
predictions are adaptively employed for coding of the 
enhancement layer in the extended view which is not 
supported in the independent scalable and multi-view 
codecs. 

Fig. 5 shows the random access coding structure of 
SMHVC for a group of picture (GOP) in case that the size 
of GOP is equal to four using temporal (dotted line) and 
the proposed adaptive inter-layer / inter-view prediction 
(solid line). Differently from the conventional scalable 
coding and multi-view coding algorithms, the proposed 
SMHVC improves coding efficiency by maximizing 
removal of temporal, inter-layer and inter-view redun-
dancies while coding the picture of the enhanced layer in 
the extended view. The best prediction mode is adaptively 
decided based on rate-distortion optimization (RDO) and 
this will affect the coding performance of the following 
encoding pictures. 

For prediction with the reconstructed pictures from the 

Fig. 2. Applications of the proposed SMHVC. 

 

                       (a)                                        (b) 
 

                      (c)                                          (d) 

Fig. 3. Four coding structures for scalable and multi-
view videos; (a) Parallel scalable codec, (b) Parallel
multi-view codec, (c) Parallel scalable codec on multi-
view codec, (d) Parallel multi-view codec on scalable
codec. 

Fig. 4. Block diagram of the proposed SMHVC coding 
for the extended view in the enhanced layer. 
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different layer or view, identification numbers of the view 
and layer should be signaled. If the reference picture 
comes from a lower spatial layer, up-sampling process 
should be conducted additionally with the proposed 
interpolation method. In SMHVC, we also propose a new 
motion prediction through modification of the AMVP and 
merge mode in HEVC with consideration of the adaptive 
inter-layer/inter-view prediction. The proposed motion 
vector prediction is conducted by adding the inter-layer 
and inter-view motion vector as additional candidates to 
AMVP and merge mode and it can improve the accuracy 
of motion vector prediction. It employs the high motion 
correlation among layers and views. To evaluate coding 
performance of the proposed SMHVC, we implemented 
the consolidated scalable multi-view codec on HEVC 
reference software and a coded bitstream for the base view 
in the base layer is completely compatible to HEVC. 

3.2 Decoded Picture Buffer (DPB) 
Management 

For the current scalable and multi-view coding 
standards, the reconstructed pictures of the base layer and 
the base view are used as reference pictures to improve 
coding performance of the enhanced layers and extended 
views, respectively. The SVC does not manage the 
reconstructed pictures of the base layer in DPB but 
employs a special decoding process so called intra-BL. In 
SHVC, the reconstructed picture of the base layer is used 
to conduct inter-layer prediction instead of intra-BL. This 
has an advantage preserving coding gain, compared to 
intra-BL without any change of decoding process by using 
the same inter-prediction syntaxes i.e. reference index and 
motion vector. However, due to the resolution difference 
between the base layer and the enhanced layer in case of 
spatial scalability, the reconstructed picture and the 
temporal motion of the base layer are up-scaled before 
putting the reconstructed picture into DPB. Then, inter-
layer prediction conducted with the same fashion of 
motion estimation and motion vector prediction, respec-
tively. If the inter-layer prediction is conducted, the inter-
layer phase vector would not be large because the 

reference picture of the base layer and the encoding picture 
of the enhanced layer are at the same time, therefore, zero 
displacements frequently occur in the most prediction units 
and we can skip the phase estimation as an encoding issue. 
However, inter-layer phase shift occurs in down-sampling 
of the input picture and up-sampling of the reconstructed 
picture for scalable coding. Accordingly, the proposed 
SMHVC includes an independent decoded picture buffer 
management to employ aforementioned inter-layer predic-
tion to improve coding performance. Furthermore, in case 
of inter-view prediction, the same decoding process can be 
also employed based on the proposed DPB management 
algorithm. 

Fig. 6 shows an example of coding structure and 
decoded picture buffer management for the proposed 
SMHVC. L, V, and T denote layer, view and time, 
respectively. As shown in Fig. 6(a), it is assumed that the 
current coding picture is L1V1T3 of the extended view in 
the enhanced layer at T3 and the coding order is T0, T4, T2, 
T1, and T3. For the current coding picture, it makes use of 
the pictures that are in the enhanced layer and have smaller 
Picture Order Count (POC) for forward prediction, i.e. 
L1V1T0 and L1V1T2 in reference list 0, as shown in Fig. 5(b). 
For backward prediction, L1V1T4 in reference list 1 which 
has a larger POC than the current picture can be referenced. 
Finally, L0V1T3 and L1V0T3 are stored in reference list 2 
with the same POC can be used for adaptive inter-layer 
and inter-view prediction. However, the reference pictures 
in the base layer have a lower resolution than the enhanced 
layer for the spatial scalable coding. Therefore, the 
reference picture in the base layer should be up-sampled 
for a reference picture of inter-layer prediction. 

In the proposed adaptive inter-layer and inter-view 
prediction, temporal P, temporal B, inter-layer, inter-view, 
combined temporal-inter-layer, and combined temporal-
inter-view prediction modes are adaptively selected. Note 
that temporal correlation is generally higher than inter-
layer or inter-view correlation, therefore, we restricted 
prediction modes in SMHVC as above mentioned with 
consideration of the amount of the mode signal bits. To 

 

Fig. 5. Random access coding structure of SMHVC
using temporal and the proposed adaptive inter-layer 
and inter-view prediction. 

 

(a) 
 

(b) 

Fig. 6. An example of the proposed DPB management 
for the proposed SMHVC (a) Coding order and struc-
ture, (b) Decoded picture buffer. 
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achieve higher coding gain for the picture of the extended 
view in the enhanced layer, the listed prediction methods 
are supported using the proposed DPB management in 
SMHVC. 

3.3 Motion Vector Prediction of the 
Proposed SMHVC 

SMHVC supports merge mode and Advanced Motion 
Vector Prediction (AMVP) as the same with HEVC which 
derive motions from neighboring blocks based on motion 
correlation. For inter-layer and inter-view prediction, 
motions from the reference layer and the reference view 
can be additionally employed because those reference 
layer and view are captured at the same time and also 
highly correlated. In SMHVC, the available motion 
information from the reference layer or view are derived 
and employed for motion prediction. To find the corre-
sponding motion information, up-scaling for inter-layer 
motion derivation and global disparity-based inter-view 
motion derivation are described in this chapter. 

In case of coding a picture in the enhanced layer, the 
predictor of the temporal motion vector for the current 
block can be derived from the temporal motion vector of 
the corresponding block in the base layer. Fig. 7 shows the 
temporal motion derivation using up-scaling in case of the 
spatial scalable coding. As shown in Fig. 8, the enhanced 
layer coding picture employs the up-scaled motion vector 
of the corresponding block in the base layer. In the base 
view, the motion vectors are stored in each 4×4 block 
regardless of the size of CU or PU. Therefore, to employ 
the temporal motion of the base layer, we need to find the 
motion vector of the corresponding 4×4 block described as 
follows. 

- Find out the position of the first pixel in 4×4 block   
(x, y) in the enhanced layer 

- Find the corresponding pixel position (x’, y’) in the 
base layer 

- Calculate the index of CTU and sub-block index of 
the corresponding block which include the pixel      
(x’, y’) 

- Up-scale the motion vector of the corresponding 
block in the base view 

In the proposed SMHVC, the motion vector prediction 
for the inter-view prediction exploits the predicted motion 
with consideration of the global disparity as shown in Fig. 
8. To predict the motion vector from the base view for the 
current block in the extended view, the corresponding 
position should be found in advance. Among pictures 
captured at the same time by cameras with different 
positions in multi-view video, the disparity exists. 
Therefore, by using the disparity, the corresponding 
position of a block in the reference picture can be found. 
This predicted inter-view motion vector can be replaced to 
each other to the predicted inter-layer motion vector for the 
scalable coding and then, merge mode and AMVP are 
performed in the same way. In SMHVC, the global 
disparity vector is explicitly signaled in bitstream. And 
decoder can calculate the predicted inter-view motion 
vector candidate as same in encoder. Because the global 
disparity vector calculation is an encoding issue, it doesn’t 
affect the decoding process. Thus SMHVC calculates the 
global disparity vector by global disparity estimation on 
the 1/8 down-sampled picture with consideration of the 
computational complexity. 

 

3.4 Inter-layer Interpolation Filter 
The proposed SMHVC compresses scalable multi-view 

videos by estimating motion, disparity and phase using the 
reconstructed reference pictures in the DPB. Especially, all 
the reference pictures from the base layer for inter-layer 
prediction in spatial scalable coding should be interpolated 
to the same resolution of the enhanced layer. In the 
proposed SMHVC, Discrete Cosine Transform-based 
Interpolation Filter (DCT-IF) is employed. The filter used 
for half-pel positions of ×2 up-sampling is the same as that 
of HEVC. In HEVC, an 8-tap FIR interpolation filter, {-1, 
4, -11, 40, 40, -11, 4, -1}, is used for luma 1/2 pixel 
position. In the proposed SMHVC, we derived DCT-based 
interpolation filter for 1/3 and 2/3 pixel positions in case of 
×1.5 up-sampling, {-1, 4, -9, 26, 53, -12, 5, -1} and {-1, 5, 
-12, 53, 26, -9, 4, -1} are used, respectively. Chroma 

Fig. 7. Up-scaled inter-layer temporal motion vector 
derivation in spatial scalable coding. 

 Fig. 8. Inter-view temporal motion vector derivation.
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samples also need to be interpolated and 4-tap filter, {-4, 
36, 36, -4}, is used for 1/2 pixel position. For 1/3 and 2/3 
pixel position, {-5, 25, 51, -7} and {-7, 51, 25, -5} are 
applied, respectively. 

4. Performance Evaluations of the 
Proposed Scalable Multi-view Video 
Codec 

In this paper, we proposed scalable multi-view video 
codec to improve the coding performance. To evaluate the 
performance, we implemented SMHVC on HM6.1, the 
reference software of HEVC, and conducted the experi-
ments using full-HD multi-view video sequences recom-
mended by JCT-3V group [31][32]. 

4.1 Test Conditions for the Performance 
Evaluation 

For performance evaluation, we used JCT-3V multi-
view test sequences with full-HD resolution with 25fps 
(frames per second). For the experiments, we generated the 
spatial down-sampled video using the down-sampling 
filter with 0.9πcut-off frequency recommended by JCT-VC. 
Using the filter, we generated 1/2 and 2/3 down-sampled 
video with 940×540 and 1280×720 resolution respectively. 
To evaluate the performance, the experiments performed 
under Common Test Condition (CTC) [33] and 2-view 
coding configuration of JCT-3V. Table 1 shows the 
detailed test condition and Table 2 shows the QPs for each 
experiment.  

In the experiment, the left view is set as the base view 
and the picture of the base view in the base layer (V0L0) 
coded first then the picture of the base view in the 
enhanced layer (V0L1) and the picture of the extended 

view in the base layer are coded. Lastly, the picture of the 
extended view in the enhanced layer is coded. During 
coding of these pictures acquired at the same time, from 
the QP used for the picture of the base view in the base 
layer, the QP for multi-view coding is set to +3 and the QP 
for scalable coding is set to +2. 

4.2 Experimental Results of the Proposed 
SMHVC 

In this section, the experimental results of SMHVC 
will be shown. To evaluate the coding performance of 
SMHVC, the reference software, SHVC, for standardiza-
tion by JCT-VC was used. In SHVC, interlayer prediction 
is performed by referencing the corresponding block 
without further motion estimation. To improve the coding 
efficiency, SMHVC conduct additional motion estimation 
i.e. combined prediction, enhanced P and enhanced B, for 
prediction of more accurate motion. SMHVC is integrated 
and can provide scalable and multi-view coding. However, 
by using scalable and multi-view codecs each, the scalable 
multi-view video services can be provided, e.g. for coding 
of stereo video, parallel scalable coding can be possible 
without multi-view coding.  

Table 3 shows the coding performance of SMHVC 
compared to the results of parallel scalable coding and 
parallel multi-view coding. As shown in Table 3, SMHVC 
outperforms the parallel scalable coding with about 36% 
and 32% bitrate reduction in average for ×2 and ×1.5 
spatial scalable videos respectively based on Bjøntegaard-
Delta (BD)-Bitrate [34]. The parallel scalable coding has 
an advantage for coding of scalable multi-view video with 
only scalable codec, however, it cannot exploit the inter-
view correlation using inter-view prediction. Therefore, 
the high compression performance cannot be expected. 
Another alternative to provide the scalable multi-view 
video services using only 1 codec is parallel multi-view 
coding. Parallel multi-view codec compresses multi-view 
video in each layer without inter-layer prediction. By using 
the additional inter-layer prediction, SMHVC achieves 
16% higher coding gain against parallel multi-view coding 
as shown in Table 3. However, the coding efficiency of 
SMHVC compared to parallel multi-view coding is less 

Table 1. Test conditions. 

Parameter Configured value 
Coding Mode Random Access 

Maximum CTU size 64 
Maximum CU depth 4 
Maximum TU depth 3 

The number of reference 
pictures 4 

Entropy coding CABAC 
RDO-Q On 

 
Table 2. The values of quantization parameter. 

View/ 
Layer 

QP for  
Exp. 1 

QP for 
Exp. 2 

QP for  
Exp. 3 

QP for 
Exp. 4 

V0L0 22 26 32 36 
V0L1 24 28 34 38 
V1L0 25 29 35 39 
V1L1 27 31 37 41 

 

Table 3. Coding efficiency of SMHVC compared to 
parallel scalable coding and parallel multi-view coding.

Parallel 
scalable 

coding ×2 
spatial 

scalable 
coding 

Parallel 
scalable 

coding ×1.5 
spatial 

scalable 
coding 

Parallel  
multi-view 
coding for 
×1.5 spatial 

scalable  
video 

 

BD-Bitrate 
GT_Fly -44.60% -43.00% -6.80% 

Poznan_Hall2 -23.10% -14.30% -17.50% 
Poznan_Street -33.30% -26.90% -26.50% 
Undo_Dancer -43.50% -42.20% -12.30% 

Average -36.10% -31.60% -15.80% 
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than which it is compared to parallel scalable coding 
because it is with absence of removal of inter-view 
redundancy. 

To provide the scalable multi-view video services 
using both scalable and multi-view codec, scalable-based 
parallel multi-view coding and multi-view-based parallel 
scalable coding can be used. The former compresses the 
base layer and the enhanced layer in the base view first 
then the layers in the extended view while the latter 
compresses the base view and the extended view of the 
base layer first then the view of the enhanced layer. As 
shown before, parallel multi-view codec outperforms 
parallel scalable codec. Therefore, in this paper, scalable-
based parallel multi-view coding, the former, is used and 
performed experiments to be compared to SMHVC. Table 
4 shows the coding performance of SMHVC compared to 
scalable-based parallel multi-view codec. As shown in 
Table 4, SMHVC shows about 2.9% better coding 
efficiency for the enhanced layer in the extended views 
while 7.1% and 6.6% worse for the V0L1 and V1L0 
respectively. This is because SHVC and 3D-HTM are used 
to conduct the experiments and were improved during 
standardization independently. However, scalable-based 
parallel multi-view codec uses 2 separated codecs and they 
are not synchronized in coding loop. For coding of 
scalable multi-view video, the scalable coding has to be 
performed first prior to the parallel multi-view coding to 
reference the reconstructed picture and must be 
synchronized among platforms while SMHVC is 
synchronized in coding loop and integrated in a platform. 
Another advantage of SMHVC is that it can additionally 
exploit the syntax and compress the scalable multi-view 
video in a single-loop. If SMHVC includes additional 
coding tools in 3D-HTM, the better coding performance 
can be easily expected. 

Table 5 shows the encoding computational complexity 
of SMHVC compared to parallel scalable codec and 
parallel multi-view codec respectively. SMHVC shows 
higher encoding complexity than both parallel scalable 
codec and parallel multi-view codec. SMHVC uses more 
reconstructed picture i.e. inter-layer and inter-view 
reference pictures and includes additional inter-layer 
motion estimation for scalable coding. Therefore, SMHVC 
needs more computational complexity. As shown in Table 
5, encoding time is increased by about 66% and 59% when 
encoding using SMHVC in ×2 and ×1.5 spatial scalable 
coding with about 34% bitrate reduction. SMHVC shows 
about 8% complexity increment compared to parallel 

multi-view codec in case of ×1.5 spatial scalable coding 
with 16% bitrate gain. 

SMHVC needs additional memory to store the 
reference pictures. In the multi-view coding, SMHVC 
performs additional inter-layer prediction for combined 
prediction compared to parallel multi-view codec. If the 
resolution of the enhanced layer is full-HD, about 16.7% 
and 6.3% of additional memory is required in level 4.x and 
5.x of HEVC respectively. In case of scalable coding, if 
the resolution of the base layer is 720p, about 11.2% and 
4.2% of additional memory is required in level 4.x and 5.x. 
SMHVC integrated on a platform and most of the 
conventional tools can be shared and reusable for both 
scalable and multi-view coding while the scalable-based 
parallel multi-view codec needs both scalable codec and 
multi-view codec on multiple platform. This kind of codec 
on multiple platforms needs to transfer the data from one 
to another as a big overhead and is restricted to exploit 
syntax derivation. 

5. Conclusion 

In this paper, we proposed SMHVC overcome the high 
cost of existence of multiple codecs in a device. To 
integrate the scalable codec and multi-view codec on a 
platform, we defined high-level syntax to identify the view 
/ layer and proposed the combined inter-prediction, motion 
prediction and DPB management to improve the coding 
performance. To reference the reconstructed picture of the 
base view in the base layer, the reference picture is 
managed in the separated picture buffer to combine the 
inter-view and inter-layer prediction. For motion predic-  
tion of the enhanced layer, up-scaled inter-layer motion 
prediction with consideration of spatial resolution ratio and 
global disparity-based inter-view motion prediction were 
proposed. To interpolate the reconstructed picture of the 
base view, DCT-based ×1.5 interpolation filter for 1/3 and 
2/3 fractional positions. 

To evaluate the coding performance, compared to 
scalable multi-view codec, the proposed SMHVC achieved 
about 34% coding gain with about 62% complexity 
increment compared to parallel scalable video codec and 
about 16% coding gain with about 16% complexity 

Table 4. Coding efficiency of SMHVC compared to 
scalable-based parallel multi-view coding. 

BD-Bitrate Sequence 
V0L1 V1L0 V1L1 

GT_Fly 7.2% 3.8% 5.0% 
Poznan_Hall2 12.7% 8.1% 9.1% 
Poznan_Street 7.3% 7.6% -31.8% 
Undo_Dancer 1.3% 6.8% 6.1% 

Average 7.1% 6.6% -2.9% 

 

Table 5. Encoding complexity of SMHVC compared to 
parallel scalable codec. 

 

Parallel 
scalable 

coding ×2 
spatial 

scalable 
coding 

Parallel 
scalable 

coding ×1.5 
spatial 

scalable 
coding 

Parallel  
multi-view 
coding for 
×1.5 spatial 

scalable  
video 

GT_Fly 153.5% 145.5% 104.7% 
Poznan_Hall2 168.3% 159.9% 115.2% 
Poznan_Street 185.8% 178.9% 115.0% 
Undo_Dancer 158.1% 155.2% 98.7% 

Average 166.0% 159.2% 108.2% 
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increment compared to parallel multi-view video codec. 
Lastly, we expect that if the proposed integrated scalable 
multi-view video codec is updated based on the new 
version of the reference software, it will show further 
improvement of coding efficiency. 
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