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ABSTRACT
 

In this paper, a dynamic offloading model is proposed to 
minimize the energy consumption of mobile devices by ex-
ploiting cloud computational resources for view synthesis. 
The computational complexity of view synthesis, the pro-
cessing capability of the cloud,�the processing capability and 
the power consumption of the mobile are considered jointly 
into the model to provide an optimized solution. Several 
simulations based on parameters of real mobile devices 
demonstrate that the proposed method can save an average 
of 42.59%(4-partition case) and 46.40%(8-partition case) of 
total energy on different mobile devices and an average of 
67.58%(4-partition case)� and 69.76%(8-partition case) of 
total energy under different transmitting rates than the exist-
ing algorithms for view synthesis, respectively. 

Index Terms View synthesis, dynamic resources allo-
cation, energy minimization, FTV

1. INTRODUCTION

In recent years, the emergence of mobile devices has led to 
the wide spread of mobile applications. Free viewpoint TV 
(FTV) [1] is a potential one among them, which allows 
viewers to watch a 3D scene from multiple perspectives. 

The Moving Picture Experts Group (MPEG) started FTV 
standardization project in April 2007 and has adopted a 
system architecture of performing depth estimation and view 
synthesis with the data format Multiview Video plus Depth 
(MVD) [2]. The MVD based architecture can reduce the 
data size to be transmitted by generating the virtual views 
using depth image-based rendering (DIBR) [3]. In order to 
obtain virtual views with good quality, DIBR introduces 
Warping, Blending, Hole Filling and Boundary Noise Re-
moving [3] to map the reference viewpoints to the virtual 
viewpoints. However, the process presents high computa-
tional complexity, which restricts the application of FTV 
especially on portable devices, such as smart phones, PCs 
etc. 

As the rapid developing of multimedia cloud computing, 
it can provide a variety of computing and storage services 
for mobile devices. Some researchers propose to integrate 
cloud technology with free view point technology [4], but 
the introduction of hardware will result in much higher cost 
in equipment and inconvenience to the users of portable 

devices. B. Zhou et�al.�put forward a context sensitive of-
floading scheme. It did not consider the energy consumption 
during the mobile idle time, which may lead to an error in 
offloading [5]. K. Kumar et�al. conducted a survey of cloud 
offloading methods and analyzed their applicability on dif-
ferent portable devices [6]. However, none of those methods 
is dynamic offloading method aimed at energy minimization 
for view synthesis on mobile devices.   

In this paper, a dynamic offloading model is proposed to 
minimize the energy consumption of mobile devices by ex-
ploiting cloud computational resources for view synthesis. 
Exploiting the complexity of each partition in the current 
frame, predicted by the number of non-hole pixels in the 
previous frames, partitions in each frame are allocated dy-
namically between the cloud and the mobile based on the 
proposed dynamic offloading model to minimize energy 
consumption on the mobile device. Experiments performed 
on real mobile devices and a variety of video contents 
showed that the proposed approach can reduce up to 
96.13%(4-partition case) and 97.07%(8-partition case) of 
total energy for the mobile. 

The rest of the paper is organized as follows. In Section 2, 
the proposed cloud offloading system for view synthesis is 
introduced. In Section 3, the energy consumption of mobile 
is analyzed and the dynamic offloading model is described 
in detail. The experimental results are provided in Section 4 
with conclusions in Section 5. 

2. THE PROPOSED SYSTEM

The architecture of the proposed dynamic cloud offloading 
system for minimizing the energy consumption of view syn-
thesis on mobile devices is shown in Fig. 1. The system 
mainly consists of Data�Partitioning,�Workload�Prediction,�
Dynamic�Offloading�Model, View�Synthesis and Data� Inte­
grating.  

In Data�Partitioning, each frame of the reference views 
can be partitioned into several parts according to the re-
quirements. Each frame can be partitioned horizontally, 
vertically, or partitioned into tiles like that defined in 3D-
HEVC [2]. Texture and depth from the left and right refer-
ence views of every frame in the video take the same parti-
tion scheme. Each partition group, including texture and 
depth partitions from the left and right reference views, is 
assigned to cloud or to mobile for view synthesis. 
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Workload�Prediction�calculates the workload in each par-
tition based on the non-hole  distribution in the 
warped image. It predicts the future workload by retrieving 
the number of non-hole pixels in each line of current frame.  

In Dynamic�Offloading�Model, the complexity of view 
synthesis algorithm, the size of the video, the processing 
capability of the cloud, the processing capability and the 
power consumption of the mobile are considered jointly into 
the model to provide an optimized solution, which minimiz-
es energy consumption on the mobile device by allocating 
the partitions to be processed dynamically between the cloud 
and the mobile. 

In View�Synthesis, both 1-D and 2-D view synthesis [7] 
techniques based on DIBR can be applied, which is deter-
mined by the arrangement of cameras and the location of 
virtual views. A partition of the virtual view will be generat-
ed after View�Synthesis, which will be sent to Data�Integrat­
ing for merging. 
Data� Integrating gathers the synthesized partitions from 

both the cloud and the mobile and combines the synthesized 
partitions into a complete virtual view for output.  

Fig. 1. The proposed parallel view synthesis system. 

3. THE DYNAMIC OFFLOADINGMODEL

In this section, we first analyse the energy consumption on 
the mobile device [8]. Then, a dynamic offloading model is 
proposed to minimize energy consumption on the mobile 
device by allocating the partitions dynamically between the 
cloud and the mobile. 

3.1. Energy consumption analysis

The energy consumption of an application on a mobile de-
vice can be modeled by 

all
sum c tr

C D
E P P

f B
                           (1) 

where cP and trP  denotes the power consumed during compu-
ting and data transmission, respectively; allC  is the total 
computations measured by the number of instructions; f� is 
the processing speed of the mobile measured by the instruc-
tions per second; D is the size of data transmitted to or from 
the mobile; and B is the network bandwidth. 

By exploiting cloud computational resources, the energy 
consumption of an application on the mobile device can be 
updated to be 

' m c
sum c i tr

C C D
E P P P

f S B
                 (2)  

where iP �is the power consumption on the mobile when 
being idle; S� is the processing speed of the cloud server 
measured by the instructions per second; cC  and mC denote 
the total computations measured by the number of instruc-
tions on the cloud and on the mobile, respectively.                   

According to Eq. (2), the energy consumption of the ap-
plication on the mobile depends on the complexity of the 
view synthesis algorithm, the computing capability of the 
mobile and the cloud, the bandwidth, and the size of trans-
mitting data. 

3.2. Offloading model

To minimize total energy consumption on the mobile, a 
dynamic offloading model is proposed to allocate the re-
sources automatically, with considering the complexity of 
view synthesis [9], the processing capability of the cloud and 
the mobile, the size of transmitting data and the transmitting 
speed of the internet jointly. The model is defined as, 

arg min( )m c
c i tr

C C D
I P P P

f s B
iI iarg min                (3) 

s.t. '
sum sumE E  

where II  is a vector, 1 2( , , , )nI I I I(I ( , )n, . If the value of 
( 1,2, , )iI i n, ),  is 0, the partition will be allocated to the 

mobile, otherwise it will be allocated to the cloud. n is the 
total number of partitions in one frame. The constraint 
means that the energy is saved by making use of the cloud 
computing resources. cC  and mC  denote the computations 
on the cloud and on the mobile respectively, which are cal-
culated by 

T

c tC I f
T
I f
T
II ,                                    (4) 

1

n

m i t c
i

C f C ,                                (5) 

where tf  is the processing speed of the test machine meas-

ured by the instructions per second. is a vec-

tor, 1 2( , , , )n(( , )n, . ( 1,2, , )i i n, ),  is the workload of 
view synthesis for the thi  partition [9], i  can be approxi-
mated by 

i Fi Mi ,                                              (6) 
where Fi and Mi  are workload of Forward Warping and 
Merging, respectively.  

Forward Warping warps the reference partition to the vir-
tual viewpoint pixel by pixel according to the 3D warping 
formula. So, its workload is proportional to the partition size, 
which is given by 

12Fi wh ,                                                (7) 
where multiplying by 2 represents warping from the left and 
right views simultaneously. w� and h denote the width and 
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height of each partition, respectively.� 1  denotes the warp-
ing workload per pixel, which can be calculated by 

1 ,
2

Fi
N

T

N wh
                              (8) 

where N is the total number of processed partition, FiT  is�the 
execution time of Warping during processing the thi  parti-
tion. Since 1 is algorithm and platform dependent,� 1 is 
retrieved and updated dynamically with view synthesis for a 
stable result on a specific platform.  

In Merging, the target viewpoint is generated by blending 
the two partitions warped from the left and right reference 
views pixel by pixel. Since it processes the pixel in the non-
hole regions, the workload of Merging, Mi , is proportional 
to the total number of pixels in the non-hole regions. So, it is 
given by 

2 ( 2 )Mi wh ,                                  (9) 
where  equals to 1 or 2 corresponding to mapping to inte-
ger pixel or half pixel precision, respectively. denotes the 
sum of hole pixels in two warped depth maps, which is illus-
trated in [9].� 2  denotes the workload of blending of a pixel 
in non-hole regions, which can be calculated by 

2 ( 2 )

Mi
N

N

T

wh
,                               (10) 

where MiT is the execution time of Merging during pro-
cessing the thi  partition. 

For every frame of an input video, the data transmitted 
from the cloud to the mobile can be calculated by 

= m cD D D ,                                                (11) 
for the partition view synthesised on the mobile, the data 
transmitted from the cloud to the mobile is mD ; for partition 
view synthesised on the cloud, the corresponding transmit-
ting data  is cD . Therefore, mD and cD  can be calculated by 

1

( 1) 2= ( ) 8
n

m i
i

WH
D n I

n
,               (12) 

1

(3 2)= 8
n
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i
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n
,                      (13) 

where�W�and H denote the width and height of a frame;  ,1 
and 8 are the parameter converting the size of the video into 
bits , equals to 1.5, 2 and 3 for videos using color space 
YUV 420, YUV 422 and YUV 444, respectively. Added 1 
in Eq. (12) represents adding the data size of Y component 
of depth video; multiplying by 2 in Eq. (12) means the parti-
tions from the left and right reference views. In Eq. (13), 
multiplying by 3 represents the virtual synthesized view 
partition together with texture view from the right and left 
view; added 2 means Y component of depth video from the 
right and left view.  

For a given platform, whatever the input video is, II  can 
be calculated by the proposed dynamic offloading model, 
which decides every partition whether being offloaded to the 
cloud or not. 

4. EXPERIMENTAL RESULTS

In order to demonstrate the effectiveness of the proposed 
model, we design several experiments considering the im-
pact of different videos, different mobile devices and differ-
ent transmitting rates of networks. 

4.1. The saved energy in different platforms

Table 1. Test sequences and viewpoints. 

In our experiment, six video sequences (the first 100 frames) 
with representative features, as listed in Table 1, are selected 
for testing. The input reference viewpoints and the virtual 
viewpoint needed to be synthesized are also listed. For sim-
plicity, the name of each sequence is abbreviated by the first 
three characters in the following.  

To prove that the proposed method is applicable to differ-
ent platforms, we obtain realistic parameters of four mobiles.  
The related power parameters of different mobiles are shown 
in Table 2. The parameters of HP iPAQ PDA come from [8], 
others are calculated by referring to the specifications. The 
transmitting rate of network in this experiment is 60Mbps 
and the speedup of the cloud is 160. The performance of 
proposed model is evaluated under 4 partitions (n=4) and 8 
partitions (n=8) cases. For simplicity, all frames are parti-
tioned horizontally in experiment. Comparing with perform-
ing view synthesis directly on the mobile without offloading, 
Table 3 shows the percentage of saved energy on different 
mobile devices of different input sequences. In Several 
simulations based on parameters of real mobile devices, 
94.95% (n=4) and 96.19% (n=8) of total energy can be 
saved at maximum. For different mobile device , an average 
of 42.59% (n=4) and 46.40% (n=8) total energy are saved 
for different sequences. For the same sequence, the amount 
of saved energy is mainly related to the processing speed of 
the mobile devices. Since the processing speed of HP iPAQ 

Table 2. The parameters of mobile device. 
Device f(MHz) cP �(W)� iP �(W)� trP �(W)�
HP iPAQ PDA  400 0.900 0.300 1.300 
Samsung S6 1536 0.183 0.031 0.750 
IPhone 6S 1843 0.150 0.025 0.825 
HTC 10 3072 0.400 0.023 0.981 

Seq. Res. No. of 
Frames

Input 
Views

Syn. 
View 

Bookarrival [10] 1024×768 100 10, 8 9 
Champagne_tower[11] 1280×960 100 39, 41 40 
Newspaper [10] 1024×768 100 4, 6 5 
PoznanStreet [12] 1920×1080 100 3, 5 4 
Kendo[10] 1024×768 100 5,3 4 
Lovebird1[10] 1024×768 100 6,8 7 
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Table 3. The percentage of  saved energy in different platforms(%). 

Table 4. The percentage of  saved energy in different networks(%). 
Bandwidth  
 (Mbps) 

Boo. Cha. New. Poz. Ken. Lov. Average 
n=4 � n=8� n=4� n=8� n=4� n=8� n=4� n=8� n=4� n=8� n=4� n=8� n=4� n=8�

2 0.19 2.52 10.06 14.07 0.00 1.3 30.05 39.95 0.00 0.76 0.15 3.28 6.74 10.31 
20 66.56 68.59 76.04 78.66 61.02 65.41 86.29 89.56 62.63 65.18 67.13 70.33 69.95 72.96 
40 80.74 82.06 86.72 88.29 77.00 79.98 92.67 94.47 78.11 79.82 81.11 83.18 82.76 84.63 
60 86.64 87.41 90.77 91.89 83.65 85.87 94.95 96.19 84.48 85.76 86.71 88.22 87.87 89.22 
80 89.51 90.28 92.91 93.77 87.53 89.07 96.13 97.07 87.96 88.97 89.73 90.92 90.63 91.68 
Average  64.73 66.17 71.3 73.34 61.84 64.33 80.02 83.45 62.64 64.10 65.00 67.19 67.58 69.76 

Table 5. Synthesis quality. 
 Boo. Cha. New. Poz. Ken. Lov. Average 

n=4�� n=8� n=4� n=8� n=4� n=8� n=4� n=8� n=4� n=8� n=4� n=8� n=4� n=8�
PSNR(dB) 0.002 0.007 -0.003 -0.004 0.002 0.004 0.000 0.001 0.003 0.005 0.000 0.002 0.001 0.003 

PDA is only 400MHz, which is much less than the other 
three devices, offloading partitions to cloud for view synthe-
sis could save more power. 
4.2. The saved energy in different networks
Different transmitting rates are used to investigate the im-
pact of different networks. Considering that the network 
bandwidth between the cloud and mobile device is 2.8Mbps 
for 3G and 100Mbps for 4G, we tested the bandwidth from 
2Mbps to 80 Mbps to cover more transmitting rates. The 
experiment is conducted on HP iPAQ PDA and the speed up 
of the cloud is 160. As shown in Table 4, for different 
bandwidths, an average of 67.58% (n=4) and 69.76% (n=8) 
total energy are saved for different sequences. For the band-
width of 2Mbps, since transmitting data consumes much 
time and power, partitions are rarely allocated to the cloud 
and the percentage of the saved energy is low. If the band-
width is high enough, most of the partitions will be allocated 
to the cloud, which contributes to extremely high percentage 
of saved energy. Moreover, the higher the transmitting rate 
of the network is, the more energy the mobile saved. 

4.3. Objective quality assessment
The performance of view synthesis with cloud offloading, is 
compared with that without offloading. 4-partition (n=4) and 
8-partition (n=8) cases are evaluated. As shown in the Table 
5, only 0.001dB (n=4) and 0.003dB (n=8) degradation in the 
synthesis quality is introduced, which is negligible to real 
applications and presents no influence on the visual quality. 
The slight quality degradation is mainly caused by the reduc-
tion in the pixel correlations around the partition boundaries. 
4.4. Subjective quality assessment 

Fig. 2 compares the subjective quality for Bookarrival and 
Champagne_tower in three cases, namely no partition, 4-
partition (n=4) and 8-partition (n=8) cases. As shown in Fig. 
2, no visual quality difference can be detected in the synthe-
sized views of all the three cases.  

5. CONCLUSIONS

In this paper, a dynamic offloading model is proposed to 
minimize the energy consumption of mobile devices by ex-
ploiting cloud computational resources for view synthesis. 
Simulation results based on parameters of real mobile devic-
es demonstrate that our method can save an average of 
42.59% (n=4) and 46.40% (n=8) total energy on different 
mobile devices and an average of 69.58% (n=4) and 69.76% 
(n=8) total energy under different transmitting rates than the 
existing algorithms for view synthesis. Moreover, both the 
subjective and objective quality of the synthesized view are 
not degraded, which is very beneficial to fast view synthesis 
on mobile device.  
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Device Boo. Cha. New. Poz. Ken. Lov. Average 
n=4 � n=8� n=4� n=8� n=4� n=8� n=4� n=8� n=4� n=8� n=4� n=8� n=4� n=8�

HP iPAQ PDA 86.64 87.41 90.77 91.89 83.65 85.87 94.95 96.19 84.48 85.76 86.71 88.22 87.87 89.22 
Samsung S6 27.74 30.44 41.62 46.12 21.00 26.26 61.36 69.11 22.87 25.97 28.48 32.86 33.85 38.46 
IPhone 6S 14.01 16.48 27.21 31.76 8.03 12.78 48.31 57.46 9.66 12.41 14.69 18.74 20.32 24.93 
HTC 10 22.08 24.71 35.85 40.42 15.58 20.64 56.36 64.74 17.37 20.36 22.80 27.10 28.34 33.00 
Average  37.62 39.76 48.86 52.55 32.07 36.39 65.25 71.88 33.60 36.13 38.17 41.73 42.59 46.40 

            (a) (b) (c) 

            (d) (e) (f) 
Fig. 2. A frame of synthesized view of Boo: (a) without partition; 
(b) 4 partitions (c)  8 partitions; A frame of synthesized view of 
Cha: (d) without partition; (e) 4 partitions (f)  8 partitions, 
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