
A NOVEL JSCC SCHEME FOR SCALABLE VIDEO TRANSMISSION OVER MIMO

SYSTEMS

Xinggong Zhang, Chao Zhou, Zongming Guo †

Institute of Computer Science & Technology
Peking University, Beijing, 100871, P.R. China

Email: {zhangxg, zhouchaoyf, guozongming}@pku.edu.cn

ABSTRACT

MIMO recently emerges as one of promising techniques for
wireless video streaming. It is still a challenge to provide
un-equal error protections by joint source-channel coding
(JSCC) over multiple diverse MIMO sub-channels. In this
paper, a joint source-channel coding and antenna mapping
scheme for scalable video transmission over MIMO systems
is proposed. Bandwidth are elaborately allocated between
video source and channel protections by layer extracting and
FEC coding. For the extracted layers, we determine i) which
antenna will they be transmitted over and ii) how much redun-
dancy bits will be added for error protections. We formulate
this scheme into a non-linear integer optimization problem,
whose complexity is very high. Instead, a low-complexity
branch-and-bound algorithm is presented. Source layers are
partitioned into subsets of layers, and the selected layer are
mapped to antennas using Min-max scheduling algorithm.
By branching and pruning, the computation complexity are
reduced significantly. We carry out extensive numerical ex-
periments under various network conditions. The results
demonstrate our algorithm’s efficiency and the overall trans-
mission quality is improved significantly.

1. INTRODUCTION

Recent years have seen a rapid growth of video commu-
nication over wireless networks. Multi-input multi-output
(MIMO) [1] systems, which have been investigated to simul-
taneously transmit multiple bits streams to achieve high data
rate, have emerged as one of the most prominent techniques.
By spatial multiplexing, MIMO channel can be decomposed
into series of independent sub-channels [2], which gener-
ally have various signal-to-noise ratio (SNR) strength and
bandwidth. It has attracted many research interests [3, 4]
on how to exploit channel diversity of MIMO to improve
quality-of-service (QoS) for wireless video transmission.
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There are mainly two challenges to provide un-equal error
protections (UEP) for video streaming over MIMO systems:

• How to do joint source-channel coding (JSCC) over
multiple MIMO sub-channels with various SNR? Since
each sub-channel has different capacities and bit error
rates (BER), it is a challenge to allocate source rate and
FEC redundancies over multiple sub-channels.

• How to map video layers to MIMO antennas (sub-
channels)? For diverse sub-channels and prioritized
video layers, a proper layer-antenna mapping can pro-
vide better resource provisions.

In many pioneering works, channel diversity of MIMO
have been exploited for wireless video streaming. Song and
Chen et al. [4] has proposed a SNR-based antenna map-
ping scheme to protect scalable H.264/SVC video layers un-
equally. They assign good sub-channels (with higher SNR) to
more important layers. But they did not consider channel pro-
tection with JSCC. On the other hand, there are also many lit-
eratures [3, 5] about UEP for scalable video streaming. They
consider a video with temporal-quality scalability and employ
a genetic algorithm (GA) [5] to allocate FEC redundancies
among layers. But they ignore the benefits of MIMO channel
diversities.

In this paper, we attempt to combine the advances of
JSCC and channel diversity together, and to provide unequal
error protections for scalable video transmission over MIMO
wireless networks. The source rate is adapted by selectively
extracting a suitable subset of video layers, i.e., dropping
some video layers in the source. Then, for the selected layers,
UEP is provided by adding different FEC redundancies and
being mapped to appropriate antennas. By finding the optimal
layer extracting, FEC coding and antenna mapping scheme,
the end-to-end distortion is minimized. We formulate this
scheme as an integer optimization problem, whose compu-
tation complexity is very higher. Instead, a low-complexity
branch-and-bound algorithm is proposed. The original prob-
lem is partitioned into some simple sub-problems by layer
extracting. While for each sub-problem, a min-max schedul-
ing scheme [6] is employed to obtain the optimal redundancy
allocation and antenna mapping. With the bounding and
pruning techniques, the computation complexity is greatly
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reduced. At last, the experimental results show that our pro-
posed algorithm is efficient, and the quality of reconstructed
video is improved significantly compared with the existing
schemes.

The paper is organized as follows: Section 2 formulates
the problem. In Section 3, we present a branch-and-bound
solution. Finally, we illustrate the simulation results in Sec-
tion 4 and conclude the paper in Section 5 respectively.

2. PROBLEM FORMULATION

Consider a N×N MIMO wireless system that both the trans-
mitter and receiver are equipped with N antennas. According
to the singular value decomposition (SVD) technique [2], this
MIMO channel can be decomposed into N sub-channels. As-
sume that the channel condition matrix is known perfectly at
the receiver end using ML or MMSE estimation methods [1],
thus the bit error ratio (BER) of sub-channels can be easily es-
timated using pilot symbols. We denote p = [p1, p2, ..., pN ]
as the BER vector, where pi denotes the i-th sub-channel’s
BER. We further assume that the bandwidth of sub-channels
is known perfectly at the transmitter, which is denoted as the
vector R = [R1, R2, ..., RN ].

Meanwhile, current H.264/SVC video coding standard
provides temporal, spatial, and SNR quality scalabilities. In
this paper, we only consider the scalability in temporal and
SNR quality dimensions. Assume that a video sequence is
encode into L layers, the additive quality and rate of each
layer is denoted with wl and rl respectively.

We now define a layer-antenna mapping matrix X as

XL×N =

⎛
⎜⎝
x1,1 . . . x1,N

...
. . .

...
xL,1· · ·xL,N

⎞
⎟⎠ (1)

where xl,n ∈ {0, 1}. Let xl,n = 1 if the l-th video layer
is transmitted over the n-th sub-channel, and xl,n = 0 oth-
erwise. Noting that for any video layer, it would be either
transmitted over only one certain sub-channel, or dropped at
the transmitter. On the other hand, multiple video layers can
be transmitted over the same sub-channel. For this multi-to-
one mapping problem, we have the following condition:

N∑
n=1

xl,n = {0, 1} 1 ≤ ∀l ≤ L (2)

Specially, if
∑N

n=1 xl,n = 0, it denotes that the l-th video
layer is dropped at the transmitter, and the source rate is re-
duced for allocating more bandwidth to channel protections.

Then we define p̂ as the BER vector after layer-antenna
mapping

[p̂]
T
= XpT (3)

and [·]T denote the transpose operation. p̂l ∈ p̂ denotes the
BER of the antenna which the l-th video layer are transmitted
over.

We denote the vector of channel coding (FEC) rate as C =
{cl}, where cl is the FEC rate of the l-th video layer. Assume
the block length is fixed at M , FEC error probability for the
l-th video layer, PFEC

l , is written as

PFEC
l (X,C) = 1−

M(1−cl)∑
k=0

(
M
k

)
(p̂l)

k (1− p̂l)
(M−k)

(4)
Now, considering the dependences among video layers,

the overall end-to-end transmission distortion can be written
as follows by applying the distortion model in [7]

D (X,C) =
∑
l≤L

wl(1−
∏
i≤l

(
1− PFEC

i (X,C)
)
) (5)

At last, we formulate our JSCC scheme as

{X∗,C∗} = argmin
{X,C}

D (X,C)

s.t.
∑
l≤L

rl
cl
xl,n ≤ Rn, 1 ≤ ∀n ≤ N

Equ.(5)

Equ.(4)

Equ.(2)

xl,n ∈ {0, 1} , 1 ≤ ∀l ≤ L, 1 ≤ ∀n ≤ N

(6)

The objective of this optimization problem is to minimize the
total distortion by video source adaptation, FEC rate alloca-
tion and antenna mapping. The first constraint corresponds to
the bandwidth constraint of each sub-channel, and the rest are
the constraints of antenna mapping . This is a non-linear inte-
ger optimization problem, it is well known that this problem
is NP-hard [8].

3. SOLUTION ALGORITHM

The above optimization problem can be solved using a ex-
haustive search method, which searches over the whole solu-
tion space with size MN (N+1)L, where M is the total num-
ber of FEC rates. In order to reduce the computational cost
and make it suitable for practical implementation, we propose
a heuristic low-complexity branch-and-bound algorithm.

3.1. Branching and pruning

Branch-and-bound is an iterative method for solving opti-
mization problems, especially for discrete and combinatorial
problems. A important component in the branch-and-bound
procedure, called branching, is to partition a problem into
subproblems. Here, we also employ it to partition the original
video source layers into mutually exclusive sub-sets of lay-
ers. Each branch, which is represented by a node, is a set of
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extracted layers for transmission. For one node, the bound of
distortion is obtained by antenna mapping and FEC coding.

We consider a scalable video source with quality-temporal
scalability such as in Fig. 1. The temporal scalability results
in a divergence from existing rate-distortion models, since the
quality metric by PSNR is not enough to present the quality
contribution of frame rates changes. Thus, we adopt a subject
quality model and rate model proposed by Yao [7] to weight
the quality contributions wl of video layers.

Frame Rate(t)

Quantization(q)

t1 t2 tmax

q1

q2

qmax

…
…

…

… … …………

…

…

…

Fig. 1. Branch-tree for quality-temporal scalable video.

Considering the dependence among video layers as in Fig.
1, the branching is implemented to extract the sub-sets of lay-
ers for transmission. Starting from the layer with the maxi-
mal frame rate index tmax and quantization-step index qmax,
we iterate every combination of quantization steps-size q and
frame rate t. For a node with index (t, q), it includes all (i, j)-
th video layer where 1 ≤ ∀i ≤ t, 1 ≤ ∀j ≤ q. And it has two
child nodes, (t−1, q) and (t, q−1). Then we obtain a branch-
and-bound tree, and each node denotes a sub-set of extracted
layers.

To reduce the search space, pruning is implemented. For
a node with index (t, q), we use a heuristic method as in Sec-
tion 3.2 to find a feasible solution. If founded, the solution is
considered as the upper-bound of the node, and it is no need
to be branched any more. Otherwise, this node is branched
to two child nodes (t − 1, q) and (t, q − 1). The procedures
are repeated recursively until there is no more nodes to be
branched. The node with the least upper-bound is the optimal
solution.

3.2. Upper-bounding

For a node in the branch-and-bound tree, the subset of extract
layers for transmission is determined. We use a heuristic al-
gorithm to map the layers to appropriate sub-channels, and
obtain the end-to-end transmission distortion by Equ. (5).

Assume that FEC coding can achieve the theory upper-
bound of Shannon limits, we are able to treat the n-th lossy
sub-channel as a lossless channel with the effective band-
width:

Rn = Rn ∗ (1− pn) (7)

By this approximation, the antenna mapping problem is con-
verted to a knapsack loading problems: there are total L

layers and N channels, each layer has different quality weight
wl and rates rl. The problem is how to put the layers into the
channels so that the sum of weight for the layers in the chan-
nels is maximized.

{X∗} = argmin
{X}

∑
l≤L

wl

∑
n≤N

xl,n

s.t.∑
l≤L

rlxl,n ≤ Rn, ∀1 ≤ n ≤ N

N∑
n=1

xl,n ≤ 1, ∀1 ≤ l ≤ L

xl,n ∈ {0, 1} , ∀1 ≤ l ≤ L, 1 ≤ n ≤ N

(8)

This is an integer combinational optimization problem,
whose search space is (N + 1)L. To reduce the computa-
tion complexity further more, a classical min-max scheduling
scheme[6] is employed. We first sort all layers in a descen-
dent order of rates, then select the channel with maximal free
bandwidth, and put the layers into channels one by one. If all
video layers can be put into sub-channels under the bandwidth
constraint as in Equ. (8), it is a feasible solution. Otherwise it
is not a feasible solution and will be branched.

From the above analysis we can see that the deleted nodes
are either unfeasible solutions or non-optimal solutions. Then
in the rest feasible solutions, we can find a sub-optimal solu-
tion by Equ. (6).

4. EXPERIMENTAL RESULTS

In this section, we present illustrative simulation results to
shows both the effectiveness and efficiency of our proposed
scheme. The video sequences, akiyo, city, crew, and football,
are selected for testing for their different characteristic mo-
tion and spatial details. All test sequences are encoded using
JSVM-9.12 [9] to generate embedded scalable video streams
with 25 layers (5 quantization steps and 5 frame rates), and
transmitted over a 4× 4 MIMO system.

First, we demonstrate the computation complexity of our
proposed branch-and-bound algorithm and the exhaustive
search method (ESM). Under the same network conditions
(channels’ bandwidth is 400kbps and BER is 20%), ESM and
the proposed are both implemented to find the optimal solu-
tion of Equ. (6). The number of iterations are presented in
Table 4. ESM searches all solution space, but with awesome
complexity. While by branching and pruning techniques,
our proposed algorithm find the solutions with much lower
complexity.

We also compare the three JSCC schemes in video trans-
mission over MIMO: random antenna selection (RAS), SNR-
based mapping, and our proposed algorithm. RAS maps
video layers to antennas randomly, while SNR-based method
assigns good channels to important layers. And both of them
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Table 1. Number of iterations
Exhaustive Search Branch-and-bound

akiyo 425 100
city 425 132
crew 425 160

football 425 160

do JSCC respectively by the resources provided by antenna
mapping. The mean subject quality score (MSS) of recon-
structed video is illustrated in Fig. 2. First, we compare the
three schemes fort various video sequences under the same
network conditions. The total bandwidth of MIMO is set to
400kbps and average BER is 20%. As showed in Fig. 2 (b),
the proposed algorithm always outperforms other methods
for all sequences. It is also noted that the sequence Akiyo
achieves the best quality for all schemes. Since the source
needs the least bit rates under the same distortion, it is true
that akiyo has better protections compared with others. We
also compared the three schemes under various MIMO chan-
nel conditions for akiyo . As showed in Fig. 2 (b), the quality
of our proposed algorithm keeps stable, while for the other
two methods, the quality is dropped with increased BER.
The proposed method is able to resists channel errors until
the BER is lager than its tolerances. Then it would find a
new optimal antenna mapping and do JSCC under the new
channel conditions. But for RAS and SNR-based method,
the scheme of antenna mapping remains unchanged and the
increased BER deteriorate the protections of JSCC.

5. CONCLUSION

In this paper, we have investigated the problem of joint
source-channel coding and antenna selection for scalable
video transmission over MIMO wireless networks, and a
novel JSCC scheme is proposed. In this scheme, the source
rate is control by selectively transmitting, i.e., dropping part
of video layers in the source. Then, for the selected layers, we
find the optimal solution that which antenna will the layers
are transmitted over and how much redundancy bits should be
added in the channel. This optimal problem is an integer op-
timization problem, and a low-complexity branch-and-bound
algorithm is proposed to solve it. The experimental results
demonstrate our algorithm’s efficiency.
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