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Scheme for Video Transmission over Wireless
Systems
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Abstract— The accelerated development of new technologies In this work, we propose a Cross-Layer algorithm which
in the wireless communication systems has strengthened theincludes both the application and the physical layers, @her

data transmission services. Consequently, the implemerttan  ha hyhrig MIMO scheme is used to transmit the two kinds

of algorithms to offer high quality services becomes neceasy. f bit-st . | . tant bit-st f
Therefore, in this work, we propose a Cross-Layer algorithm of bit-streams, 1.e. more or Iess Important bit-streams o

which implements cooperation between the application andhe Video. The strategy used is an improvement of the hybrid
physical layers. In the application layer, it considers a wieo MIMO scheme. If the most important bit-stream is identified

codification, which generates frames of type | and P. In the to be transmitted, the partial channel knowledge in the
physical layer, a hybrid Multiple Input Multiple Output (MI' MO)  yransmitter is used to choose the best subchannel. This

scheme with partial channel knowledge at the transmitter egloits - . .
spatial diversity gain. Simulation results show that the poposed subchannel is allocated to the Vertical Bell Laboratories

algorithm improves the performance of the system providing Layered Space-Time Architecture (VBLAST) layer of the

better video quality perceived by the end user. hybrid G2+1 MIMO scheme. This procedure results in a Bit
Keywords— Cross-layer, hybrid MIMO scheme, partial channel Error Rate (BER) performance improvement of the overall
knowledge, video transmission. scheme. The atractiveness of this proposal is that the dhybri

MIMO scheme is partially improved, in each intra period, and
it can be used in conversational applications which hava hig
|. INTRODUCTION delay requirements.

The video transmission in wireless communication systems! "€ remainder of this paper is organized as follows: In
is a big challenge that motivates the implementation §ection 11, it is given a basic background of MIMO system and

algorithms in order to improve the video quality perceived©™Me mechanism_used in this Work._ln section Ill, an ov_erview
by the end user. of video over wireless systems is presented. Section IV

In wireless communication systems, packet loss OCCngscribes the assumed system and channel models. In section

usually due to the propagation mechanisms of the wireles@ Proposal of the Cross-Layer algorithm is made. Section

channel, such as long and short term fadings, which degra}@eoresents perfor_m_ance res_ult_s and section VII concludes t
the quality of the received signal. paper by summarizing the findings.

In recent years, the transmission of video over wireless
communication systems and their integration with the hneer Il. BACKGROUND ONMIMO SYSTEMS
is a subject of major interest. This is employed in the
IP Multimedia Subsystem (IMS), which is a system of
services for next generation networks, and standardizetidoy
3rd. Generation Partnership Project (3GPP) [1].

The cooperation between the different layers (i.e.
Cross-Layer) that compose the stack of protocols in a végele
communication system is an alternative that can be used to
satisfy the demands for new services [2]. In the literature,
there are several works that propose this mechanism in order
to improve the quality of multimedia services, like video.

In the video processing, the scalability provided by the
video coding, as well as the ability of classifying theFig_ 1
information with priority, makes it possible to use Unequal
Error Protec'.uor_] (UEP). m_echan_lsms n Ord‘?r to Improve V'de.ol\/llMO is a system with multiple antennas for both the
data transmission. This is achieved by using the cooperatlv

. . S : ! ransmitter and the receiver. Fig. 1 shows the representati
interaction between the application and the physical &yer -
[3]-[7]. where N; represents the number of transmitting antennas,

N, the number of receiving antennas ahd represents the
Wireless Telecom Research Group (GTEL), Federal UniversitCeara gain Qf each channel between the receiveand transmltte.r
UFC, Brazil, E-mails: martin,walter,rodrigo@gtel.ufc.b t. This technology can reach high data rates and reliable
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The MIMO system.
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connections, without the need for extra power and bandwidtieceiver via a return channel. Thus, it is not necessarynd se

The kinds of gains that are achieved with this technology aa#l the channel information, just the subchannels’ order.

of multiplexing and diversity. These gains are also achdeve The partial channel knowledge specified here is considered

at the same time, with the use of hybrid MIMO schemes, bit the proposed Cross-Layer algorithm to improve the

there is a “trade-off” between the gains [8]. performance, when a more important bit-stream of video is

The diversity gain in MIMO schemes is due to the fact thattansmitted.

the reliability of a link can vary widely between the transier

and the receiver. The use of multiple antennas provides met€ petection algorithm

possibilities to achieve a reliable transmission, sinceeisd . . .
; . : The multiplexing of symbols on the MIMO transmission

replicas of the same signal are sent by independent paths. S

there is a high probability that, at least one path is not iepdesc emes presents the problem of interference and requires
fading [9] ' signal processing for their detection.

. . . . . - . For the signal reception of VBLAST and of the hybrid
For multiplexing gain, the bit-stream is divided into o . . .

. . . MIMO scheme G2+1, it is possible to use linear detection
smaller bit-streams, which are modulated and transmitte . . L
the symbols by layers. In this process, the linear weighti

0
done to meet a performance criterion, such as the Minimum

simultaneously and independently by the transmittin%‘
antennas. The VBLAST MIMO scheme is an example th ean Square Error (MMSE) or the Zero Force (ZF) criterion

exploits this property [10]. 12]
In this work, the hybrid MIMO scheme is used with threé '

. . : In the non-linear detection, the technique used is the
antennas at the transmitter and receiver. The configurafion . : .
?}uccesswe Interference Cancelation (SIC). In this case,

the transmitting hybrid MIMO scheme, the partial chann - ; .
, ; . e contribution of the symbols detected successively in

knowledge at the transmitter and the detection algorithedus, ) . : .
the received signal is removed from each layer. Assuming

in the receiver are explained below. correct decisions with respect to the transmitted symlibés,
signal remains free from interference of previously detdct
A. Hybrid MIMO Transceiver Sructure: G2+1 symbols, achieving diversity for the next layers and for the
This structure consists of three antennas arranged sabsequent symbols. This algorithm will present a degraalat
different parallel layers. The first two antennas form thi@ performance if a previous symbol is incorrectly detected
first layer of the hybrid MIMO scheme. Its configurationThis is due to its dependent architecture on previouslyotede
corresponds to an Orthogonal Space-Time Block Co@mbols. This problem can be alleviated as long as optimal
(OSTBC) known as Alamounti (G2) [9] and provides diversitgletection ordering of layers is made. When detection onderi
gain. The third antenna comprises the second layer aigdassumed, the first layer to be detected is that with the
provides multiplexing gain, which is achieved over the timehigher Signal-to-Noise Ratio (SNR). In this situation the

The transmission matrix of this scheme is given by: SIC approach turns into Ordered Successive Interference
Cancelation (OSIC).
s1 —85 In this work, the OSIC detection algorithm was
Sco1[Th, Ta] = | s2 s1 |, (1) implemented as in [12].
83 84
in this structure,K = 4 symbols are transmitted ifi, = 2 Il1. VIDEO OVER WIRELESS COMMUNICATION SYSTEMS
consecutive signaling intervals. Therefore, its effectipectral OVERVIEW
efficiency is given by: The growing demand for multimedia services has made
video one of the key parts in the wireless services
n = (K/Ts) -logs(u), (2) development.

Each application of video has its own constraints, as

where 1 is considered the cardinality of the modulation . . :
scheme. For the G2+1 scheme used in this work, the eﬁectgeesented in Table 1 [7]. Therefore, strategies are neeled |

- o . . & processing of video, in its compression, transmissiah a
spectral efficiency considering 8-Phase Shift Keying (8PS eC(F))ding progess to ensure qualit?/ for video servicesngiv
modulation is 6 bps/Hz. '

the limited resources imposed by the wireless communieatio
systems.
B. Partial channel knowledge at the transmitter The most important video applications considered in
In the hybrid MIMO scheme, the performance of tha&vireless communication systems are explained below:
multiplexing layers is the limiting part in this scheme, « Download and play: this application performs the
which transmits the symbols without any protection. Angenn  compression, transmission and decompression of data
selection algorithms can be used to eliminate this problem a separately. The video sequences are compressed and
in [11]. stored on a server before being transmitted. The receiver
In [11], the authors propose a scheme to antenna allocation makes a requisition to download some content of video.
for hybrid MIMO schemes. In this proposal, the best Nevertheless, it only plays if a full content of video has
subchannel is estimated at the receiver, based on the power been downloaded, free of errors. Multimedia Messaging
received in each subchannel. This information is sent by the Service (MMS) is an example of this kind of application.
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TABLE |

SOME CHARACTERISTICS OF TYPICAL WIRELESS VIDEO APPLICATIOS.

Vi deo application

| Max. delay | CSI Available | Encoding ]

Downl oad- and- pl ay n. a. - O fline
On-demand strean ng >1 sec Partly Ofline
Li ve stream ng > 200 s Partly Ol i ne
Mul ti cast >1 sec Limted Bot h
Br oadcast > 2 sec No Bot h
Conf er enci ng <250 nB Limted Online
Tel ephony <200 s Partly Ol ine
= W Video
| 1E 3 codification
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sequence N U ) M
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=__8a D
k Ny : || o o H
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I I T N
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Fig. 2. The simulator system.

« Streaming: in such application, precoded video units aneost important video coding standards. The H.264 Advance
stored on a server, which can be played, during i¥ideo Coding (AVC) is also considered, using the baseline
download, without requiring that all video content berofile.
received. In this kind of application, the video on demand
is considered.

« Conversational: in its implementation the goal is to

minimize the delay inserted in the compression, buffering . . .
. ~ In this section, we present the implemented framework
and decompression process. Therefore, due to #ts

o T o . 10r video transmission over wireless system and the assumed
characteristics, it limited the application of compressio
: channel model .
algorithms and control of errors. . . .
Fig. 2 shows the system implemented for the evaluation of
One way to combat the variability of the wireless channel iQross-Layer algorithms that involve the application and th
the video transmission is the use of error control techriguehysical layers.
some of which are included in the video coding standards,The application layer is composed of the video coding
and other ones in the systems that provide this kind ghd packetization process. This was set up according to
services. These techniques can include: the error resdien13] and [14]. The physical layer is composed of the
error concealment, forward error correction, power and datyclic Redundancy Check (CRC)-24, the Turbo coder, the
rate control. modulation and MIMO schemes. Also, an objective method
For video conversation in Third Generation (3G) mobiléo evaluate the video quality was implemented based on the
devices, for example, the H.263 and MPEG-4 visual are tiReak Signal-to-Noise Ratio (PSNR) [15].

IV. SYSTEM AND CHANNEL MODEL
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A. Channel model Physical Layer
We consider wireless transceivers equipped with « If the bit-stream is of type inter-prediction, Iits
transmitting antennas anl,. receiving antennas as in [11]. multiplexing is realized in the default MIMO scheme

The wireless channel is assumed to have rich-scattering and (G2+1);

flat-fading, and signals are assumed to be transmittedghrou  If the bit-stream is of type intra-prediction, the partial

a random channel matrild of size N, x N; whose entries are channel knowledge is required;

independent circularly symmetric complex Gaussian randome The most powerful subchannel is assigned to the
variables. A quasi-static block fading model is assumedrashe ~ VBLAST layer of the MIMO scheme G2+1;

H is constant during the transmissionBf symbols. In each ¢ The bit-stream of type intra-prediction is multiplexed and

block we can represent the received signal as in [12]: transmitted.
In the application layer, during the video codification
vy=,/2HS+ N, (3) Process, frames of type | and P are generated, whereas the
Ny insertion of frames of type | is defined by an intra period.

whereY € CN-<T: is the received signal matris, € CNexT This is done, because the frames of type | contain a higher

is the transmitted signal matril € CV-*N¢ is the channel qua.ntity of bits than the frgmgs of typg P,. ie. iF wquld need
matrix, p is the average signal to noise ratio, aNde CN-xT: @ high data rate of_ transmission, and its insertion is used to
is the additive noise matrix with ii.d. complex GaussiafMoOth the spreading of errors in case of packet loss.
entries, each one with unit variance. The packet loss is provoked by the presence of errors
inserted during the transmission, due to channel variation
V. PROPOSEDCROSSLAYER ALGORITHM in the wireless systems. In the application layer, a smooth
. . strategy is used, which is known as error resilience [1].
The cooperation between the different layers that COMposq, the physical layer, it is used a strategy which consists of

the stack of protocols in a communication system, OP{fp 1 certain types of bit-streams that will be transmitted
Systems Interconnection (OSI) [16], allows to build SChﬁm%or the transmission of the bit-streams it is found thathH t

for specific needs in the telecommunication services. 18 thii_ctreams correspond to the frame of type P, the MIMO
proposal, the_ cooperation_ is realized between thg apmmatscheme G2+1 by default is used for its transmission. If the
and the physical layers. Fig. 3 shows one interaction f@®w ;i sireams to be transmitted correspond to type | framem,th
by this algorithm. the partial channel knowledge is required and the powerful
subchannel to the VBLAST layer is allocated, which is
the unprotected layer in the hybrid MIMO scheme G2+1.
Therefore, the performance improves with respect to the BER
as it is shown in [11].

The bit-streams of type | are more protected, because an
error free reception is necessary and they can be used tor err
resilience. The bit-streams that compose the type P frames d

not require high protection, because the type P frames can be
channel knowledge predicted from past type | or P frames correctly received.

Intra_period
Encoded video

Allocation of the most powerful
subchannel to VBLAST layer VI. SIMULATION RESULTS
in G2+1 scheme

In this section, the performance of the proposed Cross+_aye
algorithm is evaluated by using Monte Carlo simulation. The
objective metric used in the evaluation of video qualityhie t
PSNR, which is given by the expression:

Multiplexing
bitstream type |

/
Multiplexing
bitstream type P

ransmit bitstrea

L2
PSNR = 101og10 M—S’E” (4)

Fig. 3. Flowchart of the Cross-Layer algorithm. where L is the dynamic range of allowable image pixel
intensities. This metric is function of the Mean Square Erro
The specification of the Cross-Layer algorithm is as f0||DW§|\/|SE)' and it is expressed in a logarithmic scale [15].

Application Layer The video coder used was the H.264/AVC baseline profile

« In the codification of video, frames of type | and P arérom [17]. The video encoded bit rate is 64kbps, the frame
generated; rate is of 15 fps, with intra period of nineteen.

« The insertion of frames type | is defined by an intra The video sequences used in the simulation were:
period; “Foreman”, “Carphone”, “Akiyo” and “Coastguard” from [18]

« Inthe process of video codification, the type of bit-streafBach video sequence consists of 240 frames, Quarter Common
that composes each frame is identified, i.e. bit-stream loftermediate Format (QCIF) of siz&76 x 144 pixels per
type intra-prediction for frame of type | and bit-streanframe with 4:2:0 sampling. It is commonly used in wireless
of type Inter-prediction for frames of type P. communication systems.
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(a) Foreman with CL (b) Coastguard with CL (c) Akiyo with CL (d) Carphone with CL

7N
N

(e) Foreman G2+1

Z\

- 4

(g) Akiyo G2+1 (h) Carphone G2+1

(i) Foreman VBLAST (j) Coastguard VBLAST (k) Akiyo VBLAST () Carphone VBLAST

Fig. 4. Subjective quality of the frame 141 in the video semes transmitted with SNR = 11dB, where frames of the videpegces reconstructed using
the algorithm Cross-Layer (CL) appear at the top and the éeamith the use of the G2+1 and VBLAST scheme are presentesivbespectively.

The VBLAST MIMO scheme was implemented in orde
to evaluate and compare with the performance of tt —6 Proposed Cross-Layer
proposed Cross-Layer algorithm. For this purpose, an eq! 34f | —B—G2+1
spectral efficiency of the MIMO scheme was considered. Tl —#— VBLAST
VBLAST scheme withl;=1 and a Quadri-Phase Shift Keying 32r
(QPSK) constelation. The G2+1 scheme with-2 and 8PSK
constelation. Thus, the spectral efficiency for these selsam
of 6bps/Hz withV; = 3.

301

In Fig. 4 it is shown, in subjective form, the improvemen
over the video quality obtained from the use of th
Cross-Layer algorithm. The distortion in the frame refleébts
effects of packet loss during its transmission. It also otfléhe
interdependencies that are made during the process of vit 25
encoding.

Average decoded PSNR
N
o

9 10 11 12 13 14 15
Fig. 5 shows that the proposed Cross-Layer scheme achie SNR [dB]

better performance as compared with the VBLAST scheme.

When Cross-Layer algorithm is compared with G2+1 MIM@ig. 5. Performance based on objective evaluation of quRIBNR of the
scheme, we can see that there is an improvement in the vid&®osed algorithm.
quality. This is due to the allocation of the best subchannel

over the VBLAST layer of G2+1 MIMO scheme and the

reliability enhancement of the bit-stream that composes th

frames of type |, which gives refresh or resynchronization t In this paper, we propose a Cross-Layer algorithm, which
the received video sequence. involves the application and the physical layers, where an

VII. CONCLUSIONS



UEP scheme over the bit-streams of video is used during thp8] YUV video sequences,
transmission. The strategy is to improve the performantie wi ~ access: 21, July 2009.
respect to the BER of the hybrid MIMO scheme used, when

a bit-stream of high importance has to be transmitted. This

improvement is achieved in the physical layer by using the

partial Channel State Information (CSI) at the transmitter

that the best subchannel is allocated to the VBLAST layer

of the hybrid MIMO scheme. Simulation results show that

the objective video quality is improved using this strategy

Therefore, the proposed algorithm is a possible scheme that

may be adopted for video transmission over wireless systems

As a perspective, we mention the use of a subjective method

for video quality evaluation.
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