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A Cross-Layer Algorithm for Video Transmission
over Wireless Systems with Hybrid MIMO Structure
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Abstract—In this paper, we propose a feasible cross-layer the Open Systems Interconnection (OSI) model. The proposed

algorithm to improve video quality in wireless communications
systems. This algorithm encompasses both the applicatiomd the
physical layers. In the application layer, the classificatin of bits
is accomplished by the video encoder. In the physical layethe
spatial multiplexing and the diversity gains provided by multiple
input multiple output antenna systems with hybrid structure are
exploited. Besides that, channel knowledge at the transntér is
used for antenna selection to enhance the performance, whids
shown to improve the objective and subjective video qualityat

CL algorithm, encompasses the application and the physical
layers. In this algorithm, the application layer takes adage

of the video coding classifying the bit-streams by priority
depending on the frame type, | frame or P frame [6]. In
the physical layer, the classified bit-streams are arraoged

a Hybrid MIMO Structure (HMS) to achieve the UEP. A
HMS is a MIMO antenna structure that arrange in parallel
schemes of spatial diversity and multiplexing in one single

the end user. i )
structure. Furthermore, an Antenna Selection (AS) meshani

improves the performance selecting an appropriate sulfset o
the available antennas in MIMO systems. In this work, the
idea to use the AS mechanism on the transmitter side is that
|. INTRODUCTION streams with smaller diversity gains will be transmittedtiov

HE transmission of video over wireless communicatiof§€ antennas with best instantaneous link quality.
systems presents a great challenge concerning the videgh€ contribution of this work, in comparison with [4]
quality at the end user. In this medium, the transmittedd [5], consists in the concept of cooperation among layers

signals are subject to several propagation mechanismh, sli®- Cross-Layer). According to this concept, the clasdifi
as multi-path fading and shadowing, responsible for deggad blt-stre.afms are transmitted using .the UEP schemg over a HMS.
the quality of the received signals. At the same timdh addition, the AS mechanism is used to obtain robustness
the rapid development of multimedia packet based servic@éer the uncoded layers of the HMS. In [4] and [5] layered
over wireless systems has encouraged the search for néfgo coding (i.e., scalable coding) is considered, wiriléne
transmission schemes aiming at a higher spectral efficierffpPosed algorithm a non-scalable syntax is used. Another
[1], [2]. This can be achieved, on one hand, by developir@nt”b‘_m(?” of thg proposed CL algorithm is _related to the
low bit rate encoding algorithms. On the other hand, one cignsmission efficiency of each Group of Pictures (GOP)
focus on increasing the radio link reliability by the use ofi.e., a set of frames in the form IPPP...IPPP...) in the wide
antenna diversity. sequence. When the priority bit-streams end in a GOP the
Multiple-Input  Multiple-Output  (MIMO)  transceiver remaining bit-streams of less priority are transmitted rove
structures provide gains in spectral efficiency and rotesstn @ll layers of the HMS. Furthermore, in the proposed CL
by exploiting spatial multiplexing and spatial diversigofn &lgorithm, we consider a more realistic physical layer giesi
rich scattering in the radio link, respectively [3]. The use Which includes Cyclic Redundancy Check (CRC), multilevel
MIMO for wireless video transmission has been previous§fidital modulation and turbo coding, in comparison with. [5]

considered in several works. In [4], Diversity Embedded
Space-Time Codes (DESTC) are used to send multiple layers

of video simultaneously. The DESTC provide Unequal Error We consider wireless transceivers equipped withy

Protection (UEP) for different video layers, thereby deding transmit antennas and/,, receive antennas. The wireless

high video quality to users with good channel conditions] AMhannel is assumed to have rich scattering and flat fading.

provigl_ing an acceptable quality for users with poor channxlahe channel is quasi-static, i.e., the channel does notgehan
colndltlé)ns{h th d hvbrid MIMO t _significantly in a single block, but can vary from block to

n [5] € authors proposed a hybrid . ransmif ey 1n each block, we can represent the sampled received
structure to implement UEP for video delivery in a MIMOsignaI as in [7];
system. The goal of that work was to exploit the diversityngai '
to provide a better protection for the high priority data,ileh
transmitting the low priority data with spatial multiplexj to
achieve high data rates. . ) ,, ) ) i o

In this paper, we propose a Cross-Layer (CL) algorithri? which Y € CM=xT is the received signal matrig; is the

- MenT .
which is an optimization approach that encompasses lajerdlymber of signaling intervals§ € C*+*" is the transmitted
signal matrix,p is the average Signal-to-Noise Ratio (SNR)

at each receive antenr, ¢ CM~*M« js the random channel

Index Terms— cross-layer, hybrid MIMO structure, antenna
selection, unequal error protection, video transmission.

II. CHANNEL MODEL

P
Mtx

Y = ‘HS + N, 1)
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matrix, andIN € CM=*T is the additive noise matrix. The employ at least one OSTBC layer, we consider a receiver that
entries ofH andN are i.i.d. Zero Mean Circularly Symmetrictakes into account this simplicity. In fact, we adapt the IC

Complex Gaussian (ZMCSCG) considered. algorithm in such a way that the orthogonal structure of the
space-time code is preserved as much as possible in itstoutpu
I1l. HYBRID MIMO STRUCTURE (HMS) signal [9].

The use of MIMO systems is exploited mainly in two One particularly successful IC algorithm is called Suocgesi
ways. The former is related to the improved link reliabilitjnterference Cancellation (SIC) [7]. In the SIC, the MIMO
provided by the diversity gain from, for example, thaayers are detected sequentially. Initially, the receiseghal

Orthogonal Space-Time Block Code (OSTBC) structure_X goes through a linear detector for the layer 1, whose outpl_Jt
In such structures, the same information symbol stream 'fsUS€d t0 produce a hard estimate of the symbols at this
transmitted from different transmit antennas in an appater Igyer, S-l. Thgn, the contribution of the layer _1 to the rgcelved
manner creating redundancy. The second way refers gnal is estimated and cancelled, generating the siyhal
increasing the link spectrum efficiency by means of spatia'€ Process is then repeated. In general, at-delayer, the
multiplexing gain. Such gain can be obtained from, fopignal Y;, hopefully free fro_m the interference (_)f the Ia_y_ers,
example, Vertical Bell Laboratories Layered Space-Time """ »%—1,goes through alinear detector that tries to mitigate
Architecture (VBLAST) structures, in which different synip the interference from the layegs> i. A hard estimate of the
streams are simultaneously transmitted from all the transryMPol at this layerS;, is then produced, based on the output
antennas in the same time and frequency [8]. Another Wangthl_s Imer_:\r detec_tor. T_hen, the contribution of thl_s lagcethe
exploit the MIMO systems is to use the HMS that arises 4§C€ived signaly; is estimated and cancelled. This procedure
a solution to the problem of achieve spatial multiplexingl aryi€lds for a given time instant a modified received signal
diversity gains simultaneously. given by

In general, the transmission process of a HMS can be Yi[t] =Y — Si[t|H; 1], 3)
divided into layers, somewhat like in VBLAST. However,
in contrast to VBLAST, in the HMS, a layer may consistn which H; corresponds to the first-th columns of
of a stream of symbols at the output of an OSTBGhe channel matrixt, corresponding to the channel gains
transmitted by a group of antennas; or an uncoded streassociated to layei. S;[t|H;[t] represents the estimated
of symbols multiplexed in time, which is transmitted froninterference from thei-th layer. The result is thal;,[t]
a single antenna. Based on this concept of layers, the HN&Sfree from the interference that comes from the layers
combines pure diversity schemes (e.g., OSTBC) with pute...,i. This signal is then fed into the linear detector for
spatial multiplexing schemes (e.g., VBLAST) [9]. The gealerthe (i + 1)-th layer. This technique is also known as nulling

transmission matrix of the HMS can be given by and canceling algorithm [10]. This procedure eliminates th
-~ _ interference among different layers. For a given layer that
SosTBC, transmits its symbols following an OSTBC, followed by the

nulling procedure, it is necessary to employ the classical
OSTBC detector using a spatial matched filter [10].

The performance of the SIC can be improved if the layers
are detected in an appropriate order, resulting in Ordered
Successive Interference Cancellation (OSIC) [7].

SosTBC; @)

SuMms =
SVBLAST; 1

SvBLAST;

in which SposTc, represents a sub-matrix for layer
transmitting its symbols using an OSTBC structure, and
SvBLasT; represents a sub-matrix for laygrtransmitting

its symbols using a VBLAST structure. It follows that- j < In the proposed CL algorithm, we consider the application
M. layer, in which a video encoder is used, and the physical|aye
With this idea, the HMS achieves a compromise betwegh which the HMS is exploited as a mechanism of bit-stream
spatial multiplexing and transmit diversity gains throutje trznsmission.
combination of OSTBC and VBLAST layers in a parallel The nhybrid video encoder operates sequentially, frame by
fashion. frame, generating | and P frames, in this case. The P frames
achieve compression, by reducing temporal redundancy, and
IV. HYBRID MIMO RECEIVER the | frames achieve compression, by reducing the spatial
Since HMSs combines OSTBC and VBLAST layers igorrelation among neighboring pixels in the same frame.
parallel, the spatially-multiplexed MIMO layers see eachihe insertion of | frames is considered as a technique to
other as interference. Thus, Interference Cancellati@) (lavoid temporal error propagation. The | frame introduces a
algorithms, similar to those employed in VBLAST, ardrade-off between latency and quality degradation becatise
mandatory in the receiver [9]. its relatively large size, in comparison to P frames [11].
For the OSTBC, the maximume-likelihood detection involves Without loss of generality, a particular HMS structure that
just simple linear operations in the receiver. Once all HMS®nsists of M, =3 organized into two layers is considered. The

V. PROPOSEDCROSSLAYER ALGORITHM FOR REAL
TIME VIDEO TRANSMISSION
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Fig. 1. Architecture of the Cross-Layer algorithm.

transmission matrix of HMS is given by In the application layer block, the video coding process in
5 g non-scalable syntax mode is used, where GOPs are composed
SostBC, bt 2t of | and P frames bit-streams. At this layer, the frames oéwid
S = = 5271 51 1 y (4) . . e . . .
SvBLAST, ' are classified and identified during the packetization @mece

532 542 for their transmission in the physical layer.

in which sy ; represents a given symbbltransmitted by layer  In the physical layer block, the bit-streams of video are
J, and= denotes the complex conjugate. The first layer (i.eallocated in the HMS layers according to their priority. hist
MIMO Layer 1) is composed of an Alamouti OSTBC [12],way, the diversity layer (i.e., MIMO Layer 1) is used for |
while the second layer (i.e., MIMO Layer 2) is composeftames, which have high priority, while the P frames have
of one antenna. Consequently, the considered HMS transniss priority and are transmitted in the multiplexing lagies.,
K = 4 information symbols (i.e.s11;s21;532 and s42) MIMO Layer 2). Considering the size in bits of packets of |
duringT" = 2 signaling intervals, so that the effective spectraind P frames per GOP, both layers of the HMS are used for
efficiency of this structure is given by = (K/T) - log, (1), transmit the remaining bits of the P frames in each GOP. The
in which 1 is considered the cardinality of the modulatiom\S is used to obtain link reliability over the uncoded layers
scheme. From Equation (2), the application of the HMS for @e., MIMO Layer 2, in this case).
higher number of antennas is straightforward.

The AS is performed selecting the sub-channel with highest VI. RESULTS
SNR to the MIMO Layer 2. This is due to the lower protection |, order to illustrate the performance of the proposed

against the channel fading at this layer, as compared 10 e jthm, the video coder H.264/AVC is employed in the
MIMO Layer 1. This can be performed using some form ofyjication layer. The Quarter CIF (QCIF) video sequences
limited feedback from the receiver, as pointed out in [9]. Ar‘hkiyo” and “Grandma’”, with slow motion, and “Carphone”
interesting point is that it is not necessary for the tra®ni onq"«Foreman”, with median motion, are used and classified
to know all the Channel State Information (CSI), but just thgs i [13]. The video sequences are coded at 15 fps with
order of the more powerful links. We denote this approach ftra-period 19, in which each video sequences consists of

partial CSI. . _ . 240 frames. The bit rate of video encoding is 64 kbps. At
The proposgd CL algorithm can be summarized in th&e \ideo decoder, the error concealment technique based on
following steps: a frame copy is configured. The packet size is assumed to be

1) Encode video frames using | and P frames, considerigg 250 bytes.
the insertion of an | frame during a certain period (i.e., In the physical layer, a CRC-24 and a 320 bit-interleaved

intra-period); turbo code at a coding rate of 1/3 are considered. Different
2) Classify the video encoded bit-streams as either | orrRatches of the bit-streams are implemented keeping a fixed

frame bit-stream type; spectral efficiency of 6 bps/Hz over each MIMO structure.
3) Obtain partial CSI of the channel matrBl, so as t0 \We considerM, = 3 and M,x = 3 antennas in the HMS

perform AS; described in Equation (4) with 8-Phase Shift Keying (8PSK)

4) Allocate the | frame bit-stream into the MIMO Layer Imodulation. For performance comparison we also consider, t
and the P frame bit-streams into the MIMO Layer 2; pure OSTBC H3 with 256 Quadrature Amplitude Modulation
5) Ifan | frame bit-stream is transmitted from a GOP, thep56QAM) as proposed in [10]. On the receiver side, for
allocate the remaining P frame bit-streams of the GOfgtection of the signals in the HMS, an OSIC algorithm is
into both MIMO layers; used as in [9].
6) Do the same steps for the remaining GOPs. If we analyze the video encoding process per GOP, it is
Figure 1 shows the architecture of the proposed Gitomposed of one | frame, and the remaining ones are P frames.
algorithm considering the HMS described in Equation (4Yhen, the data rate of all P frames bit-streams in each GOP



JOURNAL OF COMMUNICATION AND INFORMATION SYSTEMS, VOL. 0, ID. 0, 2011 4

TABLE |

is more than two times higher than the | fram it-stream
S more than two times higher than the ames bit-stream, SUBJECTIVEPERFORMANCE(SNR = 12dB)

on average for encoding in baseline profile to data rate of 64
kbps. For this reason, if the | frame bit-stream of the GOP h&5e, Sequencel] Proposed CL algorithn] H3-256QAM | HMS non-CL
been transmitted, then the P frame bit-streams are asstgnei— 556 279 358 237

both layers, in order to speed up the transmission (i.e., tie Carphone

_ _ 2.53 2.33 2.13
fifth step of the proposed CL algorithm). Foreman 526 50 160
In the evaluation of the video transmission, the bit-strea Grandma 30 316 538

are grouped into packets, which can be lost during the vasel
transmission depending on the Packet Error Rate (PER),

according to the Bit Error Rate (BER) performance of thgsgched with the | frame bit-streams.
MIMO structures, assuming independent bit errors insidd ea
packet.

Figure 2 shows the BER performance of the HMS wit
and without AS. We can observe that the HMS with A
outperforms the BER of the HMS without AS in almost al
SNRs. This is due to the allocation of the antennas with be
instantaneous link quality to the uncode layer (i.e., MIM(
Layer 2, in this case). The HMS with AS shows better BEI
performance in comparison with the H3 structure from a SN
of 0 to 11 dB, due to the high modulation used to reach eqt
spectral efficiency. The improvement of the AS in the BEI
performance is more evident for low SNR regime, since |
high SNR the uncoded layer is capable to achieve a satigfat "
performance. For SNRs from 12 to 15 dB, the H3 structure 10 1 12 13 14 15
superior, because of the higher diversity gain offered by ko SNR [dB]
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[3]- Fig. 3. PSNR Performance of the proposed CL algorithm.

The comparison of the proposed CL algorithm with the
OSTBC H3 is interesting, since the H3 structure uses 4
signaling intervals, while the proposed algorithm useg énl
signaling intervals, in which a constant channel is corrside
This, together with the better performance of the CL aldponit
in low SNRs, suggest a superior performance of the proposed
method in more harsh wireless environments.

Table | presents the results of a subjective video quality
evaluation that involved 20 observers. The presented sideo
, for assessment consisted in the original video sequenee, th
§H3_256QAM transmitted video sequences using the proposed CL algurith

Bit Error Rate (BER)

HMS with AS the OSTBC H3 and the HMS non-CL. It follows an assessment
HMS without AS

-8

10 !

L method from [14]. The web page used for this subjective
0t 23t s 0 ey C B 15 assessment can be found in [15].
In Table I, we can observe that the proposed CL algorithm
Fig. 2. BER Performance of the MIMO structures. obtains better subjective video quality when video seqegnc
of median motion, as “Carphone” and “Foreman”, are
transmitted. It is due, to the lower interdependency crkate

In Figure 3, it is shown that the proposed CL algorithm

in comparison with the OSTBC H3, achieves a better Peggrlngthe video encoding process in comparison with the slo

Signal-to-Noise Ratio (PSNR) performance for low SNRs,(i.emOtlon video sequences as "Akiyo" and "Grandma.

below 12 dB). For higher SNRs, the OSTBC H3 structure

presents better PSNR performance because of its diversity VII. CONCLUSION

property, but with a more complex constellation to maintain The proposed Cross-Layer (CL) algorithm exploits Unequal
an equal efficiency spectral of 6 bps/Hz. We can also obseizgor Protection (UEP), while the spectral efficiency of the
a superior performance of the CL algorithm, in comparisaiadio link and its reliability are increased by employing th
with the HMS non-CL and UEP over MIMO of [5]. This is Hybrid MIMO Structure (HMS) and Antenna Selection (AS).
due to the loss of bit-streams that, depending on their typehe method results in a superior objective and subjective
can result in a high PSNR degradation, because of the higbdeo quality to the end user in scenarios where the wireless
interdependency between themselves in their video codiegvironment is harsh or the video sequences are challenging
process (i.e., P frames) or the loss of the refresh propefty wireless transmission.
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