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A Network Coding Algorithm for Sense

Awareness of Internet of Things

YOUWEI SHAO!

Abstract. In order to improve the quality of video transmission in heterogeneous net-
work and take full account of the loss of data transmission caused by channel instability, a joint
source-channel coding method of heterogeneous network video based on the lattice quantization
is proposed. Firstly, a multiple-description independent parallel channel transmission framework
for Gaussian video source transmission is established by using the signal-source parallel channel
transmission scheme of multiple description joint source-channel coding. Secondly, the lattice-scale
quantization method is used to reduce the simulation mapping bandwidth with or without SI de-
coder to improve performance of heterogeneous network video transmission through the bandwidth
extension. Finally, the effectiveness of the proposed method is verified by comparative test in the
code redundancy, code rate, peak signal to noise ratio, end-to-end video frame delay and effective
loss rate indicator.

Key words. Scale quantization, Heterogeneous networks, Joint source, Channel coding,
Energy consumption.

1. Introduction

In recent years, video transmission (such as live broadcasting of online game,
video conference, live sports, etc.) based on mobile technologies has become a pop-
ular streaming media application, and video transmission traffic also shows rapid
growth [1]. Video traffic in 2012 accounted for about 58% of the total traffic, and
it will reach about 70% in 2017. From 2012 to 2017, total mobile traffic will be
about 14 times. At the end of 2015, the total traffic of super-definition video trans-
mission has exceeded that of the high-definition video transmission [2]. Therefore,
how to ensure the reliability of the super-definition video data transmission under
the existing network is a major challenge for service providers.lthough the current
network infrastructure construction has provided users with different Internet access
methods (such as WIMAX, W LAN and cellular networks), the data transmission
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capability of the network in a single form is still limited and cannot provide satis-
factory mobile video transmission performance [3]. The main problems in WLAN
networks are limited bandwidth and small coverage, so it cannot meet the demands
of a large number of mobile users in mobile video services. WiMAX network can pro-
vide relatively wider coverage and higher peak rate, but it cannot meet the demand
for real-time high-throughput multimedia when the user share is large. The limited
performance of a single network makes the integration of heterogeneous network
bandwidth get more attention of scholars, and there have been many research re-
sults. The main research topics of the classic joint source-channel coding [4] (JSCC)
are the rate optimization of channel coding and source, the error correction coding
of video data and the channel state. Specific work includes: (1) optimization of the
ratio of coding channel to source coding, as described in the literature [5-6]; (2) how
to adjust the code rate to realize the desired transmission target in case that the
channel parameters and state, as described in the literature [7]; (3) reliability im-
provement of channel coding, such as fountain code, Turbo, LDPC, Reed-Solomon,
etc. [8-10]. (4) Joint coding optimization algorithm design is combined with trans-
mission control, error concealment, error control and other methods to improve the
system performance, as described in the literature [11]; literature [12] studies the
optimization of the coding rate under bandwidth limitation and the video end-to-
end distortion can be minimized. Literature [13] studies the JSCC scheme of video
transmission in layered heterogeneous devices to maximize the mean value of video
transmission quality.

However, the above algorithm utilizes the error control method, without con-
sidering the fault of the channel itself, which easily results in the weakening of the
video transmission quality of the transmitted data and affect the user experience
and the video service quality. In this regard, this paper focuses on heterogeneous
network video transmission to study the multiple description joint source-channel
coding method with the aid of the lattice quantization conversion in the decoder to
obtain low distortion and low delay video transmission scheme.

2. Problem model description

Fig.1 shows the parallel channel transmission scheme of signal-source heteroge-
neous network based on the multiple description joint source-channel coding (MD-
JSCC).

In the figure, each data block s™ € R™ of n source symbol is coded into two
codewords 27" (s™) € X171, 2" (s") € X7 in which §; refers to bandwidth ratio,
such as ratio of channel symbol to source symbol, y; represents some limited alphabet

sets are transmitted through two independent noisy channels. The decoder 1, 2, 0

receive ylﬁln,ygz" and (yf’”7y52”) and use distortion D;,i = 0,1,2 to reconstruct

s™, namely:

1 n
d;(s",57) *Z (8k,8k) < D; . (1)
h—1

3
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Fig. 1. MD-JSCC parallel transmission scheme

Where, d;: R x R — [0,00) are some distortion measures. (Dy, D) and Dy are
respectively called side distortion and center distortion. When side information W™
is available in the decoder, these additional information can be combined with the
side information to reduce the corresponding distortion.

If there is no noise in the channel, the above problem is degraded to a Multiple
Description Source Coding (MD-SC) issue. In this case, (2"31,2"32, n) the coding
consists of the following:

(1) Two encoders, of which encoder 1 assigns an index m; (s") € [1 : 2"1) to
each source sequence and encoder 2 assigns an index mg (s) € [1 : 2"F2) to each
source sequence;

(2) Three decoders, where the decoder ¢ = 1,2 observes and receives the index
m; and side information w™ and evaluates 3. Decoder 0 evaluates 53 after receiving
index pair (m1, mg) and side information w™.

If there is a (2”R1 ,onftz n) sequence encoding which satisfies the following con-
ditions:

limsup E (d; (s™,8})) < D;,i =0,1,2. (2)
n—oo

The rate-distortion quintuple (Ry, Ra, Do, D1, D2) will be achievable. The
rate-distortion regionR (Dg, D1, D2) of the MD-SC problem is a closure set of rate to
(R1, R2). The presence or absence of side information (SI) in this region is unknown
in advance. The exception is the quadratic Gauss MD-SC case, the Gaussian source
and quadratic distortion function:

d(s",8") = L zn: (56— 81)". 3)
n

k=1

Consider traversing parallel channels (e.g. AWGN channels) and SI-free decoder,
as shown in Fig.1. Under this assumption, a set of achievable distortion sets I' can
be given using a closed set:

F:(Do,Dl,Dg)GRi_ : (4)
R (Do, D1, D) N R (C1,Cs) £ 0.

In the formula (4), R(Ol702) = {(Rl,Rg) R <C1, Ry < CQ}
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3. Simulation MD-JSCC scheme based on lattice quantizer

Consider the communication scheme shown in Fig.1, where the n Gaussian ran-
dom symbol sequence with zero mean and variance o% is S; ~ N (0,02), k =
1,2,--- ,n, and they must be transmitted through two parallel noisy channels. As-
sume that SI information {W}} is independent and identically distributed Gaussian
random variable sequence:

Wi, =8+ U. (5)

Where, Sy ~ N(0,0%) and Uy ~ N(0,0%). The correlation coefficient of Sy and

W}, can be calculated as psw = 0‘5’/\/0‘%« + 0.
The joint source-channel MD encoder maps the input sequence to two-channel
codewords X; = [X;1,---, X, 8,n], 1 =1,2.

g1:8" — Xfln 6
. n 62” ( )
g2 : 8™ = X5

3.1. Simulation mapping of multiple description

As the total bandwidth ratio required for a proposed JSCC is § = 51+82 > 1, the
liner mapping can be regarded as a sub-mapping block that can be used continuously
with lattice scaling. Fig.2 shows the algorithm structure of the mapping process,
where (S, Sk+1) represents the source sample.
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Fig. 2. Bandwidth reduction simulation mapping

The method uses scalar quantization to encode the sample Si11, and X} € R can
be obtained after the quantized sample is overlaid and mapped with other samples.
By considering uniform (scalar) quantization and horizontal step quantization, we

get ig, , € 0,£1,--- ,£N, as Sp41 quantitative indicator:
S
i5),., = round [ k+1} . (7)
AW

Indicator i, ,, and sample Sy can be mapped as channel symbols X} as below:
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Xy = G (Sk, Sk+1)

, 8
= K1 (isk+1 + K2 (—1)15k+1 . li5k+1 (Sk)) ( )

Where K is a normalized constant that can be created as a power constraint
E(X?) < P, Ky € [0,1) specifies the interval width in the signal space and can
be expressed as Si. In order to make the signal space mapping effective, the hard-
clipping function ZZ-Sk+1 (+) is used to limit the dynamic range Sy of the signal, which
can be expressed as below:

Where the parameter R gives the maximum dynamic range of the sample (Sk, Sk+1)-
The number N, of quantization levels is set as N, = R/A,.

3.2. Lattice quantizer

I-dimensional lattice is a discrete subgroup of Euclidean space and can be de-
scribed as below:
A={A=0U-b: beZ'}. (10)

In the formula, the rank of generator matrix ¥ € R™>! is [.
Definition 1: (lattice quantizer) Q5 : R' — A that maps a point R’ to the
closest point from the Euclidean distance in A:

Qa(y) = argmin [y — Al| . (11)
AEA

In addition, the modular arithmetic form of y € R! to A is defined as below:

ymodA =y — Qa(y) . (12)

Definition 2: (basic Voronoi region) This region can be expressed as V) and it
is the point set in R':

Va=(y:y € R, Qaly)=0}. (13)

Define the volume Vol (A) of the lattice A, which is calculated as Vol (A) =
det (¥). The proposed coding scheme is based on a continuous scale lattice, {(SjA}?;l
where 61 > 02 > -+ > 6,1, 0; € R4 is the scale factor used in every m steps.

Definition 3: (Scale) assuming that A is l-dimensional lattice and § € R is the
scalar of real part, then dA = {06 : XA € A} is also a lattice.

Since the dimension of the input vector of simulated and mapped in Fig.2 is [ = 2,
it is only necessary to limit the lattice to a two-dimensional form. Therefore, A is
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selected as the lattice:

SV

3.3. Coding - decoding process

As the source sequences are independently and identically distributed, consider
the first pair (7, S2) of source symbols encoded by complementary simulation en-
coding functions (joint source-channel coding) ¢; : Rx R — R™ (i = 1,2) to produce
the channel symbols:

Xi= (X1, Xi2, -, Xim) = 9i(51,52) . (15)

As 81 = 2 = m/2, the total bandwidth ratio is § = m. g; is similar to g in the
construction, however, the rotation R of the input source symbol (S1,S2) is applied
to go for description as independent as possible:

92(51,52) = g1 (R - (51,52)) - (16)
cosf —sinf

a [ sinf  cosf ] (17)

Where, 6 is the rotation angle. The maximum correlation output can be obtained

using the rotation angle § = 7/2, as shown in literature [15]. The proposed joint
simulation source channel MD coding scheme is shown in Fig.3.
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S, 9:1(51,52) > 1 ! NS L,
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Fig. 3. Joint simulation source channel MD coding scheme

In Fig.3, (S1,.52) can encode X; according to the following steps:

Case 1: (without available SI encoder) For simplicity, assume that the optimal
scale factor {J; };”:_11 has been worked out (as described in Section 3.4). Define the
initial pair (Z1, Z2)o = (51, S2) of auxiliary variables. The first code symbol can be
calculated as: X311 = G(Lo - (Z1, Z2)o), where, G (-) is shown in formula (8) and
Lo =0. For j € (1,2,--- ;m — 1), the iterative calculation process is as follows:
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(1) Calculate (Zy, Z3);:

(Z1722)j = (Zl,Zg)j,1 mod 5JA (18)

The above formula shows that (71, Z); depends on the basic Voronoi region V;f\)
of the lattice §;A.

(2) Set the channel symbol symbol. As shown in Fig.4, we can get the following
by considering the radius of the linear mapping circle and normalizing (Z;, Z5),; with
the scale factor L;:

mR2
Li= Vol(6;A) (19)

At the end of the encoding process, we can get the following:

91(51,82) = (G(Lo - (Z1, Z2)0), -+ ,G(Lim—1 - (Z1, Z2)m—1)) - (20)

Fig. 4. Hexagonal lattice transformation process

Case 2: (with available SI encoder) The encoding algorithm will follow the
process in case 1, except for the initial pair (Z1, Z3)¢ of ancillary variables whose
alternative calculation is as below:

(Z1,Z2)0 = (51, 52) mod 6"V A . (21)

The first channel symbol can be calculated as: X;; = G(Lg”) (Z1,2Z2)0). The
remaining channel symbols X 2, X; 3,---, X1, can be obtained according to the
calculation process in case 1.

Case 3: (without available ST decoder) The three decoders perform a Minimum
Mean Squared Error (MMSE) on the estimator based on the received symbol 1 and
Y>. The estimation process is shown in Fig. 5.

(1) Symbol decoding: for j € (0,1,--- ,m — 1), the side decoder i = 1,2 calcu-
lates the MMSE estimate (ZAl,Zg);Z) = E[(Z1,Z5);]Y;1+;]. Center decoder ¢ = 0

calculates (Zl,ZAg)go) = E(Z1,7Z2);|Y1,14,Y2,1+4;]. After the calculation is com-
pleted, the estimate of the source symbols (S7,.52) for each decoder i = 0,1,2 can
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be calculated according to Fig. 5:

m—2 (22)

(2) Joint decoder: The source symbol (57, S2) is estimated as: for the side decoder
1 =1, 2, there is (5”;,5”2)7" = E[(S1,52)|Y:], and (gl,gg)o = E[(S1, 52)|Y1, Ys] for the
center decoder i = 0.

Case 4: (with available SI decoder) For simplicity, only the joint decoding of
the optimal estimate are considered herein, so MMSE can be used for (S, 53) es-
timation, that is, there is (S;,55)F = E[(S1, S2)|Y;, Wy, Wa] for the side decoder,
and (S1,§2)0 = E|(S1,52)|Y1, Y2, W1, Ws] for the center decoder ¢ = 0. Since
Y; < (S1,52) « (W1, Ws) forms a Markov chain, it is easy to calculate the afore-
mentioned expectation.

Fig. 5. Graphical interpretation of symbolic decoder (m = 3)

3.4. Offtine calculation of scale factor

For the prescribed m = M, {4; };Vizl can be obtained by offline recursion in the
following way. The initial value of §; can be obtained by setting m = 2 in the
above encoding and decoding processes, and then ¢; is selected (see formula (8)) to
minimize the required distortion set. Assuming that d1,d2, -+ ,dx(k < m — 1) have
been obtained, then dx41 can be obtained by setting m = k 4 2 and using the first
k + 1 steps of the encoding algorithm. Then in step k + 2, choose 41 in formula
(8) to minimized the expected distortion.

Ly m—1

In the case of available SI, the scale factor {5§SZ)} can be calculated by
j=0

setting m = 1. When the correlation coefficient pg s between S and W tends

to 0, 5(()Si) — 00, (5§Si) — 0j+1, then the above scheme degenerates into a case

without available SI. On the contrary, the larger pg w, the smaller 6;Si). Therefore, a
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larger correlation means a smaller Voronoi region, indicating that the total distortion
decreases as the calculation step j increases.

4. Experimental analysis
4.1. Experimental setting

In the experimental simulation stage of this section, Exata is selected as the
network simulator. The simulator is set as follows: The simulation platform version
is Exata 2.1, an advanced simulation version developed by QualNet, which can be
used for experimental simulation in a semi-physical environment. In order to achieve
the purpose of H.264 real-time video streaming, we use Exata2.1 to integrate with
the algorithm proposed in this paper for development. For details of development,
please refer to the Exata manual. In the network structure design, the wired network
access port is reserved, and the wireless network interfaces equipped on the end
include WiMAX interface, WLAN interface and HSDPA interface. The connection
between client and server can be established by binding IP address. The relevant
parameters of the heterogeneous network are listed in Tab.1.

Table 1. Wireless network parameters configuration

Parameter value Parameter value
HSDPA parameter Subcarrier number 255
SIR target value 10dB Sampling factor 8/7
orthogonal factor 0.5 SNR mean 16dB
Channel power 33dB Symbol duration 2048
Maximum station of base station 44dB Mean loss rate 2.5%
Unit bandwidth 3.85Mc/s Mean pulse length 15ms
SNIR 0.58 WLAN parameter
Background noise power -103dB Mean bit rate 2Mbps
Mean loss rate 2% Time slot 10us
Mean pulse length 10ms The biggest competition window 32
WiMAX parameter Mean loss rate 3.5%
System bandwidth TMHz Mean pulse length 20ms

4.2. Comparison algorithm selection

This paper compares the proposed SCLQ-JSCC algorithm with the following
multipath / heterogeneous network video transmission schemes: (1) Virtual Path
System (VPS). This method uses fountain code to construct the heterogeneous net-
work video transmission path. In the algorithm implementation, the parameter is
updated every 0.5s. The fountain code has a packet size of 8 Byte and a symbol
length of 512 Byte; (2) Media Flow Rate Allocation (MFRA). This strategy uses the
maximum utilization rate algorithm to optimize the code rate and redundancy for
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multipath video transmission, in which the number of video layers is set as 1 owning
to the scalability of SVC / H.264 encoding.

4.3. Result analysis
In order to verify the performance of the proposed SCLQ-JSCC algorithm, the

redundancy and the video code rate of forward error correction (FEC) for tolerable
transmission loss rate in the indicator selection are compared, as shown in Fig. 6.
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Fig. 6. Algorithm performance analysis

The results of Fig. 6 show the comparison of the three contrast algorithms in
terms of redundancy and video code rate. According to Fig.6a, we can see that
the proposed SCLQ-JSCC algorithm is significantly superior to VPS and MFRA
in terms of code redundancy, and at the same time, MFRA strategy is better than
VPS strategy with respect to redundancy since the redundancy optimization is taken
into account. As shown in Fig. 6b, we can see that the algorithm in this paper is
better than the two contrast strategies selected in the video code rate, while the
VPS strategy has higher code rate than the MFRA algorithm because it considers
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the virtual path transmission.

The comparison results of standard deviation, mean value and the instantaneous
value of the PSNR index (peak signal-to-noise ratio) received in the video during
the experiment are shown in Tab.2.

Table 2. Comparison of PSNR indicators received in video

Research object  Indicator classification VPS MFRA  SCLQ-JSCC

Cit Mean value 36.1 25.3 40.3
Y Standard deviation ~ 0.67  0.73 0.56
Mean value 32.6 25.8 35.3

Crew
Standard deviation 0.75 0.77 0.56
Mean value 33.5 25.6 36.1

Harbor
Standard deviation 0.71 0.65 0.53
Mean value 37.1 30.2 41.5

Soccer
Standard deviation 0.96 0.98 0.82

Experimental results in Tab. 2 show that the proposed algorithm in this paper
is always superior to VPS and MFRA in the four groups of video transmission such
as City in terms of mean PSNR indicator, which indicates that the distortion mixed
in the transmission signal is relatively minimum and that video restoration quality
of the proposed algorithm is better. Moreover, the standard deviation of PSNR
indicator obtained by the proposed algorithm is the smallest, indicating that the
proposed algorithm has better stability of video transmission.

Experimental results in Fig. 7 show the cumulative distribution of frame delays
during video transmission. According to the experimental results in Fig. 7, the
frame delay of the SCLQ-JSCC algorithm proposed in this paper is significantly
lower than those of the VPS and MFRA algorithms, which indicates the low latency
of the proposed algorithm. Although the VPS algorithm considers the virtual path
transmission, the virtual path needs to be re-established after video frame is lost,
thereby affecting the transmission delay of the video frame.
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Fig. 7. Cumulative distribution of transmission delay

Fig.8 shows the comparison of the effective loss rate indicators in [30, 80| time
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quantum. It should be noted that the PSNR value in the video transmission process
is not only related to the loss rate, but also related to the loss of the video frame.
Therefore, this indicator can reflect the quality change of the video transmission
process to some extent.

As shown in Fig.8, it can be seen that the effective loss rate of proposed algorithm
is smaller than those of the selected VPS and MFRA algorithms, and MFRA results
in higher loss rate than VPS and SCLQ -JSCC algorithm proposed in this paper
due to the video split-stream transmission technology used in MFRA. The above
experimental results verify the advantages of the proposed algorithm in video data
transmission quality and transmission speed.
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Fig. 8. Effective loss rate indicator

5. Conclusion

In this paper, a joint source-channel coding method of heterogeneous network
video based on the lattice quantization is proposed, and a multiple-description in-
dependent parallel channel transmission framework for Gaussian video source trans-
mission is established. The simulation mapping bandwidth is reduced with the
lattice-scale quantization method, and the performance of heterogeneous network
video transmission is improved through the bandwidth extension. Future research
direction is mainly the MD-JSCC scheme simulation network topology of the multi-
access relay channel or multi-hop network.
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