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I. INTRODUCTION

Real-time video streaming is taking off in recent years.
Video is predicted to account for 82% of Internet traffic by
2022, a growing share of which will take the form of live
streaming [1]. Forward Error Correction (FEC) [2] is com-
monly applied to protect transmitted data in real-time video
streaming, by sending redundant parity packets to recover the
lost packets on the spot.

Expanding-window FEC [3], [4] is proposed for real-time
video streaming to provide Unequal Error Protection to packets
in different frames, i.e. I frames and P frames. In expanding
window approach, encoding window is expanding each time
the parity packets are generated (Fig.1). For example, the f -th
group of parity packets are generated after all source packets
from frame 1 to f are collected. For simplicity, we assume
frames are with equal size, but it works for unequal-sized
frames as well.

On the one hand, by enlarging the encoding window,
Expanding-window FEC increases the error-correcting capa-
bility of RS code, compared with Packet- [5] or Frame- [6],
[7] level FEC.

On the other hand, it also provides unequal protection for
different frames, compared with Sliding-window FEC [8], as
the front frames (e.g. P-frame) of a GOP are more important
than others.

However, expanding-window FEC poses two challenges to
practical implementation, both of which may significantly
degrade the perceived visual quality of the received video:

1) High computation cost: Expanding-window FEC in-
creases the number of source packets to be encoded,
and thus the computation cost of both encoding and
decoding.

2) Long Decoding Delay: To get the lost packets recov-
ered, the decoder needs to wait for the whole block of
RS code to arrive, which results in a decoding delay.

In this paper, we practically implement expanding-window
FEC using RS-code (EW-RS) for real-time video streaming.
We accelerate both the encoding and decoding process by re-
ducing non-zero elements in coding matrix while maintaining
the high error-correcting capability, and reduce the decoding
delay by taking out solvable part of equation in advance.
Evaluations shows that about 40-50% computation cost and
decoding time can be saved in our implementation.
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Fig. 1. Expanding Window FEC

II. DESIGN OF LOW-COST EWRS

A. Implementation

EW-RS can be generally described as follows. Let l be the
packet size (padding to l if not) . Assume a coding block
includes f frames and i-th frame consists of ni source packets
(1 ≤ i ≤ f ). ki parity packets Pki×l are generated by (1)
from (

∑i
j=1 nj) source packets S(

∑i
j=1 nj)×l and sent after

each frame.

Pki×l = E
(i)

ki×(
∑i

j=1 nj)
× S(

∑i
j=1 nj)×l (1)

As for decoding, the i-th group of source packets S(
∑i

j=1 nj)×l

can be decoded when expanding window decoding condition
[4] holds by jointly solving the equations (??) for all frames
prior to i-th frame. According to received source packets and
parity packets, useless rows can be eliminated and thus a non-
singular matrix equation is ready to be solved.

Considering the overall process, the coding matrix
E(

∑f
j=1 kj)×(

∑f
j=1 nj)

used is in the form of a lower block-
triangular matrix.

E(
∑f

i=1 ki)×(
∑f

i=1 ni)
=


E

(1,1)
k1×n1

0 ... ... 0

E
(2,1)
k2×n1

E
(2,2)
k2×n2

0 ... 0
... ... ... ... ...

E
(f,1)
kf×n1

E
(f,2)
kf×n2

... ... E
(f,f)
kf×nf


where E

(i,j)
ki×nj

refers to the j-th sub-matrix of i-th encoding

matrix E
(i)

ki×(
∑j

v=1 nv)
, i.e.

E
(i)

ki×(
∑j

v=1 nv)
= [E

(i,1)
ki×n1

E
(i,2)
ki×n2

... E
(i,i)
ki×ni

]



Since EW-RS significantly enlarges the coding matrix, com-
putation cost is greatly increased especially in decoding when
solving a matrix equation.

We save computation cost by reducing non-zero elements in
coding matrixes. In our implementation, we let each E

(i,j)
ki×nj

be a band matrix, which may increase the probability of
decoding failure. We explore the trade-off between them in
Sec. III-A and show that the computation cost can be reduced
by carefully deciding the band width of matrix.

B. Real-time Decoding
In our implementation, the unit of decoding is coding

window i.e. frame 1 ∼ i, also namely i-th coding window. The
i-th coding window is decodable if and only if no more than∑i

v=j kv packets are lost from j-th frame to i-th frame for all
integer j s.t. 1 ≤ j ≤ i. Note that both source packet loss and
parity packet loss are considered. We’re able to calculate the
maximal decodable coding window by checking decodability
condition anytime, so decoding will be tried each time a packet
is received. If decodable coding window lengthens, we can get
the sub-matrix of coding matrix corresponding to the coding
window, solve the sub-equation and recover lost packets.

For example in equation.2, assume each frame contains only
one source packet, source1 was recoverable by solving sub-
matrix parity1 = a× source1 as long as parity1 is obtained
which makes 1-st coding window decodable.[

parity1
parity2

]
=

[
a 0
c d

]
×
[
source1
source2

]
(2)

III. EVALUATION

A. Decodability vs Decoding Time

We tune the band width of each band matrix E
(i,j)
ki×nj

(denoted by the proportion wr to matrix row size ki), and
test the performance under different network situations. Let
each frame contain 20 source packets and 20 parity packets
(n = ni = 20, k = ki = 20 ∀i ∈ [1, f ]), and a GOP includes
10 frames. Average packet loss rate is 0.3, and average length
of burst legnth is 0.3k and 0.9k Results are shown in Fig. 2. A
satisfying value of wr is about 0.5, accelerating the decoding
process by about 40% while decoding failure rate increases
within 10%.
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Fig. 2. Performance with diverse band width

B. Error-correct & Decoding Time
We compare the performance of our EW-RS implementation

with two baseline FEC method: Frame-level FEC and GOP-
level FEC, both of which are using RS-code. The evaluation

are launched in different network state with different packet
loss probability, and high(≈ k) or low(<< k) burst length. The
configuration of n, k and GOP length remains the same as in
Sec.III-A. Results are in Fig.3. In terms of error-correction
capability, EW-RS outperforms Frame-level FEC with larger
coding window, and in terms of decoding time, EW-RS are less
than GOP-level FEC, which validates that our implementation
successfully balances the trade-off: it is more effective than
Frame-level FEC and more practical than GOP-level FEC.
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Fig. 3. Overall Performance

IV. CONCLUSION

In this paper, we propose expanding-window FEC using RS-
code (EW-RS) for real-time video streaming. We accelerate
decoding significantly by reducing non-zero elements in cod-
ing matrix while maintaining high error-correcting capability,
and make it possible to decode packets online by taking out
the solvable part of matrix equation.
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