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ABSTRACT
Recently, Dynamic Adaptive Streaming over HTTP (DASH)
has been widely deployed over the Internet. Under time-
varying network conditions, it is, however, still a big chal-
lenge to provide smooth video bit-rate with high video quali-
ty, especially when multiple clients compete for the network
resources where the fairness must be considered. In this pa-
per, a fairness-aware smooth rate adaptation approach is de-
signed for DASH under the scenario that multiple clients are
competing for the network resources. To avoid the unfair
bandwidth estimated by the client induced by the off-intervals
during the downloading process, a probe-based bandwidth es-
timation method is designed which includes a logarithmic law
based increase probing scheme and a conservative back-off
based decrease probing scheme. Then, with the probed band-
width, a dual-threshold based video bit-rate switching scheme
is designed that buffer overflow/underflow is avoided, and s-
mooth video bit-rate is also provided. The extensive experi-
ments on our network testbed demonstrate that the proposed
approach outperforms the existing schemes significantly.

Index Terms— Dynamic HTTP Streaming, Rate Adapta-
tion, Fairness, Smoothness

1. INTRODUCTION

In recent years, Dynamic Adaptive Streaming over HTTP
(DASH) has been widely used for video streaming service
over the Internet[1, 2, 3, 4]. In DASH, a video content is en-
coded into multiple versions at various bit-rates. Each video
version is further broken into small video chunks, which nor-
mally contains a few seconds worth of video. Using HTTP
connections, a DASH client is able to dynamically request
chunks from different versions. By dynamically monitoring
the available bandwidth and client buffer occupancy, and
throttling the video bit-rate to match the available bandwidth
with version switching, DASH is able to achieve a continuous
video playback at the best possible quality level[5]. Howev-
er, due to the inherent bandwidth variations, it is still a big
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challenge to provide smooth video bit-rate with high video
quality, especially when multiple DASH clients share a net-
work bottleneck where the fairness must be considered[6, 7].

In DASH, video bit-rates are dynamically adjusted ac-
cording to rate adaptation logic, which plays a critical role
in guaranteeing high-quality video streaming service, thus at-
tracting many research efforts, such as [4, 8, 9, 10, 11]. All
these adaptation schemes aim to either adapt a video bit-rate
to an available bandwidth so as to achieve a high bandwidth
utilization, or ensure a buffer in the client to provide a contin-
uous playback. However, due to the inherent bandwidth vari-
ations, there is a fundamental conflict between video bit-rate
smoothness and bandwidth utilization, and existing schemes
do not balance the needs for these two aspects well. Be-
sides, all these schemes are designed with the underlying as-
sumption that the TCP downloading throughput observed by
a client is its fair share of the network bandwidth[12]. Howev-
er, due to the off-intervals during the download processing[7],
such schemes lead to video bit-rate oscillations and unfair
bandwidth sharing when multiple clients compete over a com-
mon bottleneck link, as demonstrated in[12, 13, 14]. In[15], a
rate-shaping approach is proposed to address the above prob-
lems by eliminating the off-intervals. However, this approach
is conducted at the server-side, which has limitation in sup-
porting the large-scale multimedia delivery since it will dra-
matically increase the burden on the web server or cache. In
contrast to [15], to avoid the unfair bandwidth estimated by
the client induced by the off-intervals, a probe-based method
is proposed to perceive the fair-share bandwidth in [12]. How-
ever, it leads to a long convergence time and failure in proper-
ly tracking the time-varying bandwidth. Moreover, the tremu-
lous probed bandwidth would lead to short-term rate oscilla-
tion and deteriorate user experience of streaming services.

In this paper, a fairness-aware smooth rate adaptation ap-
proach is designed for DASH under the scenario that multi-
ple clients are competing for the network resources. First, to
avoid the unfair bandwidth estimated by the client induced
by the off-intervals during the downloading process, a probe-
based bandwidth estimation method is designed to converge
the probed bandwidth to the fair-share bandwidth by the prob-
ing mechanism. Specifically, when the probed bandwidth is
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smaller than the estimated bandwidth, which is equal to the
chunk size divided by the time consumed to download that
chunk, a logarithmic law based probing scheme is designed
to increase the probed bandwidth to converge quickly whilst
avoiding over-probing. On the other hand, when the probed
bandwidth is higher than the estimated bandwidth, a conser-
vative back-off scheme is designed to decrease probed band-
width to avoid congestion. After obtaining the probed band-
width, a dual-threshold based rate adaptation scheme is de-
signed considering both the buffered video duration and the
probed bandwidth. When the buffer occupancy stays between
the two thresholds, the video bit-rate keeps unchanged and s-
mooth video bit-rate is provided. Otherwise, when the buffer
occupancy is too high or too low, an appropriate video bit-rate
is selected to avoid buffer overflow/underflow.

The main contributions of this paper can be summarized
in three-fold:

• A probe-based bandwidth estimation scheme is de-
signed for DASH, which includes a logarithmic law
based increase probing scheme and a conservative
back-off based decrease probing scheme. It aims to
converge the probed bandwidth to the fair-share band-
width quickly whilst avoiding congestion.
• We propose a dual-threshold based smooth rate adapta-

tion scheme combining the buffered video time and the
probed bandwidth. In the scheme, the effect of band-
width variation on video rate is eliminated and smooth
video rate is provided. Moreover, the two thresholds
are used as operation points to select the best video rate
and a continuous video playback is obtained.
• Extensive experiments on our network testbed are con-

ducted to investigate the performance of the proposed
fairness-aware rate adaptation approach. And the ex-
perimental results demonstrate that the proposed ap-
proach outperforms the existing schemes significantly.

The rest of the paper is organized as follows. We present
the probe-based bandwidth estimation method in section 2. A
dual-threshold based smooth rate adaptation scheme is pro-
posed in section 3. We show the experimental results in sec-
tion 4, and conclude the paper in section 5.

2. FAIRNESS-AWARE BANDWIDTH PROBING

Due to the ON-OFF phenomenon in DASH, the bandwidth
estimated by clients is discrepant. However, as demonstrated
in [12], only when the bandwidth is oversubscribed, i.e., the
congestion occurs, the bandwidth estimated by the clients is
equal to the fair-share bandwidth (all the clients see the same
available bandwidth). On the other hand, when congestion
occurs, the requested video bit-rate cannot be supported by
the bandwidth and playback freezing may happen. Thus, how
to obtain the fair-share bandwidth without congestion is criti-
cal for improving the rate adaptation performance for DASH.

In this section, a probe-based bandwidth estimation
method is designed that we try to converge the probed band-
width to the fair-share bandwidth by probing mechanism. The
intuition behind this method is that the bandwidth estimated
by the clients is always the upper bound of the fair-share
bandwidth due to the off intervals. Thus, the probed band-
width will become closer to the fair-share bandwidth and
equal to it during the probing process. On the other hand,
the granularity of probing is very critical. Coarse granularity
can converge the probed bandwidth quickly to the fair-share
bandwidth, but it may over-probe and lead to congestion.
While too fine granularity needs a long time to converge and
cannot track the time-varying bandwidth well.

To solve the above challenges, a logarithmic law based
probing scheme is designed to increase the probed bandwidth
under the consideration that when the gap between the probed
bandwidth and the fair-share bandwidth (we cannot obtain the
fair-share bandwidth in practical, and its upper bound, i.e.,
the estimated bandwidth is used for approximation) is large,
a coarse granularity probing scheme should be employed to
increase the probed bandwidth quickly. On the other hand,
when the gap is small, a fine granularity probing scheme
should be adopted to avoid over-probing. When the probed
bandwidth is higher than the fair-share bandwidth, congestion
may occur leading to playback freezing which deteriorates
the user experience heavily. In this case, a conservative back-
off scheme is designed to decrease the probed bandwidth
guaranteeing that no congestion happens.

Specifically, we denote be(n) as the estimated bandwidth,
i.e., the upper bound of the fair-share bandwidth for a client
when downloading chunks, then we have

be(n) =
r(n)T0
T (n)

(1)

where r(n) is the video bit-rate for chunk n, T0 is the chunk
length in seconds, and T (n) is the time consumed to down-
load chunk n. Let bp(n) denote the probed bandwidth ini-
tialized to zero, and bp(n) is used to select the video bit-rate
for chunk n. Whenever a chunk is completely downloaded,
the estimated bandwidth is update according to (1). Then, the
probed bandwidth is updated as follows:

bp(n)=


bp(n− 1) + max( b

e(n−1)−bp(n−1)
2 ,4),

if bp(n− 1) < be(n− 1)

bp(n− 1) + α · (be(n− 1)− bp(n− 1)),
if bp(n− 1) ≥ be(n− 1)

(2)

where 4 is a constant to avoid too slow of the convergence
and α is a positive constant satisfying that α ≥ 1.

3. SMOOTH RATE ADAPTATION

After obtaining the probed bandwidth in section 2, we now
move to obtain the smooth video bit-rate with high band-
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Fig. 1. Network topology in test bed

width utilization and a dual-threshold based rate adaptation
scheme is designed combined with the probed bandwidth. In
this work, the buffer occupancy is denoted by the buffered
video duration considering that the client buffer may contain
chunks from different versions, i.e., different video bit-rates
and there is no longer a direct mapping between the buffered
video size and the buffered video duration.

From the control system point of view, there is a funda-
mental conflict between maintaining smooth video bit-rate
and stable buffer occupancy, due to the unavoidable network
bandwidth variations. Nevertheless, from the end user point
of view, video bit-rate fluctuations are more perceivable than
buffer occupancy oscillations. The recent work in [16] has
shown that switching back-and-forth between different bit-
rates will significantly degrade user’s viewing experience,
whereas buffer occupancy variations do not have direct im-
pact on video streaming quality as long as the video buffer
does not deplete. Moreover, our prior work[17] has shown
that the effect of short-term bandwidth variations on rate
adaptation can be eliminated by using two thresholds. Thus,
in this work, we also propose to use two thresholds, qmin and
qmax, to mitigate the effect of bandwidth variations on video
rate adaption so as to provide smooth video bit-rate.

Combined with the probed bandwidth, a dual-threshold
based smooth rate adaptation scheme is designed with the
aim to provide a smooth video bit-rate whilst avoiding buffer
overflow/underflow. When the buffer occupancy is lower than
qmin, to avoid buffer depleting and provide a continuous play-
back, the video bit-rate should be selected no higher than the
probed bandwidth. Similarly, when the buffer occupancy is
higher than qmax, to ensure no buffer overflow happens while
achieving high bandwidth utilization, a higher video bit-rate
can be selected. At last, when the buffer occupancy falls in
between the two thresholds, the risk of buffer overflow and
underflow is low, and the video bit-rate should be kept un-
changed so that smooth video quality is provided.

Specifically, consider that a video content is encoded into
k versions with different video bit-rate. The set of video bit-
rates is denoted by R = {ri|1 ≤ i ≤ k}, where ri is the
bit-rate of i-th video version and it satisfies that 0 < ri < rj ,
∀i < j. We define q(n) as the buffer occupancy when starting
to download chunk n. With the buffer occupancy q(n) and the
probed bandwidth bp(n) according to (2), the video bit-rate

for chunk n is determined as

r(n) =



max
1≤i≤k

{ri|ri ≤ bp(n)} if q(n) < qmin

min
1≤i≤k

{ri|ri ≥ bp(n)} if q(n) > qmax

r(n− 1) else

(3)

where when the buffer occupancy is smaller than the qmin, the
maximal video bit-rate which is no higher than the probed
bandwidth is selected so as to guarantee a continuous video
playback; when the buffer occupancy is higher than the qmax,
the minimal video bit-rate which is no lower than the probed
bandwidth is selected so as to improve video quality; other-
wise, the video bit-rate keeps unchanged and smooth video
bit-rate is provided.

4. PERFORMANCE EVALUATION

In this section, we evaluate the proposed fairness-aware s-
mooth rate adaptation approach over our network testbed,
as illustrated in Fig.1. Two DASH clients are connected to
the same HTTP streaming server and the bottleneck link stays
from the HTTP streaming server to the router. Dummynet[18]
is used to control the available bandwidth of the bottleneck
link. In our experiments, same with Netflix, the server pro-
vides five different versions of video bit-rates R = {r1 =
300, r2 = 700, r3 = 1500, r4 = 2500, r5 = 3500}(kbps).
Each video version is segmented into the same equal-length
video chunks, which contains 2 seconds worth of video.
Moreover, the buffer size is set to 30s and the thresholds are
set as qmin = 15s, qmax = 25s. For performance compari-
son, besides our proposed method, the PANDA (Probe AND
Adapt) proposed in [12] is also implemented.

Firstly, as shown in Fig.2, we evaluate the performance
of the two schemes where two clients are competing for the
bandwidth during instant 200s to 400s (the second client joint
the system at 200s and leave it at around 400s), and the avail-
able bandwidth is set to 4Mbps. Fig.2(a)-(b) show that our
method is able to converge the probed bandwidth to the esti-
mated bandwidth very quickly through the carefully designed
logarithmic law based increase probing scheme. Note that
it takes a long time for PANDA’s probed bandwidth to con-
verge due to the linear increasing scheme. The figures also
show that when two clients compete with each other, PANDA
fails to track the fair-share bandwidth well. As a result, the
two clients fail to request the fair video bit-rates as shown in
Fig.2(d). On the other hand, our method is able to well track
the fair-share bandwidth and the probed bandwidth fluctuates
around 2Mbps (which is equal to the fair-share bandwidth).
Based on the probed bandwidth, the clients request the video
bit-rates in a much fairer way, as shown in Fig.2(c). Be-
sides, Fig.2(c-d) also show that our approach provides much
smoother video bit-rates than PANDA when two clients com-

4503

Authorized licensed use limited to: Peking University. Downloaded on November 04,2020 at 03:06:33 UTC from IEEE Xplore.  Restrictions apply. 



0 100 200 300 400 500
0

1000

2000

3000

4000

Time(sec)

B
a

n
d

w
id

th
(K

b
p

s
)

 

 

bottleneck link rate

first client probed bandwidth

first client estimated bandwidth

second client probed bandwidth

second client estimated bandwidth

(a) Our

0 100 200 300 400 500
0

1000

2000

3000

4000

Time(sec)

B
a
n
d
w

id
th

(K
b
p
s
)

 

 

bottleneck link rate

first client probed bandwidth

first client estimated bandwidth

second client probed bandwidth

second client estimated bandwidth

(b) PANDA

0 100 200 300 400 500
0

1000

2000

3000

4000

B
it
−

ra
te

(K
b

p
s
)

Time(sec)

 

 

0
0

10

20

30

40

0
0

40

B
u

ff
e

r 
S

iz
e

(S
e

c
)

first client video bit−rate

first client buffer occupancy

second client video bit−rate

second client buffer occupancy

(c) Our
0 100 200 300 400 500

0

1000

2000

3000

4000

B
it
−

ra
te

(K
b

p
s
)

Time(sec)

 

 

0
0

10

20

30

40

0
0

40

B
u

ff
e

r 
S

iz
e

(S
e

c
)

first client video bit−rate

first client buffer occupancy

second client video bit−rate

second client buffer occupancy

(d) PANDA

Fig. 2. Two identical players compete for available bandwidth. One player occupies a bottleneck with available bandwidth of
4Mbps, and another player joins at around 200s and leaves at around 400s.(a)-(b):estimated bandwidth and probed bandwidth;
(c)-(d): video bit-rate and buffer occupancy evolution
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Fig. 3. Two identical players compete for available bandwidth. The players start at t=0s, and t=75s, respectively. The available
bandwidth is initially set to 4Mbps, and drops to 1Mbps at around t=300s and increases to 2Mbps at around t=500s. (a)-(b):
bottleneck link rate and video bit-rates

pete together. This is mainly because that our approach s-
mooths out all the short-term variations of the probed band-
width by employing a dual threshold which is similar to a
low-pass filter. Whereas, the PANDA adapts the video bit-
rate according to the probed bandwidth so as to maintain a
stable buffer occupancy, as shown in Fig.2(d).

Finally, another set of experiments is conducted to e-
valuate the two schemes under the scenario that the avail-
able bandwidth varies between 1-4Mbps, as shown in Fig.3.
Fig.3(a)-(b) show that the video rate in our proposed method
is much smoother than in PANDA, this is mainly because
that besides the probed bandwidth, a dual-threshold based
rate selection scheme is adopted. Moreover, compared with
PANDA, the requested video rate is also much fairer due to
the high effective bandwidth probing scheme. Overall, the
results have shown that multiple clients share the bandwidth
fairly in our proposed rate adaption scheme while smooth
video rate is also achieved with high bandwidth utilization.

5. CONCLUSION

In this paper, we proposed a fairness-aware smooth rate adap-
tion approach for DASH under the scenario that multiple
clients are competing for the network resources. To avoid
the unfair bandwidth estimated by the client induced by the
off-intervals, we have designed a probe-based bandwidth esti-
mation method to obtain the fair-share bandwidth by probing
mechanism. With the carefully designed logarithmic law
based increase probing scheme and the conservative back-off
based decrease probing scheme, our method is able to quickly
converge the probed bandwidth to the fair-share bandwidth
whilst avoiding over-probing. Then, combining the probed
bandwidth and the buffered video duration, we proposed a
dual-threshold based video rate switching scheme, by which
smooth video rate is obtained with high bandwidth utilization
and playback freeze is also avoided. The extensive experi-
ments on our network testbed demonstrate that the proposed
approach outperforms the existing schemes significantly.
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