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Abstract 

Mobile devices are susceptible to changing bandwidth when moving. Current HTTP-based 

adaptive streaming deals with such bandwidth situation by providing an appropriate video 

representation for current available bandwidth. Recent studies on adaptive streaming showed 

that solving network problems with predictions could improve the quality of service. 

Therefore, in this paper, we propose a method of predicting downloading segments to solve 

the problems of frequent network changes. In thismethod, we first calculate the average of 

previous bandwidth values, the average time to download previous segments. Second, we 

trace-back at some earlier bandwidth values, average downloading time values to infer a 

degree of current network fluctuation. We then predict a new request segment for a mobile 

client by using fuzzy logic. In the experiment, our results show that the method significantly 

reduces the fluctuation compared toprevious research. 

 

Keywords: Dynamic Adaptive Streaming, Fuzzy Inference, Moving Average, Bandwidth 

Fluctuation, Mobile Video Quality, Bandwidth Usage. 

 

1. Introduction 

The fast growing internet users in recent year causes many problems in the internet 

delivering services. For example, a user might have rapidly fluctuated throughput from 

7Mbps to 0 and then back up. More specifically, it starts off blazing fast, time out for a while 

then come back up. That is a typical case when mobile users move aroundfrequently. In 

another case, a mobile user has signed up to a 5G service/80 Mbps recently, and he 

experienced internet speed drops to as low as 3G/800 Kbps. Typically, the speed usually 

fluctuates at a weak-signal place such as a remote area. The fluctuation changes a lot, like 

dropping to 800 Kbps and might just stay on for a few hours before the speed returns to 

normal. 

To solve such fluctuation network, Dynamic Adaptive Streaming over HTTP (DASH) [1] 

has recently emerged as a server-client driven.The server divides a video file into multiple 

chunks and encodes a source video at different rates. The client does two tasks: 1) 
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periodically measures server-to-client bandwidth; 2) chooses the maximum coding rate 

sustainable given current bandwidth. However, this streaming technology still has some 

challenges with the problems of frequent and sudden change of the network. For example, the 

challenge could be a change in video quality along with the network condition. 

In this paper, we propose a prediction bandwidth method to solve the problems of frequent 

network changes such as bandwidth. We implement our proposed method in a DASH-based 

open source. Besides, we evaluate the performance of the method in comparison with 

previous works. This paper is organized as follow. We describe the related works in Section 

2. Details of proposed method are given in Section 3. Section 4 describes and present the 

method performance. Finally, we conclude this research in Section 5. 

 

2. Related research 

Adaptive Bitrate Streaming (ABS) is an approach of distributing multimedia content from 

a server to a client end-user. The approach is HTTP-based which use HTTP as the 

transmitting protocol to deliver the content over the networks. Thus, it receives many benefits 

from the HTTP-based technology such as packets can traverse the firewall and devices 

without having many difficulties in a Network Associate Translation (NAT). Besides, a server 

and a client do not require a persistent connection between them, and the server does not need 

to retain session information on the client.  

The ABS technique works by encoding a multimedia media source at different bit-rates 

such as a video file with different resolutions. The bit-rates vary from low quality to high 

quality to serve a user in all conditions of the network bandwidth. The technique then divides 

each bit-rate into multiple chunks. Continually, each chunk divides into small parts or 

segments with a duration length which varies from two to ten seconds. All the information of 

the segments and chunks are included in a manifest Media Presentation Description (MPD) 

file. The information contains chunks location, segment duration, type of bit-rate, etc. By this 

way, a playback client can recognize the multimedia stream aiming to create multimedia 

streaming. The client usually does two tasks to create the streaming. It first measures its speed 

connection to a server streaming. It then chooses the appropriate bit-rate which is sustainable 

to the given measurement. The advantage of the technique is that it can switch the streaming 

among the different bit-rates automatically without awareness of a user. If the network speed 

is greater than a certain bit-rate, then it requires downloading the next adjacent higher bit-rate. 

While most of the previous research focused on a client side, the authors [2] formed a 

problem of finding a set of representations in adaptive streaming because no any scientific 

study supported the problem. They addressed that the issue of network changes can be solved 

if we have forecasting algorithms. The Crystal-ball algorithm [3] considered buffer 

occupancy and bitrates to predict bandwidth. They also analyzed when the predictions are 

useful, what effect of prediction quality on performance. Their experiment results showed that 

prediction-based algorithms improve the quality of service (QoS). However, their research 

did not pay attention to the value of bandwidth before the present time. It might result in 

incorrectness prediction results. In the other hand, Geo-predictive crowdsourcing [4] has an 

approach on clients’ previous download experience. Their crowdsourcing-based algorithms 

outperformed all other methods regarding QoS. They used client’s buffer level and current 

segment to predict bandwidth without considering last bandwidth values. If they could 

combine the earlier bandwidth values and the buffer level, the result might significantly 

improve.These things motivate us to come up with the idea of bandwidth prediction based on 

a number of factors such as the buffer leveland bandwidth. 
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3. Mathematics modeling and system propose 

In network communication, we must consider many parameters to ensure the stability of 

network conditions as it is susceptible to fluctuations. Within a certain amount of time, we 

collect a set of the parameters, such as a communication speed measurement, a number of 

packages transmitted.We use two mathematic techniques in this research. First, we use a 

moving average to estimate the average bandwidth of a client. More specifically, moving 

average first averages the initial data set to get the first element. It then calculates the next 

element based on the last averaged data. The process is continuously repeated over the time 

until we stop the calculation.Secondly, we use fuzzy logic [5] to infer whether bandwidth is 

increased or decreased. We then predict a bandwidth value of the client. 

In adaptive streaming, we consider two factors: 1) a bandwidth value of a client; 2) an 

interval time between two different segment requests. Suppose that at the given time𝑡, the 

bandwidth value of the client is𝑏𝑡 .We name bandwidth requirement for high, medium and 

low-resolution streaming, is𝑏ℎ ,𝑏𝑚 ,𝑏𝑙 .If𝑏𝑡 > 𝑏ℎ , a client can retrieve the high resolution 

streaming. 

Wn+1 =  𝑊𝑛 +
𝑏𝑛+1−𝑊𝑛

𝑛+1
.                       (1) 

 

Un+1 =  𝑈𝑛 +
𝑡𝑛+1−𝑈𝑛

𝑛+1
.                          (2) 

𝑅𝑛+1 =  𝑅𝑛 +
𝑟𝑛+1−𝑅𝑛

𝑛+1
.                          (3) 

Given a time series{𝑡0, 𝑡1 , 𝑡2 , … , 𝑡𝑛}, bandwidth values at those time is {𝑏0 , 𝑏1 , 𝑏2, … , 𝑏𝑛}, 

response resolutions {𝑟0 , 𝑟1, 𝑟2 , … , 𝑟𝑛}, then we calculate a moving average of the bandwidth 

𝑊𝑛+1, the interval time 𝑈𝑛+1, and the resquest resolution 𝑅𝑛+1 by (1), (2) and (3). 

In the fuzzy logic modeling, we define seven linguistic sets are allowable to describe the 

variables of one’s subjective judgment: 1) Negative High Difference – NHD; 2) Negative 

Medium Difference – NMD; 3) Negative Low Difference – NLD; 4) Difference – D; 5) 

Positive Low Difference – PLD; 6) Positive Medium Difference – PMD; 7) Positive High 

Difference – PHD. To specify the difference, we first normalize the transmit rate of each 

resolution and use a trace-back technique. The trace-back is based on the logic of the current 

state of an event relates to its previous states or occurrence of an event is caused by previous 

states. 

Table 1. Fuzzy inference rules, the left outer column is bandwidth linguistics 

B/T NHD NMD NLD D PLD PMD PHD 

NHD PLD D NLD NLD NLD NHD NHD 

NMD PLD D NLD NMD NMD NHD NHD 

NLD PLD D D NLD NMD NMD NHD 

D PLD D D NLD NLD NMD NHD 

PLD PLD PMD D D NLD NMD NMD 

PMD PMD PMD PLD D D NLD NLD 

PHD PHD PHD PMD PLD PLD D D 

 

We measure the client's bandwidth each time when it creates a request segment to the 

server. Each request is called a step. Suppose that we trace-back within k steps (𝑘 ∈ 𝑁+), We 

compare a subtraction between the moving average and a bandwidth/time value at present, 
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with that subtraction at earlier times. It results in a value that can be greater or less than one. 

Therefore, we normalize the value by comparing with the minimum different and maximum 

different bandwidth/time. The normalized resultis in a range between -1 and +1. The degree 

of difference is defined in (4) and (5). 

db =
1

𝑘
  

 𝑏𝑖−𝑊𝑖 

𝑏𝑛+1−𝑊𝑛+1
×

min 𝑙=𝑛+1−𝑘,𝑛 ( 𝑏𝑙−𝑊𝑙  )

max 𝑙=𝑛+1−𝑘,𝑛 |𝑏𝑙−𝑊𝑙 |
 .𝑛

𝑖=𝑛+1−𝑘                          (4) 

dt =
1

𝑘
  

 𝑡𝑖−𝑈𝑖 

𝑡𝑛+1−𝑈𝑛+1
×

min 𝑙=𝑛+1−𝑘,𝑛 ( 𝑡𝑙−𝑈𝑙  )

max 𝑙=𝑛+1−𝑘,𝑛 |𝑡𝑙−𝑈𝑙 |
 .𝑛

𝑖=𝑛+1−𝑘                             (5) 

The fuzzy system has three main calculation processes. First, we form fuzzy input values 

of the system as (4) and (5), and this process is referred to as fuzzification. Then user or 

expert’s knowledge is used as “if and then” rules to inferafuzzy output, and this process is 

called inference. Finally, the system defuses the input value to calculate the output system, 

and this process is also known as defuzification. 

In this research, we use Mamdani fuzzy model [6]. A triangular fuzzy number represents 

each linguistic value. It has a triangle-shaped membership function that can be viewed as a 

probability distribution.The fuzzy system has two input parameters that are a bandwidth 

valueof a client and downloading time of each segment. The output is a bandwidth prediction 

value. In the system, we have total 49 rules. We use the rules to infer output from the given 

inputs as shown in Table 1 where B/T represents the bandwidth and the time interval.  

We describe the table as, if the bandwidth is Negative High Difference (NHD) and the 

interval time is Positive Low Difference (PLD), then the new request segment is High 

Difference (HD), or the clientrequests higher resolution streaming compared to the previous 

segment resolutions. More specifically, we describe HD as, the bandwidth/interval time at 

present highly increases compared to previous values. In opposing, VSD means that the 

bandwidth/interval time at present dramatically decreases compared to the previous 

values.With the same idea as mentioned above, we can also predict bandwidth at the next 

client request. 

𝑟𝑛+1 = 𝑅𝑛 +
1

𝑘×𝑑𝑟
   𝑟𝑖 − 𝑅𝑖 ×

𝑚𝑖𝑛 𝑙=𝑛−𝑘,𝑛 ( 𝑟𝑙−𝑅𝑙  )

𝑚𝑎𝑥 𝑙=𝑛−𝑘,𝑛 |𝑟𝑙−𝑅𝑙 |
 .𝑛

𝑖=𝑛−𝑘         (6) 

In the above fuzzification process, we formed an input parameter by comparing the 

difference between the present value and the previous value within k steps. Therefore, the 

defuzification process must inverse the formulation. Suppose that, 𝑑𝑟  is a fuzzy output of the 

system at the present time. 𝑟𝑛+1is the real resolution output after the defuzification process. It 

is calculated by (6), where 𝑅𝑙  is calculated by (3). 

 

4. Experimentation and evaluation 

In the experiment, we set up a system which has four components. First, a playback mobile 

client on Android-LibDash-based [8] where we implement the proposed method. Second, 

FFmpeg software is to encode a source file into different qualities. Third, MP4Box software 

is to divide those files into segments and create a manifest file that links to the segment files. 

Fourth, a Node.js [9] server stores an uploaded file from a user; then it segments the file into 

small segments. 

We ran the system in two scenarios and compared the proposed method with the Crystall 

Ball Algorithm [3]. First, we connected the mobile user with a Wi-Fi 5G to have a video 

streaming with the server. We then went away and moved closer to the Wi-Fi to have a 

bandwidth fluctuation. Second, a mobile user has subscribed to 4G service in South Korea. It 

also moved around an urban area and a remote area.In the MPD file, we have the bandwidth 
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requirement for 4K video at 2160p is above 18367178 bps/s. The bandwidth requirement for 

720p videois above 1381427 bps/s, and the bandwidth requirement for lowest video 

resolution at 480p is above 730448 bps/s.  

 

Figure 1.Bandwidth fluctuation and result of bandwidth prediction. 

 

Figure 2.Variation of buffer length. 

 

Figure 3.Variation of video representations in adaptive streaming. 

In Figure 1, the red line is bandwidth estimation of the CrystallBall. The blue line depicts 

the bandwidth estimation of our proposal method. In this experiment, we only anticipated the 

average bandwidth one step ahead. We can predict the value of bandwidth by more than one 

step. The values will be predicted based on the predicted values. As shown in Figure 1, the 
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green line does not vary much compared to the CrytallBall shown in the red line, and it closes 

to the average bandwidth. In addition, in Figure 2, the green line depicts buffer length of the 

proposed method.It is higher than the red line which is the buffer length of compared method. 

The red line even reaches zero value more than the blue line.Furthermore, in Figure 3, our 

approach has also reduced the variability of video representations compared to the 

CrystallBallmethod. 

 

5. Conclusion 

In this paper, we presented the fuzzy-based method to reduce the mobile video quality 

fluctuation of the high-quality video-streaming in adaptive streaming over HTTP. We 

exploited two mathematic techniques, which are moving average and fuzzy logic, to 

anticipate bandwidth values. The experiment results showed that our proposal reduced the 

fluctuation of bandwidth compared to the previous research.For future work, we plan to 

extend the method with some additional parameters such as buffer length, crowdsourcing. 

Furthermore, we intend toinvestigate more in the ultra-high definition multimedia 

transmission for a mobile device over the network by cooperating the proposed method with 

the most recent advantage video compression techniques. 
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