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Abstract: Crowd sensing refers to capturing the data 

from the individuals through various means. As the 

growth of smart phones and wearable technologies are 

on the high, they are useful for obtaining data through 

their sensors. Common sensors used in smart phones 

such as GPS, accelerometer, camera, etc are helpful to 

know the individual’s location, their speed, and their 

surrounding environment. In wearable technologies 

pedometer and many health related activities such as 

heart rate measurements, sleep monitoring, etc are 

known. These data captured through the sensors, when 

shared with other individuals will be helpful in one-way 

or another. Crowd sensing applies to various fields like 

healthcare, smart cities, vehicular transportation, etc. 

and it is also used in certain emergency conditions. As 

the increase of population is imminent, deploying fixed 

sensors will no more be cost-effective. So crowd 

sensing plays a vital role in many fields as mentioned 

above. When sensing the data from mobile devices, 

images and videos of the individuals carry more 

information than the sensors like GPS, gyroscope, 

compass, etc. The major challenge in video collection is 

that it takes a large amount of memory and processing 

power consumption as the size of these files grew large. 

In such cases, it will be very much difficult to transmit 

the data collected into the cloud. The objective of this 

paper is to reduce the size of video and at the same time 

retain the quality to an extent by optimizing an existing 

transcoding algorithm and the transcoded video is then 

uploaded to the cloud as well as to a web server so that 

the captured videos are accessible to all users.  

Keywords: Crowd sensing and crowd sourcing, 

Internet of things, Mobile computing, Ubiquitous 

systems, Video transcoding. 

 

1.  Introduction 

 
Internet of things (IOT) is one of the fastest growing 

technologies in the world. It is the evolution of the 

internet and one of the major trends in embedded 

systems. It is expected that 21 billion devices are going 

to be connected to the internet by 2020 [1]. The rise of 

IOT can be owed to the enabling technologies such as 

ubiquitous connectivity, miniaturization, computing 

economics, the rise of cloud computing, etc. Use of 

these technologies also plays a vital development in 

mobile devices like smartphones, smart watch, etc., 

which plays a major role in crowdsensing. 

Crowdsensing is a technique where a large group of 

individuals collectively shares sensor data from any 

sensor-equipped devices and enable  the extraction of 

information to measure, map, analyze, estimate or infer 

(predict) any processes of common interest. 

 

 
Figure 1.  Overview of the System 

2.  Related Works 
 

Raghu K. Ganti, Fan Ye and Hui Lei [9] discuss the 

working of mobile crowdsensing and how it can be 

effectively used with the internet of things and how it 

can impact the future. It also discusses various mobile 

transcoding applications and its characteristics. Some 

of the mobile transcoding applications are also 

reviewed and some of the key challenges that mobile 

transcoding face and their solutions are also effectively 

illustrated. 

Bo-Shen, Wai-Tian Tan and Frederic Huve [10] discuss 

the video transcoding mechanism available in mobile 

environments extensively. They showcase that video 

transcoding when designed intelligently can use the 

content from the input to the fullest and it is one of the 

best content-adaptation solutions for media 

communication in mobile environments. They also 

show that video transcoding can improve the 

interactivity of mobile application in a core network 

infrastructure and they increase the quality of video in 

mobile environments. 

Zhenhua Li, et.al [11] proposed and implemented a 

cloud transcoder that transcodes video in the cloud. The 

cloud transcoder only requires the URL of the available 

video and the parameter required for transcoding, it 

then transcodes the video in the cloud and delivers the 

output video back to the user. To overcome the 

resource allocation problem for video transcoding in 

cloud computing Fereed Jokhio, Adnan Ashraf, 

Sebastien Lafond, IvanPorres and John Lilius [12] 

proposed algorithm to scale the video transcoding 

service on a given Infrastructure as a Service cloud. 

These studies [11, 12] are only applicable to users that 
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Figure 2.  Storage of videos in dropbox Figure 3.  Video player in the webserver for 

collected videos 
have the ability to be always connected to the internet 

and require transcoding on-the-go.  

For the users that does not have the luxury of always 

connected to internet Hua-Jun Hong, Ching-Ling Fan, 

Yen-Chen Lin and Cheng-Hsin Hsu [8] proposed an 

algorithm to optimize the video by optimally selecting 

the video parameters such that they have reduced size 

and higher quality. They also proposed a real-time 

algorithm to select the best protocol under different 

conditions of the network in real-time. The Protocol 

selector selects the best protocol to upload the sensor-

rich videos to the video database. They also implement 

an algorithm to search the videos overlapping with a 

target geographical region in the cloud database. The 

above- mentioned algorithms are evaluated through 

different experiments and simulations. Apart from these 

algorithms they compare and contrast three mainstream 

open source cloud database and discuss their merits and 

demerits. 

As the size of the videos is increasing, the storage space 

getting reduced which results in dropping off videos. 

To overcome this problem Shu-Ting Wang, Ching-Ling 

Fan, Yi-Ying Huang, and Cheng-Hsin Hsu [13] 

proposed an Adaptive Transcoding Algorithm (ATA) 

that transcodes the stored video which leads to less 

storage space and minimal quality degradation. It is 

done by selecting the best video representation based 

on frame rate, quantization parameters, and resolution, 

which minimizes the quality degradation when 

transcoding the stored videos. The algorithm’s 

performance is evaluated for PSNR (Peak Signal-to-

Noise Ratio), energy consumption and improvement on 

delay by comparing with other baseline algorithms. 

3.  System Architecture 

 

The overview of the proposed system is shown in 

Figure.1. The wearable device chosen in this system is 

Raspberry Pi2. Raspberry Pi2 is a single-board  

computer, which is equipped with a Broadcom 

BCM2835 SoC (System on Chip), which integrates a 

700-MHz ARM117JZF-S core CPU, 512 MB of RAM 

and a Broadcom video core IV GPU [14]. The 

raspberry pi runs on Raspbian Jessie Operating System 

(OS) and the system runs on 16 GB SD memory card. 

The reason to choose raspberry pi as a wearable device 

is because of its portability and cost-effectiveness. The 

camera module which is available for raspberry pi can 

be connected or a web cam can also be used. The 

camera module or a web cam capture the videos from 

the environment and stores it in the SD card of the 

raspberry pi. The videos are captured continuously until 

it reaches a threshold memory which is set by the user. 

 Whenever the threshold is reached the transcoding 

algorithm gets triggered and starts the transcoding 

process. The transcoding algorithm will reduce the 

storage size of the video and after the transcoding 

process is finished the storage space gets updated, then 

the videos will be sent to the cloud or to a web server. 

The transcoded videos can be viewed by users on 

laptops/PCs, smartphones or tablet through the internet. 

In this process, the videos were captured using libav 

tools, encoded by H264 and the algorithm was 

implemented using python. The optimization 

techniques of the algorithm, its implementation and 

their results are discussed in the following chapters. 

 

3.1.  Techniques  for Optimization 
 

Some of the key techniques that are required to 

optimize the algorithm proposed by Hua-Jun Hong, 

Ching-Ling Fan, Yen-Chen Lin and Cheng-Hsin Hsu 

[8] are briefly discussed below. 

 

3.2.  Variable Bit Rate 

 
Variable Bit Rate (VBR) is a technique where the 

bitrate dynamically increases or decreases based on the 

target value set by the user, that is the bitrate gets 

adjusted based on the frame’s complexity. Bitrate gets 

increased for segments whose complexity is high, 

whereas for segments with lower complexity the bitrate 

gets reduced, the user can set the maximum and 

minimum bitrate for the video. 

3.3.  Two-pass Encoding 

Two-pass encoding is a type of encoding method where 

encoding starts by analyzing the source video first and 

then from the analysis the encoding is done to obtain 

the best quality. The analysis of the source video is 

stored in a log file and the data from the log file is used 
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Table 1.  Segment size measure of various 

optimization techniques for different time period 

S.NO TIME 

(s) 

VBR 

(MB) 

CBR 

(MB) 

ATA 

(MB) 

OATA 

(MB) 

1 100 3 2.5 2.9 2.5 

2 200 6 4.8 5 4.5 

3 300 9 7.2 7.1 6.5 

4 400 9.7 9.6 9.3 8.6 

5 500 15 12 11.5 10.7 

6 600 18 14.5 14.1 12.7 

 

Table 2. Video quality measure of various 

optimization techniques for different time period 

S.NO TIME 

(s) 

VBR 

(dB) 

CBR 

(dB) 

ATA 

(dB) 

OATA 

(dB) 

1 100 27.9 28 23.1 25.7 

2 200 28.3 28.3 23.6 26.1 

3 300 28.6 28.6 23.9 26.5 

4 400 28.8 28.8 23.9 26.6 

5 500 29.1 29 24.4 26.8 

6 600 29.4 29.3 24.4 27.1 

 

 

Figure 4.  Analysis of various optimization 

techniques 

Table 3.  Improvement of OATA over ATA in 

terms of segment size 

S.NO TIME 

(s) 

ATA 

(MB) 

OATA 

(MB) 

Reduction 

in 

Segment 

Size (%) 

1 100 2.9 2.5 13.79 

2 200 5 4.5 10 

3 300 7.1 6.5 8.45 

4 400 9.3 8.6 7.52 

5 500 11.5 10.7 6.95 

6 600 14.1 12.7 9.92 
 

to encode the video, this method is used to achieve a 

specific output size of a video. 

3.4.  Constant Bit Rate  

Constant Bit Rate (CBR) is an encoding technique 

where the bitrate remains constant throughout the video 

regardless of the complexity of frames present in the 

video. CBR is mainly used for streaming where the 

video needs to be encoded quickly. The quality is 

compromised in this technique because it encodes the 

entire frames to the same value set by the user. 

3.5.  Constant Quantization 

Constant quantization is another encoding technique 

where the quality is maintained constant thought the 

video it is controlled by quantization parameter (QP) 

which is set by the user. This technique compresses the 

video based on the same value set by the QP regardless 

of the frame. The QP value in H.264 encoder ranges 

from 0 to 51, 0 being lossless video where bitrate is 

highest and with the increase in the value of QP the 

bitrate starts to reduce which gives lesser quality. 

3.6. Constant Rate Factor 

Constant Rate Factor (CRF) is a method to control the 

bitrate of a video by compressing frames based on their 

motion or complexity as the human eye perceives less 

detail when the object moves in the video than when 

they are still. So, more compression can be performed 

for moving objects than for objects that are still. The 

same QP controls the CRF but instead of keeping the 

same QP throughout the video it varies the value based 

on the frames. CRF can be varied from 0 to 51 where 0 

is lossless and 51 being the worst possible value, the 

values between 18 and 28 are considered to be sane 

values.  

3.7.  Implementation 

 

The process of implementation is divided into two 

phases the first phase involves the process of capturing 

the video and then implementing various transcoding 

algorithms. In the second phase, the transcoded videos 

are uploaded to the cloud and to the web server. A 
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Figure 5. Improvement of video Qualtiy of 

OATA over ATA vs Reduction in segment size 

of OATA over ATA  

video player for the captured videos is also developed 

in the second phase. 

3.8.  Implementation of Transcoding Algorithms  

The steps involved in the first phase of implementation 

are as follows at first the videos were continuously 

captured from the webcam through raspberry pi, when 

the storage space exceeds the threshold level, Adaptive 

Transcoding Algorithm (ATA) [8] was implemented, 

and the ATA will transcode the videos and update the 

storage space, the videos were captured using avconv 

and the entire algorithm was implemented using 

python. To compare the results of the ATA, other 

baseline algorithms such as Space Driven Algorithm 

(SDA) and Current Approach (CUR) were 

implemented along with it. Upon reaching the threshold 

level SDA algorithm transcodes to the lowest quality 

which results in releasing more space, this was done by 

selecting the lower values of video parameters. Current 

Approach, on the other hand, drops older videos when 

reaching the level of threshold. To optimize the ATA 

various optimization techniques mentioned above were 

implemented individually, the results and its analysis 

are shown in the next section of this document. In this 

work, the average Peak Signal to Noise Ratio (PSNR) 

is considered as the quality of the video segments. 

3.9.  Uploading Videos to Cloud and Webserver 

Once the various optimization techniques were 

implemented the transcoded videos were uploaded to 

the cloud for the purpose of crowdsensing, in this paper 

a popular private cloud called dropbox is chosen [15]. 

The reason to choose dropbox is that they are easily-

accessible, developer friendly, platform independent, 

secure and user friendly. Figure.2 shows the captured 

videos uploaded to the dropbox. The videos were 

uploaded to the cloud using a python script so that they 

are uploaded automatically over a time period.  The 

problem with the private cloud is that only certain users 

can access the cloud, to overcome this challenge, 

videos were also uploaded to a web server where users 

across the globe can access the captured videos through 

the internet. In this paper apache was chosen as the web 

server [16]. To upload the videos from the raspberry pi 

to the web server SSH File Transfer Protocol (SFTP) 

was selected as File Transfer Protocol (FTP) is 

vulnerable to security attacks and they are less secure.  

In the web server, a video player based on HTML 5 

was also developed so that the captured videos can be 

viewed easily. The developed video player in the web 

server is shown in Figure.3. If the raspberry pi is 

connected to public WI-FI then the videos can be 

directly viewed from the raspberry pi through the web 

server installed on it, for a cheaper option of web server 

another raspberry pi can be made as a web server and 

the videos can be uploaded to it. The uploading of 

videos to the web server was also implemented using 

python. 

4.  Results and Analysis 

 

The videos taken into consideration for the purpose of 

implementation are various segments in the range of 60 

seconds to 600 seconds. The optimization techniques 

that are taken in to consideration are VBR, CBR, CQ 

and CRF. The multi-pass or 2 pass encoding was not 

implemented because it takes very long time to 

implement and it is not suitable for optimizing the 

algorithm as transcoding needs to be done at real-time. 

The CQ was used in the ATA, so they are mentioned as 

ATA. Similarly CRF is mentioned as Optimized  

Adaptive Transcoding Algorithm (OATA). After the 

implementation the data are collected and tabulated. At 

first the segment size of different optimization 

techniques are found out and they are displayed in 

Table.1, then the video quality of the techniques are 

taken which is shown in Table.2. 

From the data in Table.1 and Table.2, it is evident that 

OATA takes lesser size than any other techniques, 

whereas VBR and CBR provide higher quality videos 

for different segments. To analyze better the data in 

Table.1 and Table.2 were plotted in a graph. After 

implementing the various optimization techniques they 

are plotted for video quality in average PSNR (dB) 

against the size of videos in Mega Byte (MB). The 

graph is shown in Figure 3 which plots the various 

average PSNR values of VBR, CBR, CQ and CRF.  
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Table 4. Improvement of OATA over ATA in 

terms of video quality 

S.NO TIME 

(s) 

ATA 

(dB) 

OATA 

(dB) 

Improvement 

in Video 

Quality (%) 

1 100 23.1 25.7 11.16 

2 200 23.6 26.1 10.81 

3 300 23.9 26.5 10.98 

4 400 23.9 26.6 10.95 

5 500 24.4 26.8 9.865 

6 600 24.4 27.1 10.8 

 

 

Figure 6. Comparision of ATA and OATA 

As for as CBR is concerned, they are of same quality 

regardless of the size, the challenge in using CBR is 

that it lacks detail and sometimes the videos will get 

blocky if the bit rate was set low. VBR provides similar 

quality to that of CBR but takes much higher space 

than all the techniques. For CQ which was 

implemented in ATA, they are of low size but the 

quality is least among the techniques, this can be 

attributed to the fact that the bitrate of both CBR and 

VBR was set high. CRF is indicated as OATA because 

they are implemented in ATA where the QP was 

replaced by CRF. When CRF gets implemented, the 

size gets decreased in the range of 0.5 to 2 MB, 

whereas the quality increases in the range of 2 to 5 dB 

than CQ which is shown in Table.3 and Table.4 

respectively.  

 

The comparison between ATA and OATA is shown in 

Figure.4 which plots the segment size and video quality 

of ATA and OATA for different segment times. The 

reduction in segment size of OATA over ATA in terms 

of percentage is shown in Table.3, whereas Table.4 

indicates the percentage improvement of OATA over 

ATA. For better understanding of these data, a bar chart 

is presented in Figure.5. In Figure.5 the percentage 

decrease of segment size of OATA over ATA is plotted 

across the percentage improvement of OATA over 

ATA for different time segments. From the graph the 

best segment with lower size and higher quality can be 

chosen. There is the least reduction of 6.95% for a time 

segment of 500 s and at the most reduction of 13.79% 

for video with 100s. When comes to the improvement 

of video quality, least increase of 9.86% for a video 

with a segment of 500s and at the most increase of 

11.16% for video with a segment of 100s. 

From these data and analysis CRF proves to be a better 

replacement for CQ in the ATA. The frame size, 

resolutions are kept same for ATA only the QP is 

changed to CRF, for the consideration of step size 

which needs to be 50% for efficient implementation. 

 

5.  Conclusion 

 

With the increase in the number of connected devices 

through Internet of Things and the growth of mobile 

infrastructure, mobile crowdsensing will be an integral 

part of life. The importance of mobile crowdsensing 

was discussed and the use of video transcoding for 

videos captured for mobile crowdsensing is then 

detailed. Various techniques to optimize the existing 

transcoding algorithm are then discussed and each of 

the techniques was implemented and analyzed to 

optimize the algorithm.  

From the analysis it is seen that the usage of CRF as an 

alternative to QP in the ATA optimizes the algorithm 

with the increase in quality of 2 to 5 dB and reduction 

in size of 0.5 to 2 MB. When comparing the OATA 

with the ATA, there is a maximum of 13.79% reduction 

in segment size and at the same time, there is a 

maximum increase of 11.16%. The existing algorithm 

was also implemented to check the validity of 

optimization and then the transcoded videos are 

uploaded to a private cloud and they are also uploaded 

to the web server so that the videos can be viewed by 

users across the globe.  

In the future a video database can be created based on 

the metadata of the videos so that the videos can be 

searched and sorted. The metadata contains the 

timestamp and other important parameters of the video. 

Many open source databases such as PostGIS, 

MYSQL, Mongo DB, etc., are available which can be a 

good option to create a database for videos. GPS data 

from smart phone can also be embedded with the 

captured video, so that the videos are geo tagged and 

can locate where the videos were collected.  
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