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Abstract—This paper introduces data communication and 

flexible data compression methods in SIGMA, the application 

framework we are developing. Recently, various kinds of 

wireless communication technologies and sensing devices have 

been developed. Hence, the opportunity of transmitting images 

and other large-volume data via the Internet is expected to 

increase. We consider specifying a region of interest (ROI) on 

spatiotemporal axes to reduce data size of unnecessary areas. 

This can be achieved by projecting a three-dimensional space 

which represents a ROI onto an image. To confirm the 

usefulness of this mechanism, we prototyped the ROI function 

in the WebP image format. 

Keywords—framework, image compression, data transmission, 

region of interest, WebP  

I. INTRODUCTION 

Recently, the price of devices which can be used for 
collecting information in public spaces, such as surveillance 
cameras installed at the side of a road and unmanned aerial 
vehicles (UAV) equipped with a camera, is decreasing. In the 
near future, the collected data from them will be widely used 
in Intelligent Transport Systems (ITS). For example, the data 
collected from sensors will be passed to a navigation system 
to estimate precise traffic conditions, or the data will be used 
to visualize blind areas around a vehicle based on diminished 
reality technology. 

For the wireless communication studies recently, it is 
gathering attention that fifth-generation cellular wireless 
technology (5G) services have been launched in several 
countries, which is a new information communication 
infrastructure that enables non-congested data transferring of 
large-volume data. It is expected that 5G will provide a low-
latency wireless data transmission channel [1]. Therefore, 
spreading the 5G network will make it possible to send data 
from sensing devices such as cameras and UAVs. However, 
mobile data traffic is increasing and the volume of mobile 
traffic in the 2020s would be at least 1000-fold larger than that 
of 2010 if the current rates of growth continue in the future [2]. 
In this point of view, data compression is required since 
transmitted data should be delivered with minimal delay for 
making it possible for application users to receive real-time 
fetched data. Moreover, it is supposed that transmission 
channel congestion may occur in some areas, which will cause 
high latency. 

We are aiming at developing a system which can manage 
data acquired from sensing devices in practical use. Data in 
the framework is managed based on the time and space axes, 
hence we call it spatiotemporal data. In order to provide data 
delivery as a service, this system is proposed as an application 
framework, named SIGMA (Spatiotemporal Images with 
Generalized Management Architecture), in which developers 
can build various applications using spatiotemporal data. 
Additionally, the framework provides developers with various 
APIs to handle spatiotemporal data. These APIs will help 
developers with searching and processing spatiotemporal data. 
Spatiotemporal data stored and handled on this framework 
includes images and videos sent from camera devices on 
UAVs, roads, and vehicles and three-dimensional point cloud 
data measured by LiDAR sensors, which may be large in 
capacity. 

For ITS-related studies recently, considering the vehicle 
communication system is the major interest, such as Vehicle-
to-Vehicle (V2V) communication, Vehicle-to-Infrastructure 
(V2I) and Vehicle-to-Everything (V2X) communication. 
Conventional data storage servers supposed that they fetch 
data only from limited kinds of hardware that are configured 
when the server was newly established, hence it was hard to 
add an unsupported kind of hardware. In this situation, it is 
difficult to aggregate the servers which store different kinds of 
data. Along with that, if data from the sensing devices is not 
treated uniformly, it may not be able to distribute the data to 
each application in an optimal manner. We aim to solve 
problems caused by scattered data by fetching and delivering 
that kind of data. In addition, the framework server is 
supposed to have a high calculation capability. Since the 
various kinds of data gather in the framework server, the 
mechanism for processing a large amount of data will be 
required on it. 

Our goal is to design data communication and flexible data 
compressing methods in SIGMA framework and enabling for 
framework users to develop various kinds of applications 
which employ spatiotemporal data. In this paper, we propose 
these methods and confirm their serviceability through 
experiments. 

II. RELATED WORK 

There has been a significant interest in applying 5G 
communications for ITS applications. Kombate et al. 
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proposed the advantages of 5G communication model for 
implementing the Internet of vehicles environment based on 
the specification of the 5G technology [3]. 

Creating vehicular social networks provides a wide variety 
of application fields including entertainment applications [4]. 
Sánchez et al. proposed a framework for deploying 
cooperative services for improving the safety of vulnerable 
road users [5]. 

Thanks to the development in sensing technology, 3D 
point cloud data is generated easily. However, this kind of data 
need to be compressed due to the bandwidth problem. 
Wiemann et al. presented an approach to compress 3D 
environment models using Draco, the open-source 
compression library developed by Google [6]. As an approach 
to compress 3D environment data using existing data 
compression technology, Tu et al. applied compression 
methods based on MPEG and JPEG to point cloud data [7]. 

Considering applying the region of interest (ROI) is often 
done in the field of image compression. By specifying ROI to 
an important area of the data, non-ROI area will be 
compressed strongly and efficient compression can be 
achieved. For ITS applications, Xia et al. presented an 
approach which extracts ROI based on vision image 
processing in an ITS system [8]. Basri et al. proposed ROI 
adjusting method under heavy traffic condition [9]. The 
compressing data with ROI is not limited to the image files. 
Sandri et al. introduced the point cloud data compression 
incorporating ROI coding [10]. Conventional methods of 
applying ROI are used for the general two-dimensional or 
three-dimensional spaces. Hence, we need to design the ROI 
applying method that matches the concept of the framework. 

III. DATA COMMUNICATION METHOD 

In this chapter, we consider the data communication 
method in SIGMA framework.  

A. Overview of Data Communication 

Our framework needs to be able to store and deliver 
spatiotemporal data comprehensively. Therefore, it is 
important for the framework to provide data delivery methods 
according to the data’s usage and/or type so that the 
framework is applicable for the advanced use of the data from 
various sensors. Accordingly, we argue the data 
communication method on the framework with the following 
assumptions:  

• Application developers implement features which 
they provide using this application framework. 

• Implementations related to the network connection 
are done with APIs provided by the framework. 

• The Internet connection is used to connect between 
the framework server and each client.  

 
In this study, we aim to make a design of the connection 

flow on our framework by selecting existing mechanisms such 
as networking protocols. This will lead to ease of 
implementing applications with our framework and 
usefulness of data sensed on the environment where the 
application runs on.  

B. Applying UDP-based Connections 

For sensing devices connected to the framework server, it 
is required to upload sensor data with a minimal delay so that 
applications developed with the framework can get such data 

immediately. With reference to the study for the Internet 
connection faster, the QUIC transfer protocol is developed by 
Google [11]. This protocol runs on UDP, hence it will help its 
quickness by avoiding the initial TCP handshake mechanism, 
which causes high latency. In order to achieve faster data 
transferring, it is suggested to use UDP-based file transfer 
since TCP has its essential delay including its flow control and 
congestion control process for fulfilling connection-oriented 
communication. We consider supporting this protocol for 
faster connections when clients have the support for that.  

C. Connection Flows 

The connection cases on the framework are expected to be 
shown in Fig. 1.  

First, clients (connection nodes with sensing devices) 
upload spatiotemporal data including image files, video files, 
and three-dimensional point data files to the framework server 
(hereinafter, this is called “case A”). Next, clients 
(applications developed with the framework) send a search 
request to the framework server (hereinafter called “case B”). 
After the existence of the requested file is confirmed by case 
B, connections for downloading data to clients (applications) 
are generated (hereinafter called “case C”).  

Among these three cases, the quick deliverability is 
especially required in case A. In case A, uploading data 
fetched by sensing devices should be sent to the framework 
server. This is because the framework should respond to the 
demand for using the newly sensed data by the framework 
users.  

In case C, the connection type between the framework 
server and clients are selected from the real-time oriented 
connection or the conventional connection based on the 
specification of data and the environment of the client.  

IV. DATA COMPRESSION METHOD 

In this chapter, we focus on the data compression method. 
For the first step of considering the data compression method, 
we chose image files for the subject to be compressed.  

A. Overview of Data Compression 

Since data treated on the framework is assumed to be 
transmitted over the Internet and the qualities of the 
connection channel vary from client to client, data 
compression will be needed to them. For lossy compression, 
there is a trade-off relation between the data quality and data 
size. The compression on the framework is suggested to be 
flexible depending on the characteristics of each data, as the 
framework is designed to provide plural data type suitable for 
the demand of the client. Accordingly, we adopted the ROI 
technique, which is used for wide applications, for instance, 
image or three-dimensional measuring point group data files. 

 

Fig. 1: Connection cases of the framework 
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Since image files on the framework are subject to be used 
for various applications, these must be stored to the 
framework service in lossless or high-quality condition, which 
requires large file size. However, compressing the image files 
for the whole each image file will result in a bad image quality, 
which is not suitable for advanced use. On the other hand, 
delivering entire spatiotemporal files via the Internet will 
result in overspending the public communication channel, 
which causes the increasement of the cost of the server 
management. 

Accordingly, we adopted the image compression method 
with the ROI function to the framework; thus, this will enable 
us to compress an image with plural compression parameters. 
For the first step of suggesting the application field of ROI, 
we decided that vehicles and road environments are subject to 
a supposed usage in this paper. With the ROI function, ITS-
related applications can be widely developed.  

B. Data Compression Provided on the Framework Server 

The kinds of data provided on the framework server are 
suggested as below. The clients are allowed to use one of them 
reflecting their demands. 

• Original data: The framework server sends the data 
stored on the server’s database without any 
modification. This is used for applications which 
require high-quality data for their functions and don’t 
have a limitation of processing time, or the data is not 
capable of compression. 

• Lossless compressed data: This is applicable when 
the client needs high-quality data and the data type is 
able to be compressed with the existing compression 
methods. The connection time and bandwidth 
consumed will be reduced under the limited 
connection environment. 

• Lossy compressed data: This type of data on the 
framework is broadly classified into compressing the 
whole data with one parameter and compressing the 
data with several parameters. The latter case includes 
ROI-enabled compression with axis and quality 
parameters. 

 

For providing lossy compressed data, the ways to specify 
the ROI area are suggested as below. 

• Applying moving object detection: This method is 
assumed to be used in the roadside camera module. 
Based on the image of the road with no vehicle or 
pedestrian, the region of vehicles and pedestrians can 
be detected. 

• Applying vehicle detection system: With the analytics 
engine of vehicle detection [12], the specific region of 
vehicles is able to be decided.  

• Combining with detection of suspicious vehicles: 
More than methods mentioned above, detection 
approaches of suspicious or dangerous vehicles are 
useful especially for violative vehicle photographing 
systems. Detecting over speeding vehicles is a typical 
example [13][14]. 

• Applying a license plate recognition system: Likely 
the suspicious vehicle detection, it is effective for the 
enforcement systems for traffic violations. In addition, 
the application of vehicle searching is suggested with 
image files fetched from camera hardware installed in 
city streets. 

• Applying object detection based on LiDAR on 
vehicles or distance sensors: When this kind of 
hardware is equipped on vehicles for consumers, the 
ROI area can be selected for cameras installed on 
vehicles. 

• Selecting the road area of the camera’s field of vision: 
This method is effective for roadside cameras and 
other fixed camera hardware. The ROI in this way 
should be configurated and sent to the framework 
when the camera is newly installed or moved to the 
current place. 

• Request the application user to select the ROI area: 
This approach is supposed to be used in the situation 
that the connection bandwidth is exceedingly limited. 
The workflow is as follows; First, the user gets the 
image which is sorely compressed. Then, the user 
selects a ROI area and sends it. Finally, the framework 
compresses the original image based on the ROI 
information sent. 
 

Since these techniques enable the framework to reduce the 
bandwidth spent without extra processing such as setting 
compression parameters manually according to the weather or 
time of the day, the convenience of ROI feature on the 
framework is improved. 

The ROI feature will be implemented on the framework 
server. This will be helpful for IoT hardware with minimal 
computing power by cloud computing. Additionally, 
developing applications with the framework will be easy since 
ROI-related implementation is not required on the clients. 

C. Specifying ROI to Spatiotemporal Axes 

Our framework has a function to extract data which is 
facing a specified area from the spatiotemporal database. 
Using this function, we implemented a mechanism to specify 
ROI on the spatiotemporal axes on our framework. Since the 
framework gathers a huge number of spatiotemporal data from 
many sensors, it is essential to specify ROI in the 
spatiotemporal axes. Fig. 2 shows an example of specifying 
ROI in the spatiotemporal axes in which a cubic shape 
represents a three-dimensional ROI space and it is projected 
onto the camera image to specify the ROI area. This will make 
it possible for plural sensors to use the same ROI space. For 
instance, if the framework is used for developing a three-
dimensional image reconstruction application for the accident 
black spots, only a tiny part of each image file is required for 
three-dimensional image reconstruction. The database 
connected to the framework server can extract sensor devices 
whose data include ROI areas. We implemented several APIs 
to filter data by specifying spatiotemporal axes in the real 
world. 

D. Implementation Details of ROI Feature 

By compressing data on the framework with the ROI 
feature, data communication can be made efficient. In this 
study, we chose to compress image files with ROI feature 
based on WebP lossy image compression [15]. This is because 
WebP image format is released as open-source and made for 
compressing image files better than conventional image 
formats such as JPEG or GIF using some techniques including 
adopting the prediction coding. The original WebP image 
compression does not implement ROI feature, therefore we 
implemented that to WebP lossy compression by reusing the 
existing segments system on the WebP. The segment is 
originally used for adaptive block quantization, which yields 

2020 IEEE 9th Global Conference on Consumer Electronics (GCCE)

978-1-7281-9802-6/20/$31.00 ©2020 IEEE886



efficient compression by redistributing data to the complex 
area of the image. WebP lossy compression is based on VP8 
video compression format, whose bitstream is designed to 
have a maximum of four segments [16].  

We implemented the ROI feature on the WebP lossy 
image format by allocating the specific area of the image data 
to the first segment which is used for the ROI area. For this 
segment, compression parameters for higher quality are given. 
On the other hand, compression parameters for lower quality 
are given for the second segment which is used for the non-
ROI area for data reducing with the unimportant area of the 
image. This method was implemented by modifying the 
quantization part of the libwebp-1.0.3 WebP library. 
Macroblocks which have ROI area are set to the first segment, 
while the other macroblocks are set to the second segment.  

V. EXPERIMENTS 

For the first step of considering the data compression 
method with ROI on the spatiotemporal axes, we chose image 
files as the subject to be compressed. In this experiment, we 
specified a three-dimensional ROI by a cubic shape as a 
simple model. By projecting the cubic shape onto the image, 
we got a rectangle ROI area. We conducted an image 
compression experiment with the implemented ROI-
supporting WebP image encoder. We compressed an original 
image with the ROI space which includes a license plate of a 
vehicle. Then, we also generated another compressed image 
without the ROI space for comparison which has almost the 
same file size of the ROI-specified image by “-size” option 
implemented on an official libwebp library.  

The cropped images of the license plate are shown in Fig. 
3. For validation of the image quality, we calculated the 
structural similarity (SSIM) index between the original image 
and compressed images, with or without ROI.  

Based on the results of compressed images, we have 
concluded that image compressing with the ROI feature can 
compress image files lossy while keeping the image quality of 
ROI. Under the almost same file size, the cropped field of the 
ROI-enabled result was extremely close to 1.0 in the SSIM 
index, which means that the quality of the original image is 
represented on the compressed image. On the other hand, the 
result of non-ROI compressed indicated the SSIM of 0.8365 
which shows the loss of the image quality. Therefore, this ROI 

feature is effective as a method for communicating the stored 
data sensed from the real world without losing the important 
part of it. 

For the validation of the effectiveness of the ROI-enabled 
image compression for plural image files, we applied the ROI-
enabled compression for 78 PNG image files (60,207,153 
bytes in total) of a clock tower (Fig. 4). We manually set the 
ROI area for each image file. As a result, the set of the 
compressed image file was 6,191,306 bytes. We confirmed 
that each image file of the result has a ROI, where the image 
quality of the clock tower is kept as the original image file. 

VI. CONCLUSION 

This paper describes data communication and 
compression methods for our application framework which 
provides developers with various APIs for advanced use of the 
spatiotemporal data. For the data communication method, we 
argued that data transmission with the UDP-based connection 
is effective for real-time data uploading to the framework 
server. For the data compression method, we verified the 
useableness of image encoding with the ROI feature on 
spatiotemporal axes. In the future, we will design and 
implement ROI feature for three-dimensional point cloud data 
to achieve efficient communication on the framework.  
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