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Abstract 

  The current behavior recognition system don’t match data formats between sensor data measured by user’s 
sensor module or device. Therefore, it is necessary to support data processing, sharing and collaboration 
services between users and behavior recognition system in order to process sensor data of a large capacity, 
which is another formats. It is also necessary for real time interaction with users and behavior recognition 
system. To solve this problem, we propose fog cloud based behavior recognition system for human body 
sensor data processing. Fog cloud based behavior recognition system solve data standard formats in DbaaS 
(Database as a System) cloud by servicing fog cloud to solve heterogeneity of sensor data measured in user's 
sensor module or device. In addition, by placing fog cloud between users and cloud, proximity between users 
and servers is increased, allowing for real time interaction. Based on this, we propose behavior recognition 
system for user’s behavior recognition and service to observers in collaborative environment. Based on the 
proposed system, it solves the problem of servers overload due to large sensor data and the inability of real 
time interaction due to non-proximity between users and servers. This shows the process of delivering 
behavior recognition services that are consistent and capable of real time interaction.
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1. Introduction 

Behavior recognition is an indispensable skill in determining the elements and behavioral habits associated 
with health, such as calories consumed daily, and is useful in a variety of fields [1-2]. In addition, research 
on the technique of perceiving and observing human behavior is proceeding with increasing interest in 
healthy life. A variety of sensors, such as motion sensors, GPS sensors, and video related equipment have 
been used in research to recognize human behavior [3-4]. Behavior recognition must deal with large amounts 
of sensor data generated by various types of sensors depending on the research method [5-6]. Cloud 
computing provide easy access to IT resources such as applications, servers and storages that are required by 
the various devices connected to the Internet [7]. Cloud system are system that stores data collected by a data 
sensor called cloud servers and allows the users to access the network without restriction of time and place 
[8]. However, most cloud servers send and store collected data without categorizing it. This consumes a lot 
of time and costs. In addition, due to the non-proximity between the users and the cloud servers, real time 
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interactions become impossible, which increases the latency of the connection [9], the overload of the servers 
due to the large data collection [10], In the case of sensor modules or devices, there is heterogeneity of data. 

To solve this problem, this paper proposes fog cloud based behavior recognition system which access not 
through a method of accessing cloud servers directly but through an intermediate point called fog servers. 
The proposed system have the following advantages. First, consistent data can be obtained by mapping 
heterogeneous sensor data measured in the client area on the fog servers. Second, the DBaaS cloud servers 
and fog servers can reduce the server’s overload by collaborating on processing, collecting, and providing 
behavioral results for data. Third, the physical distance between the client area and the servers become closer, 
and real time interaction become possible. Fourth, when the users move to another fog server’s location, 
mobility is guaranteed because the users already have the user’s information from the fog servers already 
located in the DBaaS cloud servers. The composition of this paper is as follows. In Chapter 2, we describe 
the behavior recognition system, fog computing, and DBaaS as related research. In Chapter 3, we describe 
the structure and functions of the fog cloud based behavior recognition system design for body sensor data 
processing proposed in this paper. In Chapter 4, we describe an application example of the proposed system. 
Finally in Chapter 5, we describe the conclusion of the proposed system. 

 

2. Related Works 
2.1. Behavior Recognition System 

Behavior recognition system have been actively studied since their interest in health has increased. For 
example, it helps to maintain a healthy lifestyle by checking the user's daily life [11]. You can also tell your 
family, guardian or health care provider if you have fall or risk situation [12]. 

 
Figure 1. Behavior Recognition Procedure 

 

Figure 1 is procedure for recognizing behavior in a typical behavior recognition system. The order of 
behavior is as follows. First, the sensor data are collected through the devices. Second, based on the collected 
data, preprocessing proceeds and specific points are detected. The third learns and recognizes behavior based 
on the detected specific points. The last verifies the perceived behavior. In this paper, a similar procedure is 
applied. 
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2.2. Fog Computing 

Fog Computing is the first concept that Cisco has mentioned. It refers to a model that extends existing 
cloud computing services to the network edge. 

 
Figure 2. Conceptual Diagram of Fog Computing 

 

Figure 2 above is a conceptual diagram of fog computing. Unlike traditional cloud computing, fog 
computing filters, processes and collects data as needed in the fog area, without processing or collecting all 
the data in the data center cloud. After that, only the necessary data is received in the cloud area [13]. In this 
paper, we propose behavior recognition system that improve proximity to clients by using fog servers and 
solve server’s overload problem through collaboration with DBaaS cloud. 

 
2.3. DBaaS (Database as a Service) 

DBaaS is a cloud technology that can effectively use the database according to the state of the application, 
and is a technology suitable for solving the data heterogeneity problem. In the cloud, DBaaS is able to access 
and distribute large amounts of data [14-15]. In this paper, we use the DBaaS cloud to match data with 
heterogeneity in the clients domain in a standard formats. 

 

3. System Design 
The proposed fog computing based behavior recognition system recognize the behavior using body sensor 

data and provide the result to the observer in real time. The following figure is a conceptual diagram of the 
proposed system. 
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Figure 3. Conceptual Diagram of the Proposed System 

 

The proposed system consist of client area, fog cloud area and DBaaS cloud area. In the client area, the 
body sensor data is generated using the sensor modules or devices worn on the human body and transmitted 
to the fog cloud area. In the fog cloud area, the generated body sensor data are collected. The collected body 
sensor data are mapped in the fog cloud area by receiving information about the standard formats metadata in 
the DBaaS cloud area in order to solve the heterogeneity problem and the overload of the server’s due to the 
format difference between these sensor types. The mapped data are stored in the repository of the DBaaS 
cloud area via temporary storage in the fog cloud area to ensure mobility when the users move from the 
current fog cloud area to another fog cloud area. Also, the mapped data are used to process the process of 
preprocessing, specific point extraction, and behavior recognition in the fog cloud area by receiving 
information on the behavior in the DBaaS cloud domain. The results of the judgment on the basis of the 
user's body sensor data are stored in the repository of the DBaaS cloud area through the temporary storage of 
the fog cloud area. The results of the behavior recognition judgment stored in the repository provide search, 
analysis and collection of observer requirements. In the DBaaS cloud area, it collects information about the 
client's identifier, time, sensor type, and fog cloud area to which the users belongs. Also, it keeps and 
manages the information about MDR (MetaData Registry) which will match the types of this sensor, and 
keep and manage information for recognizing user's behavior. In the proposed system, the overhead of the 
server can be reduced through collaboration between the fog cloud area and the DBaaS cloud area, unlike the 
conventional behavior recognition system based on the cloud servers, and the distance between the client 
area and the server area becomes physically close interaction is possible. Module specific functions for the 
system are described below. 
 

3.1. Proposed System Architecture 
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Figure 4. Proposed System Architecture 

 

Figure 4 shows the architecture for the proposed system. It describes the three parts and internal modules. 
Client: The clients collect the raw data received from the sensors and send it to the fog cloud. 
(Fog Cloud) Sensor Data Manager: The sensor data manager collects raw data and maps different data types. It 

also sends the mapped data to DBaaS cloud and behavior recognition manager. 
(Fog Cloud) Behavior Recognition Manager: Behavior recognition manager receives information on behavior 

recognition and performs a series of processing based on the mapped data. It also recognizes and verifies the behavior. 
(DBaaS Cloud) Data Sharing Manager: Data sharing manager provides data when observers request behavior 

recognition results observation.  
(DBaaS Cloud) Repository Manager: repository manager stores and manages all information about user’s 

information, fog information, behavior recognition and data standard formats. 
 

3.2. Behavior Recognition Determination Processing 

 

Figure 5. Behavior Recognition Determination processing 

 

 Figure 5 is the sequence of steps from sensor data collection to recognition of behavior. First, Clients collect 
sensor data from various sensors through devices or sensor modules. Second, collected data are transmitted 
to the data collecting unit of the fog cloud. Third, to match the formats of data collected from various sensors, 
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the metadata standard formats are serviced in the DBaaS cloud. Fourth, it is used to recognize behaviors 
based on formatted data. Fifth, the DBaaS cloud receives service information about its behavior. Sixth, the 
process of preprocessing and specific point detection are carried out based on the behavior information 
provided.  

 
3.3. Data Sharing Processing 

 
Figure 6. Data Sharing Processing 

 

  Figure 6 is the process by which the result data are shared when the observers ask for the behavior 
recognition results. Observers determine items such as the date, time, and behavior to be observed through 
the UI, and request data. Result data for the item requested by the observers are provided to the observers 
through the UI after receiving the service from the repository. An example of the application is presented on 
the back cover. 

 

4. Application Example of Proposed Behavior Recognition System 
The raw data of the proposed behavior recognition system were measured using smartphone based on 
Android operating system. We used a laptop as Fog Cloud and PC as a DBaaS Cloud. Development 
languages are java, HTML and so on. Interface are compatible with mobile environments and are designed 
as a bootstrap, a flexible grid system. 

 

4.1. Applying Algorithm 
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Figure 7. Applying Algorithm 

 

 Figure 7 is about the research that I have already done, and it is an algorithm that determines the static and 
dynamic posture of the person using the acceleration sensor of the smartphone. This algorithm is also applied 
to this research. The algorithm will be briefly explained. First, acceleration data is collected using a 
smartphone. Second, the preprocessing process such as coordinate transformation, low pass filter, moving 
average, and SVM is performed. Third, static and dynamic states are distinguished through preprocessed 
acceleration data and SVM values. The last is determine the posture in the static and dynamic states. 

 
4.2. Interface Screen 

 

              (A) Composition                                   (B) Admin 
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               (C) User - Graph                                (D) User - Character 

Figure 8. Interface Screen 
Figure 8 shows the interface screen. First, (A) is an interface screen configuration. The interface screen 

consists of the system name, account ID, menu, menu name, account information, and contents. (B) is an 
interface screen for when an administrator logs in with an account. Administrators can manage, share and 
observe user’s data. (B), it can be seen that the manager intends to conduct real time observation. When the 
administrator clicks an item on the observation in the menu, information about the users who are desired are 
provided and observation is possible. It also manages all data, including mapped data, behavioral results, and 
metadata standard forms. (C) is an interface to a general users. Users can only view their own data. (C), the 
users can receive results by selecting a desired date, a sensor type, a behavior recognition result, a 
presentation method, and the like. (C) is a graphical representation of data representation. (D) selects the 
representation of data as a character form. 
 

5. Conclusion 
In this paper, we propose behavior recognition system based on fog cloud for real time data processing 

which improves existing problems in existing behavior recognition system. Using the proposed method, the 
problem of heterogeneity of data generated by sensors of this type, large amount of data processing by many 
sensors, overload of server due to analysis, and inability of real time interaction due to non-proximity 
between users and server I could solve it. However, it is difficult to perceive the various behaviors of people 
with the present study. This part will be complemented by ongoing research into behavior recognition. 
 
References 
 
[1] J. Yang, “Toward Physical Activity Diary: Motion Recognition Using Simple Acceleration Features with Mobile 

Phones”, Proc. of Int. Workshop on Interactive Multimedia for Consumer Electronics, 2009. 
[2] T. Scott, J. Lester, J. E. Froehlich, et al., “iLearn on the iPhone: Real-Time Human Activity Classification on 

Commodity Mobile Phones”, CSE Technical Report, University of Washington, 2008. 
[3] Lotfi, Ahmad, et al. "Smart homes for the elderly dementia sufferers: identification and prediction of abnormal 

behaviour." Journal of Ambient Intelligence and Humanized Computing 3.3 (2012): 205-218. 
[4] Lara, Oscar D, Miguel A. Labrador. "A survey on human activity recognition using wearable sensors." 

Communications Surveys & Tutorials, IEEE 15.3 (2013): 1192-1209. 
[5] H.K. Yang and H.S. Yong, "Physical Activity Recognition using Accelerometer of Smartphone," Proceeding of 

Korea Computer Congress 2012, Vol. 39, No. 2(D), pp. 7-9, 2012. 



Behavior recognition system based fog cloud computing                                                           9 
 
[6] E.M. Tapia, S.S. Intille, and K. Larson, “Activity Recognition in the Home using Simple and Ubiquitous Sensors,” 

Proceeding of PERVASIVE 2004, Vol. 3001, pp. 158-175, 2004. 
[7] S.W. Jeong and Y.H. Park, “Integrated Management System for Vehicle Black Box Video Using Mobile Cloud”, 

Journal of the Korea Institute of Information and Communication Engineering, v17, no.10, pp.2352-2358, 2013. 
[8] Melvin B. Greer, Jr., John W. Ngo, “Personal Emergency Preparedness Plan (PEPP) Facebook App: Using Cloud 

Computing, Mobile Technology, and Social Networking Services to Decompress Traditional Channels of 
Communication during Emergencies and Disasters”, in the proceedings of IEEE Ninth Inter'national Conference 
on Services Computing, Hawaii, USA, 24-29 June, 2012. 

[9] Y.C. Peter Chang, S. Chen, T.J. Wang and Y. Lee, “Fog computing node system software architecture and 
potential applications for NB-IoT industry”, 2016 Internaltional Computer Symposium. 

[10] M. Aazam and E.N. Huh, “Fog Computing and Smart Gateway Based Communication for Cloud of Things”, 
2014 International Conference on Future Internet of Things and Cloud. 

[11] O.D. Incel, M. Kose, and C. Ersoy, "A Review and Taxonomy of Activity Recognition on Mobile Phones," 
BioNanoScience, pp.1-27, 2013. 

[12] B. Najafi, K. Aminian, A. Paraschiv, et al., “Ambulatory System for Human Motion Analysis Using a Kinematic 
Sensor: Monitoring of Daily Physical Activity in the Elderly”, IEEE Trans. on Biomedical Engineering, Vol.50, 
No.6, 2003. 

[13] M. Aazam and E.N. Huh, “E-HANC: Leveraging Fog Computing for Emergency Alert Service”, The Fifth 
International WorkShop on Pervasive Networks for Emergency Management, 2015. 

[14] Soror Sahri, Rim Moussa, Darrell D. E. Long, Salima Benbernou, DBaaS-Expert: A Recommender for the 
Selection of the Right Cloud Database, Foundations of Intelligent Systems, Lecture Notes in Computer Science, 
8502, pp.315-324, 2014. 

[15] H. Hacigumus, B. Iyer and S. Mehrotra, Providing database as a service, in Proc. of IEEE 18th ICDE, pp. 29-38, 
2002. 


