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 Complex Event Processing (CEP) is the most favorable platform to build and to execute 

multiple numbers of real-time applications. CEP performs processing of the large 
number of real-time events to trigger a suitable action. CEP systems can handle a large 

number of concurrent queries with high scalability. CEP may be used to identify 

moving objects with the Radio Frequency Identification Device (RFID) tag and to make 
appropriate treatment based on location and other information. In the proposed Novel 

Complex Event Processing Monitoring Framework (NCEPMF), the input data streams 
are provided by the RFID reader which reads the RFID tags, where the readings are 

prioritized with the help of a buffered priority queue. NCEPMF comprises of the 

following modules - filtering, interpretation, interpolation and triggering in processing 
the RFID data stream. The output of the NCEPMF provides information about the 

location of the tracked object. The proposed NCEPMF is validated using a real-time 

dataset comprising of blood bag management system. Performance Evaluation shows 
that the NCEPMF is better than the existing system in terms of the following 

parameters – Accuracy, Processing time, Throughput and Response time. 
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INTRODUCTION 

 

 Complex Event Processing (CEP) is a method of tracking and analyzing data streams about things that 

happen. Further, CEP combines data from multiple sources to infer events that suggest more complicated 

circumstances and meaningful events. The CEP engine examines continuously arriving events from various 

sources and detects patterns of interest and notify to the end users (Al-Najdawi et al., 2012; Govindasamy and 

Thambidurai ,2013). An event is an immutable record of a past occurrence of an action or state change. CEP is an 

event processing system that combines data from multiple sources to infer events. The advantage of both the CEP 

and RFID can be realized in the proposed framework by incorporating CEP in the RFID. RFID is the wireless 

use of radio frequency electromagnetic fields to transfer data for the purpose of automatically identifying and 

tracking tags attached to objects. RFID has been widely applied to various areas such as railway transport 

monitoring, highway fees and charges, tracking and tracking of agricultural products, food, medicine, animal 

identification, anti-counterfeiting, logistics transportation (Chen and Minbo, 2009). The RFID reader reads the 

information from RFID tags in which each event is assigned priority. The buffered priority queue prioritizes the 

events in CEP module in real-time. The CEP module analyses the events which are fed into it from the buffered 

priority queue wherein Filtering, Interpretation, Interpolating and Triggering occur. The output is the 

information needed in monitoring of the object. 

 

Literature survey: 

 Yong-Li Wang analyzed data streams based on the timing diagram and relationship between objects and 

locations, as well as relationship between multiple objects (Ge et al., 2007). Timestamp out of order 

phenomenon is very common in RFID application which results in messy chronological order and filtering has 

not been performed. 

 David Luckham gave definition of complex events in the 2001 book ‘The Power of Events’: Complex event 

detection is a pre-defined collection of tools and techniques designed for analysis and control of a series of 

interrelated events. The event definition language regards event as transient. They all use semantics based on 

detection (detection-based). They can only detect occurrence of composite events by the end time of events, but 
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cannot distinguish detection of events from occurrence of events. This results in significant limitations for the 

applications based on period semantic. This is evident in the detection of the timing events and operations in the 

events appear in different combinations will lead to inconsistent semantics. The core issue of event-centric 

approach is CEP (Ge et al., 2007) to efficiently make combination of primitive events to complex events with 

more complex semantics. The following methods are available in the literature - Finite automata based models, 

Petri Net based models, Match tree based models and models based on directed graph (Ge et al., 2007). 

Complex event system for data stream is mainly responsible for the detection of complex events. The primitive 

events can be connected to constitute a complex event by logical or timing operator. A language used for 

filtering and associating events is needed for modeling Complex Events. Many papers have analyzed the 

complex event language, such as publish/subscribe (Fabret et al.,2001), data stream processing, complex event 

language, etc. But, these languages have significant defects in the detection of RFID event. This defect will be 

more appropriate in shoplifting. Shoplifting consists of a series of events describing the scene - picking up a 

product from the shelves and taking out of the store without checking. The following problems need to be 

addressed: adding time constraints (sliding window queries) and value-based constraints for the event. A query 

language (SASE) was developed to support CEP (Diao et al., 2006). To achieve the complex event language, 

the support of the data structure in the underlying language model is required. There are many researches in 

different areas using different data structures, XML filtering, Publish/Subscribe and active database extension. 

They can be divided into three categories: automata-based, Petri-net based, tree and graph based approach. 

Xfilter uses Finite State Machine (FSM) for each query (Altinel and Franklin, 2000). The index method allows 

the simultaneous execution of all FSMs in processing of documents. Using SAX to code every document into 

events sequence as Xfilter system input, a Yfilter was proposed to combine all FSMs to a Non-deterministic 

Finite Automata (NFA) to enhance the time and space using performance of Xfilter(Altinel el al., 2003). For 

complex event detection, an effective method is to use non-deterministic finite state automata to represent the 

structure of an event sequence. 

 The existing system does not consider the timestamp out-of-order phenomenon and filtering (Fa-Wang and 

Yao-Zong, 2012). The proposed architecture is designed to address these shortcomings. 

 

Rfid based cep architecture: 

 The NCEPMF consists of the following four modules: Filtering, Interpretation, Triggering and 

Interpolation. Filtering is used to filter the unwanted input events so that predicted event is accurate using 

production memory matching with the input data memory. In order to improve the working efficiency of the 

system and to provide results to the enterprise application, it is necessary to transform the raw RFID data into 

meaningful events by Interpretation using timing diagram and relationship between the data and the objects. If 

any unexpected events occur, the Triggering module acknowledges the customer. If the input data stream has 

any unrecorded value or uncertainty, the interpolation technique is also used with the help of production 

memory. Timestamp out of order phenomenon is effectively addressed in the proposed system using buffered 

priority queue. The goal of CEP is to identify meaningful events and to respond to them as quickly as possible. 

CEP is used in event-driven applications such as RFID applications which process, analyze and provide 

appropriate meaning to many events occurring simultaneously.  

 

 
 

Fig. 1: RFID based Tracking System using CEP Architecture. 
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Filtering: 

 The data with the highest priority in the data stream are fed into the Filtering module where the unwanted 

and redundant data are removed. The filtering produces a reliable and accurate data stream for further 

processing (Govindasamy and Thambidurai, 2013). The filtering is done by matching the input data streams 

with the production memory. The production memory is the memory which stores the predefined data where the 

object has to travel. The input data memory is matched with production memory by using a modified Rete 

algorithm. Rete algorithm is an efficient pattern matching algorithm for implementing production rule systems. 

It works on the system by checking each rule against known facts in a knowledge base. But, the Rete algorithm 

is designed to sacrifice memory for increasing speed. The redundant data streams are also removed from the 

data memory. The filtered RFID data streams are fed onto the interpretation module. Filtering-Rete algorithm 

works as follows - The input RFID data streams are prioritized and ordered using buffered priority queue and 

comes as an input to the filtering module. The entered data stream gets stored in data memory where it is 

compared with the production memory. The production memory is built before the objects are sent to the 

destination place since the path where the object travels is well-known by the installation of the RFID readers. If 

the input data memory is matched with the production memory, the data stream is taken as valid and kept for 

consideration and algorithm goes for the input of next RFID data stream. If the input data memory is not matched 

with the production memory, the data stream is considered as invalid and the data memory which has this input 

data stream is erased from the memory. Then, the algorithm skips this invalid data stream and goes for the next 

input RFID data stream. 

 

 
 

Fig. 2: Filtering Module 

 

Interpretation: 

 The transformation of the RFID data streams into meaningful events is done by Interpretation. The location 

of the object is determined using timing diagram. The relationship between objects and location is determined 

by building time-varying time graph model for the original RFID data streams. Thus, from the graph, the 

physical world is defined. The physical world contains location of the report, possible constraints, statistical and 

historical synergy between objects. These constraints are passed to the Triggering module. If there are any 

unreliable or unrecorded data streams to infer an event, it is passed to the Interpolation module. Interpretation 

Module is implemented with Google Maps API to deal with multiple destinations considering multiple routes. 

Google Maps API helps to find the path between two locations having shortest distance. To find the precise 

location, the latitude and longitude of the location are also found out. After reaching every node (RFID reader), 

its distance with final destination is calculated using Google API. 

 

 
 

Fig. 3: Interpretation module. 
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Interpolation: 

 Interpolation module is used to interpolate the unrecorded data streams based on before and after events. 

The unrecorded data stream is successfully interpolated and passed onto the Interpretation module for inferring 

events. This Interpolation module is listed as follows. 

 

 
 

Fig. 4: Interpolation Module 

 

Triggering: 

 Triggering is used to identify moving objects with the RFID tag, and makes appropriate treatment based on 

location. In case of any unexpected events occur, the users are alerted about the object. This Triggering module 

is listed as follows. 

 

 
  

Fig. 5: Triggering module. 

 

Simulation environment: 

 The proposed RFID based CEP architecture (NCEPMF) is validated using a real-time ‘Blood Bag 

Management System’. RFID wireless devices are used in a smart hospital to detect the positions of patients 

(Kawashima et al., 2010). Monitoring the blood bag is very essential because the risk factor of transfusing the 

blood to a patient increases if the blood is not maintained in the specified temperature (Kim et al.,2006). It is 

very important to keep blood at a temperature of 2-6°C in order to maintain its quality and stability (Kim et al., 

2007). There is a need to track the exact location of the required blood group for a needy patient. The blood 

donation camps are installed at various locations where all the donors can donate the blood. The blood bags are 

pinned with RFID tags in donation camps and transported to the blood bank. The blood bank stores the blood 

bag and then distributes to hospitals. The RFID readers are installed at all places from the blood donation camp 

to the hospital. The RFID blood bags are to be tracked using CEP. This blood bag tracking system using CEP 

ensures a complete traceability from donor to the patient. For application in Blood Bag Management System, 

RFID tags should be available as a sticky label so that it can be easily attached to the Blood Bag. Active RFID 

tags should be used in this application because it cannot rely on external power source as there is no provision 

for it and since it has the ability to have a conversation with the reader and working at higher power levels, these 

blood bags can be placed in a container in the refrigerator because it should be maintained at specified 

temperature. The RFID tags can be combined with a sensor to record temperature and microcontroller to store 
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the recorded temperature. RFID Software is used to decipher the radio waves into logical terms embedded into 

the RFID reader. 

 A typical RFID reading has the format of (OID, RID, RTime), where OID represents the data stored in tag 

memory and is usually an integer uniquely identifying an object, RID identifies the interrogator, and RTime 

records the reading's occurrence time (Chen et al., 2008). The data stream of the proposed system can be given 

as (RFID tag no, RFID reader no, temperature, time). The RFID tag number and the RFID reader number are 

represented by are hexadecimal numbers. The temperature is represented in Fahrenheit and time is represented 

in railway time.NCEPMF is implemented using ESPER as tool. The hardware requirements are Intel-i5 @ 2.53 

GHZ processor, 512 MB primary memory and 4GB secondary memory. The software requirements are Windows 

OS and Netbeans 7.1.2 IDE. The libraries imported are esper-4.9.0, antlr-runtime 3.2, cglib-nodep-2.2, commons-

logging-1.1.3, log4j-1.2.16, joda-time-1.5.2, geodesy and JDK 1.6. 

 

Performance evaluation: 

 In order to test the performance of the NCEPMF using CEP, a Blood Bag Management system is 

implemented with open source Esper engine. The parameters used to evaluate the NCEPMF are Accuracy, 

Processing Time, Throughput and Response Time.  

 

Accuracy: 

 Accuracy is defined as the ratio of precision in correct identification of blood bag to that of total number of 

blood bags. The experiment was repeated up to 10 times and the framework of RFID data stream found to be 

greater than 95% accuracy to infer the object’s location (Fa-Wang and Yao-Zong,2012 ; Chen and Minbo, 

2009). In the proposed architecture, the accuracy is found to be greater than 98% because timestamp out of 

order and filtering is performed before interpreting the data stream as depicted in Figure 6. 

 
Table 1: Accuracy Table. 

Numbers of test runs Existing System NCEP 

1 0.945 0.955 

2 0.965 0.97 

3 0.99 0.985 

4 0.975 0.985 

5 0.95 0.98 

6 0.965 0.985 

7 0.965 0.986 

8 0.975 0.987 

9 0.945 0.986 

10 0.97 0.986 

 

 
 

Fig. 6: Comparison of Accuracy. 

 

Processing Time: 

 Processing time is defined as time taken between to process the incoming RFID data stream and 

interpreting the data stream. As the number of event/sec increases the processing time of both the existing 

system as well as the NCEP increases though the processing time of NCEPMF is less than that of the Existing 

System for all cases except for events at the rate of 50000 events/sec. When the rate of increase in processing 

time is compared then the rate of increase for the existing system is lower than that of NCEPMF. 
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Table 2: Processing Time Table. 

Events/Sec Existing System NCEP Rate of increase 

in Processing Time 

for Existing System 

Rate of increase 

in Processing Time 

for NCEPMF 

10000 0.08 0.05   

20000 0.085 0.06 6.25 20 

30000 0.2 0.18 135.2 200 

40000 0.25 0.2 25 11.1 

50000 0.65 0.67 160 235 

 

 
 

Fig. 7: Comparison of Processing Time. 

 

Throughput: 

 Throughput is defined as number of operations performed per unit second. The processing time is greatly 

reduced. As a result, the throughput is also increased as depicted in Figure 7 when compared to the existing 

system (Fa-Wang and Yao-Zong,2012). The unit of throughput is per seconds. 

 
Table 3:Throughtput. 

Existing System NCEPMF 

125000 200000 

235295 333333 

150000 166666 

160000 200000 

76923 74626 

 

Response Time: 

 Response time is defined as the time taken by CEP to react to the status of an object reporting a first 

response to the user. The unit of response time is seconds(s). The response time of the NCEPMF is reduced 

when comparing to the existing system. This is evident from the Table 4 and the Figure 8. 

 

 
 

Fig. 8: Comparison of Response Time. 
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Table 4: Response Time Table. 

Numbers of test runs Existing System Proposed System 

1 0.09 0.085 

2 0.12 0.1 

3 0.13 0.13 

4 0.14 0.16 

5 0.21 0.2 

6 0.15 0.18 

7 0.1 0.15 

8 0.1 0.13 

9 0.19 0.19 

10 0.19 0.21 

 

Conclusion: 

 NCEPMF is implemented in real-time blood bag management system. The location of blood bag is to be 

correctly identified and inferred to user. The framework is developed to be more effective than the existing 

system while having the ability to share data and provide correct location of blood bag. NCEPMF is proved to 

be more efficient in terms of the four various performance parameters.  

 

REFERENCES 

 

Al-Najdawi, N., H. Bez, E. Edirisinghe and S. Tedmori, 2012. An Automated Real-Time People Tracking 

System Based on KLT Features Detection, The International Arab Journal of Information Technology, 9(1): 

100-107. 

Altinel, M. and M. Franklin, 2000. Efficient Filtering Of XML Documents For Selective Dissemination Of 

Information, Proceedings of VLDB, pp: 53-64.  

Altinel, M., Y. Diao, M.J. Franklin, P. Fischer and H. Zhang, 2003. Path Sharing and Predicate Evaluation 

for High-Performance XML Filtering. ACM Transactions on Database Systems, 28(4): 467-516. 

Chen, C. and L. Minbo, 2009. RFID Complex Event Processing Mechanism for Logistics Tracking and 

Tracing. IEEE, International Conference on Computer Science-Technology and Applications, pp: 44-48. 

Chen, Q., Z. Li and H. Liu, 2008. Optimizing Complex Event Processing over RFID Data Streams. In: 

International Council for Open Education Conference, pp: 1442-1444. 

Diao, Y., S. Rizvi and E. Wu, 2006. High-Performance Complex Event Processing Over Streams. ACM, 

Special Interest Group On Management of Data, pp: 407-418. 

Fabret, F., H. Jaconsen, P. Lirbeta, K. Ross and D. Shasha, 2001. Filtering Algorithm and Implementation 

for very Fast Publish/subscribe System. ACM, Special Interest Group On Management of Data, 2001. 30(2): 

115-126. 

Fa-Wang, H. and L. Yao-Zong, 2012. RFID Complex Event Processing for RTLS. IEEE, Fourth 

International Conference on Multimedia Information Networking and Security, pp: 392-395. 

Ge, Y., Z. Tiancheng and G. Yu, 2007. RFID Complex Event Processing Techniques, Journal of Computer 

Science and Frontiers. 

Govindasamy, V. and P. Thambidurai, 2013. Complex Event Processing - A Survey. Journal of Computing, 

5(4): 167-174. 

Govindasamy, V. and P. Thambidurai, 2013. RFID Probabilistic Complex Event Processing in a Real-Time 

Product Manufacturing System. International Journal of Engineering and Innovative Technology, 2(10): 139-

144. 

Kawashima, H., H. Kitagawa and X. Li, 2010. Complex Event Processing over Uncertain Data Streams. 

IEEE, International Conference on P2P, Parallel, Grid, Cloud and Internet Computing, pp: 521-526. 

Kim, S., S.K. Yoo,  H.O. Kim,  B.C. Chang,  H.S. Bae,  S.J. Kim, 2007. Location Based Blood Bag 

Management using active RFID tag and Ubiquitous Sensor Network. 6
th

 International Special Topic Conference 

on ITAB, Tokyo, pp: 320-322. 

Kim, S.,  S.K. Yoo,  H. Kim,  H. Bae,  J. Park,  K. Seo,  B. Chang, 2006. Smart Blood Bag Management 

System in a Hospital Environment, IFIP International Federation for Information Processing, pp: 506-517. 

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Do-Sung%20Kim.QT.&searchWithin=p_Author_Ids:38184125900&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Yoo,%20S.K..QT.&searchWithin=p_Author_Ids:37290948900&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kim,%20H.O..QT.&searchWithin=p_Author_Ids:37835534200&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Chang,%20B.C..QT.&searchWithin=p_Author_Ids:37824284000&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Bae,%20H.S..QT.&searchWithin=p_Author_Ids:37830974900&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Kim,%20S.J..QT.&searchWithin=p_Author_Ids:38183935300&newsearch=true
http://link.springer.com/search?facet-author=%22Soo-Jung+Kim%22
http://link.springer.com/search?facet-author=%22Sun+K.+Yoo%22
http://link.springer.com/search?facet-author=%22Hyun-Ok+Kim%22
http://link.springer.com/search?facet-author=%22Ha-Suk+Bae%22
http://link.springer.com/search?facet-author=%22Jung-Jin+Park%22
http://link.springer.com/search?facet-author=%22Kuk-Jin+Seo%22
http://link.springer.com/search?facet-author=%22Byung-Chul+Chang%22

