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Abstract— Although IT (information technology) services for business process analysis become popular, they do not cover 

business process of the supply chain management, since information in the real space is difficult to capture by existing IT systems. 

However, since companies started using networked RFID (Radio Frequency Identification) for a real business, capturing 

information of the items in the supply chain becomes feasible. This study proposes supply chain business process analysis methods 

based on networked RFID system. This study utilizes EPC (Electronic Product Code) system, one of the networked RFID systems, 

and proposes a performance analysis method and an anomaly analysis method of supply chain business process. The study also 

proposes a tool to evaluate supply chain business process. It consists of an agent simulator and a real EPC system and is able to 

evaluate business process with realistic scenarios. With this tool, the proposed methods are evaluated, and the effectiveness of them 

is confirmed.  
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I. INTRODUCTION 

As information technology (IT) evolves, increasing number of IT systems have been used in the company’s business. 
Monitoring and analyzing business process by IT is one area of the IT applications. Typically business transactions data 
captured as a result of business process is monitored, and an alert is sent when an error is detected by the monitoring/analyzing 
system[1][2]. Although business process monitoring by IT becomes feasible, the area is limited because acquiring data for 
analysis is not easy in all the business processes. Business process to deal with real space objects, such as supply chain 
management, still is the difficult area to analyze.  

On the other hand, technologies to deal with real space information, such as sensor and actuator, have been developed and 
becomes feasible. Information systems are proposed in a commercial basis that utilizes sensors to capture what is happening in 
the real space and controls over the situation through actuators. The concept of connecting real space with cyber space using 
these technologies and deal with real space objects seamlessly from the cyber space is called Internet of Things (IoT) [3]. In 
this paper, we utilize networked RFID (Radio Frequency Identification) system as an IoT enabler and propose supply chain 
business process analysis methods based on the system. We also propose a business process evaluation tool that consists of an 
agent simulator and an RFID data repository system. We utilize EPC (Electronic Product Code) system[4] as a data repository 
system, since EPC system has been already standardized and companies start using the system commercially. 

The structure of the rest of the paper is as follows: in section II, the related literature is reviewed; in section III, two 
business process analysis methods are proposed; in section IV, the proposed methods are evaluated using the simulation tool; 
and we conclude this paper with summary and future research in section V. 

II. LITERATURE REVIEW

The history of RFID goes back to the World War II[5], but it was around 2000 when companies started using the system to 
streamline their business process. Two contributing factors were cost reduction and standard development of RFID. With the 
progress in manufacturing technology, the cost of RF tag went down, and standards developed at that time made it possible to 
implement RFID system as a part of corporate information system. Some of the major retailers announced that their suppliers 
needed to apply RF tags to cases and pallets when they shipped them to retailers’ facilities[6][7].  

To take advantage of this new technology, companies started studying feasibility of RFID system and how to use it in their 
supply chain. This is because RFID system was still more expensive than barcode system, which was a defacto standard auto 
identification technology, and rigorous feasibility study was necessary before implementing RFID system. This is the 
background of the studies on RFID-enabled supply chain process evaluation. 

There are three types of studies in this field; process evaluation with numerical study only, process evaluation with real 
system, and combination of the previous two types. Ingalls et. al developed a simulation tool to evaluate a specific supply 
chain and showed the possible benefit of inventory visibility enabled by RFID[8]. Their study dealt with supply chain process 
only in computer simulation. Joris et. al also developed a discrete simulation tool to study the impact of RFID on the Brazilian 
Postal Service network[9]. Fredrik et. al took advantage of a commercial simulation tool called Arena and proposed a supply 
chain simulation model. Their model utilized a standardized supply chain metrics called SCOR (Supply Chain Operations 
Reference) model and showed its effectiveness with fictitious test cases[10]. Some of the studies are based on a real supply 
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chain process and others are based on a hypothetical business process, but only to evaluate business process with computer 
simulation is the characteristics of these studies.  

There are studies, on the other hand, that use real system implementation. Bendavid et. al developed a prototype RFID 
system based on a hypothetical supply chain process and assessed the impact of RFID with this hypothetical supply chain[11]. 
Although most of the components of the supply chain were real in their simulation, the hypothetical supply chain process that 
could be evaluated by their simulation tool lacked flexibility because components of the RFID system, such as reader/writer, 
were limited.  

Combination of numerical simulation and simulation with real system implementation is also proposed. This study is also 
categorized in this type. Bottani proposed a supply chain process evaluation tool that consists of a discrete simulation tool to 
realize reader/writer system and supply chain network, and a server system to actually manage the item location data generated 
by the discrete simulation tool[12]. His proposal also used EPC system as a data repository system. With this kind of 
configuration, companies can design a complex supply chain process using a discrete simulation tool and evaluate the process 
in a more realistic manner.  

The purpose of Bottani’s study is to show how to exploit RFID data in the logistics system and provide value-added 
information for the optimal management of the logistics system. To meet this purpose he proposed three modules; flow time 
management module, key performance indicator, and track and trace module. By using these modules, performance of the 
logistics system was evaluated before actually implement the system. Our study, on the other hand, tries to propose data 
analysis methods to evaluate supply chain business process performance and to detect anomaly incidents in the real business 
situation. Therefore, the main purpose of Bottani’s and ours is different in this regards, and functions of the proposed 
simulation tool are different as a result. 

III. PROPOSAL 

A. EPC system 

This subsection explains EPC system, which is used in this study. EPC system is an architecture of the system that manages 
data captured by automated data capturing technology such as RFID. This architecture is proposed and maintained by 
EPCglobal,  a member of GS1. GS1 is a standardization organization that develops standards for unique identification schema 
for goods, location and so on, EDI (electronic data interchange) message as well as this RFID related system components and 
interfaces. EPC is a unique identifier written in the RF tag. EPC takes Uniform Resource Identifier (URI) format when it is 
dealt in the information system. 

EPC system is categorized as networked RFID system. In the networked RFID system, RF tags with unique ID are applied 
to items that a company wants to manage. The RF tags are read by RFID reader/writer when items are moved as a result of 
some business process such as shipping and receiving, and the read data that include ID, time, location and reason for the move 
are sent to repository system. The company can manage these items by looking into the data repository. With this kind of 
architecture, large capacity of the RF tag memory or battery power are not required so that the cost of the tag is reduced.  

There are several items standardized in the EPC system and the interface of the data repository is one of them. The name of 
the interface is called EPC information service (EPC-IS) and data repository that stores the business related data and has EPC-
IS interface is called EPCIS repository. This study also utilizes this EPCIS repository. Fig 1 shows typical system 
configuration of the EPC system. 

 

Fig. 1. Typical system configuration of EPC system 
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B. Supply chain process using EPC system 

This subsection introduces supply chain business process assumed in this study. Fig 2 shows schematic view of the process 
configuration. As explained in the previous subsection, EPC system is used in places where items are stored and handled, such 
as factory, warehouse, and store. RFID reader/writer system reads EPC of the subjected item and sends the data with time, 
location and reason for the read. For example, when a case is moved out from Dock door #1 of Factory A for shipping, 
“shipping” and “Dock door #1 of Factory A” are sent together with time and EPC to the EPCIS repository. And if the next step 
is receiving of the case at Dock door #3 of Warehouse B, then “receiving” and “Dock door #3 of Warehouse B” are sent to the 
EPCIS repository. If the case is properly handled, all the records of the case move are stored in the repository in a sequential 
way. In this study, the EPC reads and following message transmissions at Factory A and Warehouse B are addressed as event 
data.  

Usually the data in the repository is used to improve the visibility of the item, but we try to take advantage of the data for 
business process performance improvement including error detection. With our proposal, managers can identify problems of 
the supply chain process by accessing the EPCIS repository data. Following sections introduce two data analysis methods. 

 

Fig. 2. Schematic view of supply chain with EPC system 

C. Business process performance analysis method 

This subsection introduces a data analysis method to detect business process performance issues. If all the items are 
handled properly in each process step, all the items go smoothly through the supply chain. However, if business process has 
some problem, such as first in first out (FIFO) operation is not properly executed and too many or too few items are stored in a 
stocking point, the move of the items in the supply chain pipeline is not smooth and duration taken to pass the pipeline 
becomes fluctuated unnecessarily. 

As explained in the previous subsection, all the records of the item move are stored in the EPCIS repository when the 
company uses EPC system to manage their supply chain. Therefore, managers can detect problems of their supply chain if they 
analyze duration of the item in the pipeline or in a specific position statistically. When duration is distributed widely, it is 
presumable that some items go ahead of other items in the supply chain, and when duration is longer than that of  the original 
supply chain design, managers should suspect there may be some incident that causes a delay in the supply chain. These supply 
chain performance issues are detected using this duration analysis.   

D. Business process anomaly analysis method 

This subsection introduces a data analysis method to detect anomalies of business process. As explained, usually all the 
items are sequentially handled in the supply chain. All the event data of the process are recorded in the EPC-enabled supply 
chain as a consequence. For example, if a pallet of water bottles is stored in a distribution center, it is presumable that the pallet 
is received at a dock of the warehouse, is stored at a rack of the warehouse, is loaded onto a container, and is shipped to a 
customer. In this example, four event data would be sent to the EPCIS repository, and all the pallets should have four event 
data if they are handled properly.  

The second data analysis method uses this rule and analyzes the number of event data in the EPCIS repository. With this 
analysis, if an item is lost in the supply chain, the number of event data of the item is fewer than predefined number. Also 
when a worker mistakenly skips a process and sends the item to the next process, the number of event data becomes fewer. In 
each case, the process error can be detected using this event number counting analysis. 
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IV. EVALUATION 

A. Evaluation abstract 

This section evaluates the proposed data analysis methods using a simulation tool that consists of an agent simulator and an 
EPCIS repository system. By using agent simulator, we can design a supply chain business process flexibly so that we can 
confirm the robustness of the proposed methods. By using a real EPCIS repository system, we can test feasibility of the system 
developed for the proposed methods.  

As an agent simulator, we utilize Repast Simphony, an open source agent simulation tool[13], and add event data 
transmission function to the software. As an EPCIS repository system, we utilize Fosstrak, which also is open source 
software[14]. The agent simulator is implemented on Windows and the EPCIS repository is implemented using a commercial 
cloud service. We develop a simple data analysis application on Windows. Fig 3 shows abstract of the evaluation system. 

 

Fig. 3. Abstract of the evaluation system 

B. Hypothetical business process for evaluation 

This section explains a hypothetical business process used for evaluation. We employ an assembly process in a factory. We 
assume a machine that consists of several parts, and parts are kitted and assembled in the process. The process goes as follows. 
First, parts are kitted and put in a returnable container with RF tag when an order comes. The container with a kitted set is 
moved to assembly area and waits for assembly. After assembly process ends, the machine is returned to the original container 
and moved to a stock area for shipping. Finally, the machine in the container is shipped when a truck comes. This is a flow of 
the hypothetical process, and six events (picking, departing, arriving, assembling, storing, and shipping) are defined in this 
process. All the event type is selected from EPCIS Core Vocabulary[15]. Not individual parts but a returnable container with 
EPC is traced in this scenario. Fig 4 shows the flow. 

 

Fig. 4. Hypothetical business process for evaluation 

C. Evaluation for process performance analysis method 

Two cases are selected for evaluation of the proposed method and simulation parameters are selected to test each case.  

Case 1-1:  FIFO operation is strictly executed at the assembly process or not 

Case 1-2:  Optimum inventory level is kept at the assembly process or not 

We define two types of worker agents, one is a worker for kitting and the other is a worker for assembly. To test case 1-1, 
we set two different operations to assembly worker; an operation with FIFO and the one with random set selection. To test case 
1-2, on the other hands, we select two different times when the assembly worker start assembling so that kitted parts inventory 
before assembly process can be changed. All the parameters are listed in Table 1. 
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TABLE I.  SIMULATION PARAMETERS 

Parameters Settings 

Kitting 

A kitting worker completes kitting process with average 10 
seconds and standard deviation 5 seconds. The number of 

worker is one. 

Moving for assembly 
A kitting worker moves kitted parts from a kitting area to an 
assembly area. The time required to move is 10 second in 

average and 4 second in standard deviation. 

Assembly 

An assembly worker completes assembly process with 

average 60 seconds and standard deviation 20 seconds. The 

number of workers is two. 

 
Case 1-1: Two different settings for selecting parts sets for 

assembly: FIFO and random selection. 

 

Case 1-2: Two different settings for starting of parts 

assembly: 5 minutes (for optimum inventory level) and 45 
minutes (for excess inventory level). 

 

After running simulation, waiting duration before assembly process is extracted from the EPCIS repository. The duration 
data is subtraction of event time for assembly process from that of arriving of the assembly area.  

Assembly process waiting duration = Event time of assembly - Event time of arriving the area       (1) 

As a business process analysis tool, just calculating a deviation of the duration would be sufficient to judge if there is an 
operation problem or not. But to understand the impact of the operation difference thoroughly, we further analyze the data with 
a spread sheet application in this paper. Fig 5 compares waiting duration distribution of two different settings. When FIFO 
operation is executed, waiting duration is around 6 minutes and not distributed widely(left side graph of Fig 5), but when FIFO 
operation does not work and parts for assembly are randomly selected at the assembly process, the distribution of the waiting 
duration spreads widely(right side graph of Fig 5). If a manager analyzes waiting duration of items and gets a distribution like 
right side of Fig 5, he can identify that there is some problem in the assembly process. 

 

Fig. 5. Distribution of assembly waiting duration (FIFO operetion performamce) 

Inventory level problems can also be detected using this waiting duration analysis. Fig 6 shows two comparing patterns. 
FIFO operation is assumed in both cases. When inventory level is set properly, waiting duration is around 6 minutes and not 
distributed widely (left side graph of Fig 6), but inventory level goes worse for some reason, waiting duration increases, around 
50 minutes in this case (right side graph of Fig 6). It is envisaged that business process was designed and operated properly at 
the beginning, but it might have some problems as the process continues to operate. Possible causes of the problem could be 
machine trouble, lack of training of the worker, interference from other process on the same site and so forth. But extracting 
event time from the EPCIS repository and applying the waiting duration analysis, a manager can detect a problem of his 
process. From these results, we conclude that waiting duration analysis is useful in detecting business process problem. 
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Fig. 6. Distribution of assembly waiting duration (Inventory level performamce) 

D. Evaluation for process anomaly analysis method 

Two cases are selected for evaluation of the proposed method and simulation parameters are set to test each case. 

Case 2-1: Skip of steps in business process occurs or not 

Case 2-2: Lost item in business process occurs or not 

To test case 2-1, we set two different operations to assembly worker; not skipping any steps in the process and skipping 
kitting step and moving the returnable container to the next step up to a predefined number of items. To test case 2-2, on the 
other hands, we also set two different operations to both workers; not losing any items during the process and losing items up 
to a predefined number. Other parameters for the simulation, such as number of agents, are the same as the previous evaluation, 
and we set one as a predefined number  in both cases. 

After running simulation, number of event data of each container (EPC) is extracted from the EPCIS repository. The 
number of event is extracted using count function in SQL. Fig 7 shows the result of the event counts. As shown in the figure, 
only the number event of EPC urn:epc:id:sscc:210000000.00000010 is five whereas others have six events. This result 
indicates that there is a process skip in this EPC item. If a manager gets this kind of result, he can further look into the EPCIS 
repository and find the process that the item skipped. 

 

Fig. 7.Event count for process skip detection 

Lost items can also be detected using this analysis. Fig 8 shows the result of Case 2-2. As shown in the figure, the number 
of event data in EPC urn:epc:id:sscc:210000000.00000004 is two and the number of event data in EPCs 
urn:epc:id:sscc:210000000.00000017 and urn:epc:id:sscc:210000000.00000023 is four. This indicates that EPC 
urn:epc:id:sscc:210000000.00000004 is lost after second business process step and EPC 
urn:epc:id:sscc:210000000.00000017 and urn:epc:id:sscc:210000000.00000023 are lost after forth business process step. If a 
manager gets this kind of result, he can further look into the repository and have a clue to find the problem such as the time that 
the item has passed the last business process. From these results, we conclude that event number counting analysis is useful in 
detecting anomalies in business process. 
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Fig. 8.Event count for item lost detection 

V. CONCLUSION 

With the development of IT, companies start using IT not only as a tool to streamline their business process but also as a 
tool to monitor and analyze their business process. There are system vendors that start providing systems and services with 
process analysis functions. Although there are systems and services available in a commercial basis, the application area is 
mainly to monitor transactions of business documents, such as purchase order and shipping order, since the document data are 
already managed by computer systems and to evaluate business process can be realized by analyzing these data. Analyzing 
business process that deals with real space objects has not been popular yet. 

On the other hands, technologies to deal with real space information such as sensors and actuators has developed in the last 
decade. With these technologies together with the cloud computing, information in the real space and cyber space become 
connected seamlessly. This concept is called IoT and RFID is an enabling technology of IoT. RFID makes it possible to 
manage items in the supply chain pipeline, and transaction data of moving items can be collected by using this technology.  

By using EPC system, standardized networked RFID system, we propose supply chain business process analysis methods 
and a tool to evaluate the supply chain business process. As analysis methods, we propose a business process performance 
analysis method, which is a waiting duration distribution analysis of the items in the supply chain, and a business process 
anomaly analysis method, which is a number of event data counting analysis per individual item.  

Supply chain business process is managed as a series of event data in the EPC system. Waiting duration distribution is 
analyzed using event time of the two consecutive business processes. Managers can detect a problem in their supply chain 
process when they see the waiting duration is widely spread. EPCIS repository helps manager to understand the detail of the 
problem. Number of event counting is also possible using the event data in the EPCIS repository. Usually the number of event 
data is fixed when a company designs a supply chain process, therefore if managers see the number is less than pre-defined 
number, they can identify that there is a process skip or lost item.  

This study also proposes a tool to evaluate EPC-enabled supply chain business process with an agent simulator and a real 
EPCIS repository system. By using an agent simulator, testing a complex supply chain process becomes possible and by using 
a real EPCIS repository system, evaluation that is close to the real business environment becomes possible.  

There are two major limitations in this study. One is lack of functionality in the data analysis application. Since major focus 
of this study is to test the feasibility of the analysis methods, we only implemented data extraction from the repository and 
graphs are drawn using a spread sheet application. But the visualization function would be required if managers use the 
application in a real business. 

Functionality to handle high volume of data also needs to be improved. In this study, we directly extract data from the 
EPCIS repository and analyze the data, but the volume of data becomes large if we deal with large factories or distribution 
centers. Further investigation would be necessary to handle huge volume of event data. 
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