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Abstract:— 

RFID is an emerging technology and effectively applied to different sectors like retail warehouses, manufacturing, 
supply chain management, health care applications and wall-mart. Specifically in the area of supply chain 
management. RFID techniques are very useful. On the other hand, the quantity of RFID data in such an 
environment is very large. Thus more computation and time is needed to take out valuable information from RFID 
data storage for the process of object tracking in the supply chain management. Therefore, this research work 
focuses on the indexing of the huge amount of RFID tag data query retrieval. Here, the R+ tree indexing 
technique is introduced to prompt the RFID data retrieval from the RFID data warehouse. This technique consists 
of the root node, intermediate and leaf node. Each leaf node is formed in the form of Minimum Bounding 
Rectangle (MBR) that includes data object and its value. Also leaf node stores the minimum bounding rectangle 
(MBR) and doesn‘t store the actual RFID data object. At last, our proposed indexing technique is conducted with 
various experiments to prove their effective and efficient. 
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I. INTRODUCTION 

Emerging RFID technology offers a lot of benefits 

over the conventional object tracking and it is adopted 

and deployed in real time applications widely. 

Conventional object tracking using WSN involves sensors 

[1]. But RFID technology provides a cheap and simple 

method for object tracking. This application also produces 

the huge volume of streaming data and these data is 

processed with the three steps. A first step to filter the 

streaming data automatically, next step is to process the 

data and the final step is to transform into semantic data. 

Finally, RFID data‘s are integrated into business 

applications.  

In the RFID storage management, many 

multidimensional indexing methods were proposed but 

very few of the methods are adapted by the main 

database retailers because of their cost of integration and 

complexity. Many of the techniques need unsupported 

access to block the manager so they cannot be readily 

constructed. Other techniques are possible as external 

indexes that do not take over the industrial recovery and 

concurrency of the RFID database management system. 

The most commonly proposed multidimensional 

indexes need the kernel unsupported augmentation and it 

is not readily available to maintain existing RFID 

applications in business database systems. Recently 

bitmap indexes, inbuilt the B-tree methods, one 

dimensional transformation methods and approximation 

methods are used to access and support the 

multidimensional vector data in business database 

system,  Mostly the bitmap indexes methods have been 

used to handle the  RFID data [2].  Here, the space 

necessities are condensed with the help of the bitmap 

data type that efficiently distinguish a set of identifiers. 

Though, these techniques may not fit either when the 

data in the same cluster are not constant or in 

applications that do not provide themselves to cluster 

based on a usual property [3]. 

One dimensional transformation methods use the 

single dimensional index structures. For example B-tree 

used to index the data depend on the scalar key. This 

technique uses the two stage query filter and it is like 

spatial querying to estimate the results and false hits 

removed to create a final result set. Examples of One 

dimensional tree technique include the pyramid-tree 

technique [4], i-distance [7], iMinMax [5], the p+ tree [6]. 
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These methods are usually not a goal, purpose and 

which are lossy in nature. Thus, they rely more greatly on 

the exact filter than bounded regions in the feature space. 

Their throughput has an effect on object tracking. Where 

false hits take place due to objects being far away in the 

original space, but near in the transformed space. In case 

of i-distance methods there may be many objects are 

near close to the reference point for distance information. 

But it is not likely to close together and many objects 

require add during the exact filter. 

Thus, a novel approach known as modified R+ is 

introduced in this proposed work in order to overcome the 

object tracking issues in RFID technology,. This approach 

has multidimensional indexing structure used to track the 

moving object and it has MBR. This indexing technology 

mostly used for the purpose of indexing and query 

processing over RFID streaming data.  In the result 

section, the performance comparison is evaluated 

between the proposed indexing technology and R+ tree. 

From the result point of view, It is observed that the 

proposed indexing scheme process the queries and index 

RFID data effectively and provides better performance 

than the existing R+ tree. 

II. RELATED WORK 

A lot of research work is done on the RFID data 

storage management for increasing the performance of 

the RFID data retrieval.  A few techniques are discussed 

briefly in this subsection.  A novel warehousing model is 

proposed to process the path selection query and for the 

object transition, where tables are joined many times to 

obtain the collective parameters on the path. Hence, 

these techniques utilize the compression to decrease the 

join cost, but this existing technique is not applicable in 

case of products not move jointly in huge groups. 

When objects move from one location to another 

location, objects' positions were reported periodically.  

The database which stores the histories of the 

spatiotemporal coordinates object of each moving object 

is called as Moving object  database. This database must 

sustain queries of constantly moving objects for retrieving 

the location and trajectory. There is many indexing 

scheme approaches such as HR-tree [11], MV3R-tree 

[12] and 3D R-tree [10] for efficient query processing 

about the historical positions of the moving object. All 

these indexing schemes are known as the locality based 

indexing schemes, which are uses the R-tree technique 

[14]. The R-tree structure is a hierarchy of probably 

overlapping index regions which encircle the child nodes 

in Minimum Bounding Box. This MBB consists of all child 

node entries in n-dimensional domain due to its 

hierarchical structure depend on position. These methods 

illustrate better performance for time scale and distance 

range queries. However, the position property guides to 

traversal of a huge number of index paths in the trajectory 

queries. These trajectory queries are retrieved using the 

trajectory indexing preserving scheme in order to 

enhance the query performance. Which includes an 

indexing scheme like OP-tree [13] and TB-tree [17], all of 

these indexing schemes uses the property known as 

stores the only one path per leaf node.  This property 

helps these indexing schemes to better output location 

based indexing scheme for efficient query processing 

Trajectory queries.   

One more main property of trajectory preservation 

generates the dead space among the MBBs of non-leaf 

nodes. Even though, overlap among the node is large. 

This outperforms in poorer quality performance in 

distance range queries than the locality based indexing 

schemes. 

RFID tag moves in the similar way as moving 

objects, thus the existing indexing schemes can be used 

to build for tracing tag trajectories.  On the other hand, 

these techniques locate the RFID tags which enter into 

automobile industry, but do not leave a reader‘s position. 

To overcome this issue, data model technique discussed 

in [15] corresponds to tag route as time parameterized 

time dependent intervals; it is probable to recover a tag 

that remains at a reader, irrespective of the indexing 

method. Also the [15] introduced the one more index 

scheme called Time Parameterized Interval R-tree (TPIR) 

using the concept of R-tree [16] in order to retrieve and 

store RFID tag path effectively. By split and insert 

algorithms for the time-parameterized period, this 

technique had a develop query performance when 

comparing with the existing index scheme for moving 

objects. 

An RFID system presented in [8], it is designed as a 

high-level of a large scale. Specific applications are 

utilized to compress and store RFID data into RFID 
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databases. In these databases, data purification is 

integrated with query processing, high level information is 

recovered from partial, highly improvised data 

compression techniques are available, prior statistical 

knowledge and noisy data by exploiting known 

constraints. Person and object tracking concentrate on 

the moving objects in the case of association among the 

object identities and observed features is uncertain. 

However, RFID system the object identity is given as 

a measurement of the readings. The main motive of the 

system is to transfer high volumes of noisy readings into 

accurate location events.  

VG-curve introduced to multidimensional dynamic 

clustering primary index technique that can efficiently 

access and control RFID data [9]. The proposed idea is 

not responsive to the order or number of proportions of 

dimensions limited in the query and is simply created 

within present commercial database management system 

and it is able to process the huge volume of 

multidimensional RFID data. Storing the RFID data in 

multidimensional space permit processing of a wide 

range of queries. On the other hand, this method doesn‘t 

provide full RFID data recovery performance when 

increases the size of multidimensionality. 

III. PROPOSED WORK  

This section is briefly exploring the concept of RFID 

data indexing method in supply chain management. 

Fig 1. Proposed RFID Data Indexing Architecture 

A. Overview of Proposed Architecture 

The illustrated above Fig.1 shows the architecture 

diagram of the proposed system. Initially, the host system 

is frequently sending the RFID tag request to RFID tag 

reader device. The tag reader device is getting the raw 

RFID tag from the moving objects. Then, the tag reader 

forwards the received tag to the host server. After that, 

the received raw RFID data is pre-processed to remove 

unnecessary information from the RFID tag. Finally, the 

pre-processed RFID tag will match with stored RFID data 

to update the location or tracing the moving object 

location. 

HOST SYSTEM 

READER 
ACCESS POINT 

RFID TAG 

Request Tag Data 

Response Tag Data 

R
ead

 T
ag

 D
ata

W
rite T

ag
 D

ata

Raw RFID Data 

Preprocessing 

RFID Data 

Storage 

RFID Data 

Search 

RFID Data 

Update 

National Journal  on  Advances  in  Computing  & Management  Vol.6  No. 1  April 2015                                                               3



The proposed model also has two main data 

structures; the first is the R+ tree indexing implementation 

and the second one is query search processing. They are 

merged to facilitate the search process to the user and 

help him to get the full information of RFID tag data. As 

an object tracking and monitoring applications distributed 

into many geographically separate sites and millions of 

objects, the sheer volume of data poses a scalability 

challenge. A centralized approach requires all data to be 

transferred to a single location for processing. This 

approach incurs both delay of answering queries and 

high communication costs. In this work, we propose a 

novel index approach for object tracking and monitoring, 

which performs queries like where an object (and data) is 

located? using R+ tree technique. Thus performs 

inference and query processing on local RFID streams as 

objects are observed. An object event stream is produced 

from raw RFID data stream, describing the location and 

container of each object. Query processing runs 

continuously on the object event stream and other sensor 

streams to return all answers.  

Input: the RFID tag id of a moving object O 

Output: the indexing information of object O 

1: if O is stored locally 

2: return its indexing information 

3: i ← 1 

4: p =O. id. sub(1, Lp − i) 

5: while true 

6: Res= O at node ( hash (p)) 

7: if Res is not nil return Res 

8: else 

9: i++, p =O. id. Sub (1, Lp + i) 

Fig. 2: Proposed R+ tree Algorithm for RFID Data Storage 

The fig.2 shows our R+ tree indexing steps where 

initially the RFID tag ID is considered for indexing the 

RFID data. The input RFID data are checked initially if it 

is present in the local maximum bound rectangle then 

return the indexing results. Otherwise, compute the hash 

value of indexing RFID data until it finds it corresponding 

RFID tag from the data warehouse.  

The following system configuration is used to 

implement our proposed indexing method: Intel 

corei3 processor, Clock Speed-2.53 GHz, RAM-

4GB, Hard Disk-320GB. MySQL server 2008 is also 

used to store and processing the RFID tag retrieval 

queries on the RFID tag Data. To apply the 

indexing and querying, proposed method used the 

R+ tree that is widely used for the multi-dimensional 

space; And also, the performance of the R+-tree is 

compared with the original B-tree. The R+ tree a 

query index for the aggregate transformed space 

(RID, TIDcell, CID), The R+ -tree is implemented as 

the query index for four-dimensional space (RID, 

manager, product, serial), and CQI and VCR 

indexes are the existing query indexes in two-

dimensional space (RID, TID). The proposed 

method applied approximations to the data of RFID 

indexes because it is impossible to store all the 

segments of query data. All indexes are kept in the 

main memory to support real time processing. 

IV. RESULTS AND DISCUSSIONS  

In this section presents experimental results of 

the proposed indexing method and query 

processing. The efficiency of our proposed model 

and methods can be illustrated by the average 

response time and average maintenance cost per 

query result. The maintenance cost means the cost 

to maintain and update our proposed data structure 

because of incoming RFID readings which can be 

incurred without any query. The response time can 

be evaluated by the query processing cost and the 

maintenance cost at the time point when a query is 

triggered. 

Scalability: The proposed method further test 

the scalability of our inference system by using 

larger numbers of objects in the simulation with 

above mentioned system configuration. Our RFID 

data processing system can scale to 100,000 items 

per warehouse while keeping up with stream speed, 

totaling 1 million objects over 10 databases. The 

above reported results for accuracy and 

communication costs stay true. One way to support 

more objects is to use mobile readers for scanning 

objects on shelves (which is a more cost-effective 

deployment than static readers). Additionally, the 

proposed method uses an RFID reader to scan 

each isle of 90 shelves. The RFID reader reads 
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every second and spends 10 seconds scanning 

each shelf. Given such reduced shelf readings, our 

proposed system can scale to 1.21 million items per 

warehouse while running at stream speed, totaling 

12.1 million objects over 10 warehouses. 

Fig.3(a) shows the indexing rates of the two 

techniques with respect to the number of readings 

in the index. As expected, serialization has the 

highest throughput, and B tree has the lowest. 

Fig.3(b) shows the query throughput of the two 

techniques with respect to the number of readings 

in the index.  

The indexing cost, measured by the total 

volume of queries and their results transferred over 

the network, is considered to study the feasibility of 

the proposed R+ tree indexing algorithm and 

related data structures. Initially, the proposed 

method concentrated on the indexing cost to verify 

that the architecture is scalable. In this test, 

continuously added new nodes into the network 

until the size of the network reached 512. When a 

new node joined the network, a specific number of 

objects were generated on the node and the 

indexing process started. After a random period of 

time, the new node moved 10% of the objects to a 

randomly chosen destination. The proposed system 

collected the total volume of messages transferred 

during the whole process. It also ran the test 10 

times and for the ith (1 ≤ i ≤ 10) time, the number of 

objects generated at each node is 500 i. As we can 

see from Fig.3(a), the indexing cost of the R+ tree 

indexing algorithm increases much slower than the 

individual indexing algorithm. This section also 

studied the performance of the indexing algorithms 

under different network sizes. In the experiment, the 

number of objects generated at each node is fixed 

to 5000 and the network size varies from 64, 128, 

256, to 512. The result in Fig.3(b) also shows that 

with the increase in network size, the indexing cost 

of the R+ tree indexing algorithm increases while 

the individual indexing algorithm shows a horizontal 

line (due to the fixed data volume). The reason is 

that when the network size increases, Lp increases 

as well, which leads to an increase in the number of 

groups (2Lp) and the messages to be transferred. 

Generally, the performance degrades when the 

ratio of data volume to network size becomes 

smaller. As we can see, when the size of the 

network increases, the indexing cost of the R+ tree 

indexing algorithm becomes closer to that for the 

individual indexing algorithm. However, in reality, 

particularly large-scale applications, there are many 

more objects than nodes. These applications can 

take advantage of the benefits brought by our 

proposed R+ tree indexing approach. 

V. CONCLUSION 

This research work introduces novel RFID tag 

based R+ tree indexing technique and query 

processing to the RFID tag tracking applications.  

The proposed R+ tree indexing technique is utilized 

and considering their features of the RFIDs stream 

data that has been working with previous RFID tag 

tracking systems. The proposed query processing 

techniques minimize the computation state 

transferred across RFID tag warehouses while 

approximating the accuracy of centralized 

processing. The conducted experimental results 

illustrated the accuracy, efficiency, and scalability of 

the proposed indexing technique. In future work, 

our work extends to probabilistic query processing, 

exploit on-board tag memory to hold object state 

and enable anytime, anywhere querying, and 

explore smoothing over object relations for other  

data cleaning problems. The experimental results 

show the performance improvement of the 

proposed technique, compared with existing query 

indexes.  

Table 1. Number of RFID Tags Retrieved from R+ tree Index 
Database 

S.No Number of requested 
Readings 

Retrieved Query 
Results 

1 122000 121000 

2 250000 249000 

3 300000 299078 

4 500000 490450 

5 700000 699800 
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Table 2. Number of RFID tag Reading Vs Query Processing Time 

S.No Number of 
Requested 
Readings 

Query 
Processing  
Time(ms) 

1 122000 330013 

2 250000 660025 

3 300000 740043 

4 500000 1100100 

5 700000 1501200 

Figure 3 a). Indexing Throughput 

Figure 3 b). Querying Rate VsThroughput 
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