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ABSTRACT 

 

 

Radio-Frequency Identification (RFID) has made a revolutionary mark in identifying and 

tracking number of different industry objects, which has reduced the manual tracking to much 

higher extent. The key problem which is associated with the reading of RFID tags is the collision 

between tag responses, which makes the reading more difficult and hence requires more time to 

complete identifying all tags. Collisions also reduce the accuracy of the reader to read tags at any 

given instant of time. With many RFID readers being portable these days, limited battery power 

can be an issue, and hence, energy is another metric of interest. The purpose of this thesis was to 

design a protocol which would be helpful to read RFID tags in more efficient manner in terms of 

time and energy.  

A new RFID anti-collision protocol Intelligent ALOHA (I-ALOHA) is proposed that is a 

combination of two existing approaches: Intelligent Query Tree (IQT) protocol and Abramson’s 

Logic of Hiring Access (ALOHA) method. I-ALOHA, like IQT, divides the tag IDs into two 

parts and reads only postfix parts of the tags when the prefixes are common. It uses the basic 

features of ALOHA time slots to reduce collisions among tag responses. Simulations done on 

MATLAB indicated that I-ALOHA performs very well in number of different scenarios in terms 

of energy and time consumption compared to existing anti-collision protocols.  
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CHAPTER 1 

 

INTRODUCTION 

 

 

1.1 RFID Technology 

 Radio frequency identification (RFID) is a technology that is commonly used to identify 

different objects based on their application. RFID uses radio frequency for communication 

among integrated circuits, which are used to store, send, and process information. An RFID 

circuit has two parts: the RFID reader and the RFID tag. The RFID reader has a radio frequency 

(RF) antenna [1], which is used to send and receive information. 

Tags can be classified into active and passive. Active tags usually have their own battery 

source for the tag circuits and antenna. In some tags, the battery can be replaced, and in others, 

the battery is sealed inside. There are many advantages of using active tags over passive tags: 

they can be read at a distance of some hundred meters, which makes the RFID reader more 

flexible while in movement, whereas the passive tag does not have a battery and gets it power 

from the reader itself. Passive tags are installed with a coiled antenna within its structure. As 

shown in Figure 1, when the RFID reader sends radio waves, it generates a magnetic field within 

the coil [2]. This process generates little power for the tags to reply to the reader’s query. Passive 

tags have their own advantages, in that they can function without a battery, which makes their 

lifetimes very long [3]. These types of tags are very cheap and easy to install because they are 

small in size. A passive tag is shown in Figure 2 and an active tag is shown in Figure 3. 
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Figure 1: Tag responses to reader within its range [4] 

 

 

 

 
 

Figure 2: Passive RFID tag [5] 

 

 

 

 
 

Figure 3: Active tag [6] 
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1.2 EPCglobal Standards 

RFID tags have been defined based on electronic product code global (EPCglobal) 

standards [7], into four classes: 1, 2, 3 and 4, and are used to carry basic information of the 

object on which they are going to be installed. The information is stored in the form of bits on 

the tag. Usually, RFID tags are thinner than a sheet of paper and operate at different frequency 

levels [8]: 

• Low frequency tags (125 to 134 Khz) 

• High frequency tags (13.56 Mhz) 

• UHF tags (868 to 956 Mhz) 

• Microwave tags (2.45 Ghz) 

Moreover, RFID replaces bar code-based reading methods, not requiring any line of sight to read 

the tag. Since the information is stored in bits, it is easier to assign a unique identification code 

for several objects.  

1.3 RFID Applications 

RFID has been used in various applications such as health monitoring devices, medical 

applications [9], tracking of goods in a supply chain, and replacement of keys in hotels and 

buildings. Low-frequency RFID tags are used for scanning objects at close range, while the ultra-

high-frequency (UHF) tags are best for scanning a number of goods at one time. 

 RFID can also be used for anti-theft immobilizers and passive-entry systems for cars. 

There is also an application for wild animal tracking systems in ecological studies [10]. Also, T1 

RFID technology is used in popular contactless payment, whereby blue chip companies like 

American Express and MasterCard apply innovative factors to improve brand loyalty and 

increase revenue per customer. 
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1.4 RFID Collision Issues 

As stated previously, the reader in an RFID system usually sends a request in the form of 

a radio frequency signal, and the tags or transponder in the range of those signals respond to the 

request. Sometimes when the number of tags is large, it is difficult for a reader to examine all of 

them at one time due to collisions among the replies sent by those tags to the reader. This occurs 

when a large numbers of tags are requesting to send replies by the reader simultaneously, and 

those tags send their replies at the same time, thus resulting in collisions. Collisions lead to an 

increase in identification time and reduce the reading accuracy. The reader is not able to 

differentiate between replies, and hence congestion occurs. Another type of collision is 

considered reader collision, in which neighboring readers try to read the same tag and in the 

process create confusion [11]. The main focus of this paper is related to tag-reply collisions. 

The basic model designed to read the tags is the query-based tree protocol. Other 

enhanced versions of the query-based protocol are the multi-slotted scheme and multi-slotted 

scheme with a selective format. The intelligent query tree (IQT) protocol was designed based on 

tag-ID format. All of these protocols are explained later in this paper. 

1.5 Contributions 

 The IQT protocol was designed to reduce the collisions based on probability and number 

of other mathematical calculations. I-ALOHA is designed to minimize collisions and along with 

that it also reduces the energy and time consumption to read number of tags with similar 

prefixes. This was achieved by going through number of different protocols, high study over 

slotted ALOHA, merger of ALOHA with existing IQT protocol, and writing MATLAB codes 

for all three types of protocol i.e. query tree protocol, the IQT protocol and the I-ALOHA 

protocol. Then flowchart was then designed to write the codes for all three different protocols.  
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All codes were then simulated over MATLAB and the graphs were generated, which are shown 

in the later part of this thesis. Also some of the designs were implemented to make the tags to 

sleep mode once they are read. The bit format was also changed to smaller one so that the 

MATLAB codes can be easily simulated and generate graphs. The comparison was done based 

on energy, power and time consumption. 

1.6 Thesis Organization 

Following part of the thesis starts with chapter 2, which is the related study of various 

protocols such as QT protocol, and IQT protocol. It also discusses the comparison between 

simple ALOHA technology and slotted ALOHA. Various different schemes such as multi-slotted 

ALOHA with and without sleep are discussed. Later in the same chapter, EPC standards are 

explained based on which the tag formats are designed.  

Later in chapter 3, the working of I-ALOHA is explained with help of various related 

studies. The flowcharts are shown in the same chapter to explain the working clearly. Chapter 4 

shows the simulation and results done on MATLAB. Future aspects and conclusion are discussed 

in chapter 5.  
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CHAPTER 2 

LITERATURE SURVEY 

 

 

2.1 Anti-Collision Protocols  

Many theories have been presented to avoid collisions so that multiple tags can be read 

with one request. These protocols are known as anti-collision or singulation protocols. They are 

usually based on different algorithms with which the tags should reply and how the reader should 

differentiate between them.  

 Typically, tag responses are based on the most popular binary protocols—the binary tree 

(BT) protocol and the query tree (QT) protocol [12]. These protocols split the bits into “0” and 

“1,” and read the reply based on these bits. In the BT protocol, each tag has a counter, which is 

initially zero. This counter lets the tag know when it can transmit; in this case, the tag can only 

reply if the counter reaches zero. In the BT protocol, the reader usually sends a message to tags 

whenever a collision occurs, in order for them to be aware of the collision. When a collision 

occurs, the tag chooses a random number, which it then adds to its counter. During the next 

round, tags that have a number less than MAX/2 transmit, and the process continues. Whenever a 

collision occurs, that tag that is not part of the collision increases its counter by 1. When a 

transmission has been acknowledged, the tag reduces its counter by 1. In the BT protocol, the tag 

stores the information of the queries made by the reader, hence requiring more battery power and 

storage. Therefore, this entire research is based on the query tree protocol in which records for 

the queries have not been stored, which results in less memory required to store the tag ID. 

2.2 Query Tree Protocol 

 The query tree protocol [13] algorithm is based on various steps of queries and 

responses. First, the reader sends a request with a prefix, and the tags with the same prefix reply 
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with the leftover bits. For example, if a reader sends a request specifying that only those tags 

starting from “1” should reply, then the tags that start from “0” will not reply, and hence 

congestion is reduced. Now, if there are a number of tags with the same prefix at that particular 

query, readers know about it. Then the reader tries to expand its query with a larger prefix, and 

the tag replies with the leftover bits; in this way, the QT protocol proceeds. Once the tag has 

been identified, it will be never be queried again, since the reader must use different prefixes and 

not the one matching the tag ID that has been read. This further reduces collisions by forcing the 

tags to act in idle mode. This protocol has some disadvantages, which will be discussed later on. 

Consider an example of four tags—A, B, C, and D—with corresponding IDs of 1001, 1010, 

1011, and 1100. 

This protocol is shown in Figure 4, with all four tags starting with bit “1”; the collision 

occurs at the root of the tree [14].  

 

Figure 4: Query tree protocol 

The tree has been divided into “0” and “1,” where “0” is on the left side of the tree and 

“1” is on the right side. Hence, the reader tries a different prefix. For example, at step 7, where 

the tags sends the request for “11xx,” only tag D replies, and without any collision it is read at 
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that point. Similarly Tags A, B, and C collide at some steps, but the reader keeps on sending 

different prefixes and the tags are read at different stages. Figure 4 represents the basic working 

behavior of the QT protocol in the case of fewer tag IDs. This behavior would be similar for a 

large number of tags, but would result in more collisions and more time required to read those 

tags, as the number of requests will be sent at every collision. 

 Research to prevent tags from sending their leftover bits after a collision has been 

detected is ongoing. This would help to reduce the number of collisions and ultimately 

congestion. Also, there are many techniques to put a node in sleep mode after it has been read. 

This is done so that a tag that has already been read does not continuously reply to a request, 

which can create congestion and collision within the contention window. This paper shows most 

of the work based on common prefixes of tags that are shared within a factory.  

2.3 ALOHA Technology 

 Usually RFID protocols are divided into two types: one is tree–based, and the other is 

based on Abramson’s Logic of Hiring Access (ALOHA). The research in this thesis combines 

both techniques to design a new protocol, hence increasing the reading time and reducing the 

power consumption. ALOHA is basically defined as a frame in which there is a single receiver 

and multiple transmitters, thereby making it a time division multiple access scheme. This thesis 

uses the slotted ALOHA protocol, whereby the frame is based on time slots of the same length. 

The transmission time of a packet takes up one whole slot. Whenever a packet arrives, it is 

transmitted in the next slot. Two or more packets cannot be transmitted into a single slot. The 

question of why the slotted ALOHA was chosen over the single-frame ALOHA arises. The 

following derivation can easily explain the advantage of using the slotted ALOHA [15].

 Consider N number of tags. Every tag will reply with a probability of p within a time 
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period of T [16]. Now calculate the average number of packets sent by tags in the time interval of 

T, which is µ = N.p. To transmit a packet successfully, there should be one packet sent within a 

time interval of 2T. Then calculate the average number of packets sent by the tags in time period 

of 2T, which is µ '= 2N.p. The occurring of different or independent events with the rate of µ  can 

be calculated with the help of Poisson distribution, 

 P (k) = (µ
k
e

-µ
 / k!) (1) 

where P (k) is the probability in that K number of packets are transmitted within a unit time of T. 

Now, ALOHA could be analyzed by the following procedure: Consider a particular packet y, 

assuming that y has been delivered successfully, the probability would be calculated as follows: 

 = Probability {y is delivered successfully} 

  = Probability {No packet is transmitted with a period 2T} 

If the Poisson distribution is considered here to calculate the probability with µ'=2Np, then 

 = P (0) 

 = µ'
0
e

-µ'
/0! 

 = e
-2Np 

Now the throughput can be calculated. In this system, approximately Np attempts for 

transmission are made, each with a probability of e
-2Np 

to transmit through. Thus, the throughput 

can be calculated as 

 Throughput = Np. e
-2Np 

(2) 

Let Np be denoted as S.  The highest value for throughput can be attained by calculating the 

derivative of throughput function of S, 

d/ds(Throughput)=0 

d/ds(Se
-2s

)=0 
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 S=1/2 (3) 

With help of equation (3), highest throughput can be achieved by 1/(2e) ≈ 0.18. This shows the 

ALOHA uses maximum of 18% of its resources. 

 Now, since ALOHA with a single frame has been analyzed, slotted ALOHA can then be 

analyzed, and the derivation would be the same as previously, but now the time period is 

decreased from 2T to T. This would change only the following: 

 = Probability {packet y is transmitted successfully} 

 = Probability {there is no other packet within a time interval of T} 

 = e
-Np

                  (4) 

The equation (4) shows the probability for a packet y to be transmitted successfully. Now, 

throughput can be calculated in the same fashion as for ALOHA as 

 Throughput = Np.e
-Np 

(5) 

Therefore, throughput will be maximum when S = Np = 1; then the value of 1/e would give the 

throughput as 36%. 

 In a similar fashion the alternative analysis can be done for slotted ALOHA; for example, 

at a particular time slot, a tag sends its packet. The probability for the instance to occur can be 

given as 

 Probability = p (1-p)
N-1

 (6) 

Now the average number of tag replies that would be read at this particular slot can be calculated 

as 

 Avg. Number of Tag Replies = Np (1-p)
 N-1

 (7) 

Therefore, the maximum throughput can be calculated when p = 1/N, which will yield 

 S = (1-1/N) 
N-1

 = 1/e (8) 
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This shows that slotted ALOHA is more suitable than ALOHA, since the maximum output for 

slotted ALOHA is 36%, whereas for ALOHA, it is 18%.  

 Along with the above calculation, another calculation should be made in order to reduce 

collisions. If there are a number of tags acting in an area, then the tag closer to the reader may be 

able to override it with data packets sent from other tags because of the greater signal strength. 

This effect is known as capture effect and plays a very important role in throughput. To resolve 

this issue, a threshold has been defined as “b,” a value at which a data packet should be sent so 

that it is stronger than others in order for it to be detected by the reader without any errors, 

whereas G is the load which indicates the number of slots available to read the tags: 

 S = G.e
(b.G/1+b) 

(9) 

 According to equation (9), throughput (S) can be maximized by making the offered load 

G equal to 1. Hence, increasing the number of tags would lead to a decrement of throughput. In 

some cases, it can be worse when no tag has been detected, due to the resultant collisions by a 

number of tags that are contending for the slots. However, this problem can be overcome by the 

dynamic S-ALOHA procedure, whereby the reader transmits the current number of available 

slots for tags to respond [17]. The readers make use of a REQUEST packet, which is sent at 

cyclic intervals. This packet indicates the number of slots available for the reader; if the number 

of tags replying is high, then for each REQUEST, the number of current slots is increased, and 

the process continues until the last tag has been read. Also, to increase performance if the 

number of slots is large, the reader sends a BREAK signal after a tag has been read. Slots after 

the BREAK command are blocked for a particular tag ID. Figure 5 shows that as Tag 1 is read 

without any errors, the response from other tags is suppressed by the BREAK [18]. 
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Figure 5: S-ALOHA with BREAK signal [18] 

 

 

2.4 Multi-Slotted Schemes 

 Research in designing anti-collision protocols that conserve energy has been done. The 

algorithm used here is a combination of binary search and the slotted ALOHA protocol, which 

reduces the number of collisions by reducing the number of tag responses. In this protocol, the 

tag must reply within a slotted time period, which would avoid collision with other tag replies, 

since other tags must reply in another time slot [19]. This algorithm has proven to reduce energy 

consumption by simply reducing the number of tag responses. The tag responses are based on 

EPCglobal tag format. The number of slots assigned totally depends upon the minimum or 

average time required to read all the tags.  One of the best approaches is the design of a multi-

slotted scheme for tag reading [14], as shown in Figure 6. 



  

13 

 

 

Figure 6: Example of multi-slotted scheme [14] 

 

 

In Figure 6, some slots are assigned at a particular node. Consider approximately N 

number of slots. All tags choose random slots and then reply in those particular slots. If all the 

slots are read without any collision, then these tags are not queried again. However, if a collision 

occurs at a particular slot, then the queries proceed, based on different prefixes as discussed 

previously. In this protocol, some tags could be read without collision, but if a collision occurs, 

then the reader must make queries of all sub-trees because it does not know which collided tags 

belong to which sub-tree. Tags will keep responding to the queries until the reader changes the 

prefix.  

 As Figure 6 shows, the query is done based on a binary tree, with each node assigned to 

four slots. Consider Tags A, B, and C, which are been queried by the reader. All tags contend for 

the random slot, where A and C collide, while B is being read at this particular node and hence 

the query is done again. At the next node, A and B collide, while C is read. This is because the 
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reader has no way of stopping the tags from replying again, even if they have been read 

previously. This tree shows a total of five queries and nine responses sent. 

2.5 Multi-Slotted Scheme with Selective Sleep 

Other schemes that use selective sleep in a multiple slotted scheme have been designed 

[14]. When these tags have been read in the tree, the reader sends a sleep signal so that the tag 

does not respond when the next query is made. Figure 7 shows that a sleep signal is used for tag 

B, which gives a total of four reader messages. The tag responses are reduced to five. 

 

 

Figure 7: Multi-slotted scheme with selective sleep [14] 

 

But this approach will not decrease the number of queries because the reader does not know the 

prefixes of the colliding tags. This could reduce the number of the tags that compete for the 

contention window. As the responses are reduced, there would be less collision at the reader end.  

2.6 EPC Standards 

 This research is based on tag formats, which are divided into two parts and will be 

discussed later in this thesis. EPCglobal, known as electronic product code technology, is a 
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venture that usually defines standards for RFID formats [7]. Typically, a tag is the combination 

of three parts: a chip, an antenna, and the body, which is used to pack the chip and the antenna. 

Millions of tags are made around the world, so tags need a unique identifier that can differentiate 

among them. RFID tags are so unique that no two tags can have the same identifier. These tags 

provide a very essential way to connect any physical object to a computer network by providing 

its information. Therefore, the design of tags is very simple, as shown in Figure 8. 

 

 

Figure 8: RFID tag with chip and antenna [20] 

 

 

Consider a passive chip, whereby a reader sends a radio wave as a request to the RFID 

tag, and in reply, the tag sends its EPC code. The chip on the tag only stores its EPC code, which 

generates its basic information at the readers end. The basic tag format is shown in Figure 9. 

 

 
 

Figure 9: Basic EPC tag format [21] 
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 This format shows the four main parts of a tag. The four-digit header indicates the type, 

structure, length, and EPC generation [21]. The EPC manager number is responsible for making 

partitions, describing which company or organization has authority over a group of products or 

objects in the supply chain. The class indicates the category of objects in the supply chain. The 

serial number indicates how a company chooses to assign serial numbers and identifies different 

instances for a particular set of object classes. Tags usually transmit data in the form of 0’s and 

1’s. The two known formats for the EPC structure are 64 bits and 96 bits, as shown in Figures 10 

and 11; they also accommodate the existing identifiers.  

 

Figure 10: 64-bit EPC structure format [21] 

 

 

Figure 11: 96-bit EPC structure format [21] 

 

The 64-bit and 96-bit formats are used for the global local number (GLN), serial shipping 

container code (SSCC), global returnable asset identifier (GRAI), global trade item number 

(GTIN), and global individual asset identifier (GIAI). The general identifier always uses the 96-

bit format. In this research, the 64-bit EPC structure was considered for all simulations. 
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2.7 Intelligent Query Tree Protocol 

In some protocols, tags are divided into two parts, in order to minimize the reading time 

and make it more efficient [22]. Consider a factory that every day manufactures thousands of 

products, all tagged with RFID tags. These products are scanned with large RFID readers to 

retrieve information. During a normal process, the entire tag is read by the reader, even though 

most tags have common prefixes. According to the research, the intelligent query tree protocol 

was designed to divide tags into two parts: prefix 1 and prefix 2. This protocol was intended to 

increase the efficiency of the reader to read each tag by reducing the number of bits being replied 

to by the tag. This was achieved by the EPC structure description with its prefixes, such as EPC 

version, product ID, and manufacturer ID, which are common on products that are manufactured 

by the same industry. The IQT protocol usually maintains a history of tags that have been read 

since the reader’s installation. The purpose of maintaining a history is to reduce the large number 

of collisions within a reading cycle. The IQT protocol was basically designed for a scenario in 

which there is only one reader and multiple tags. Here, when a reader sends a request for a 

particular prefix, the tag with matching prefixes only replies with its tag ID. During this process, 

a table is maintained by the reader in which prefixes are stored according to their priority. The 

most-used prefix is at the top of the list and has the highest priority, and the reader will always 

start with the query using this particular prefix. In a single factory, a prefix assigned by the EPC 

to that factory is usually at the top of the table, which is understood. The IQT protocol is totally 

based on the query tree protocol, which works in the following way: whenever a query is done, 

the reader removes the query from the queue and moves on to the next prefix. At any time, if two 

replies collide with each other (matching the same prefix), then the reader removes the current 

query from the queue and generates two more queries, one query with “0” as a prefix and another 
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query with “1” as a prefix.   Some IQT protocols differ in that they avoid sending the common 

prefixes with every query. 

There are various advantages of using the IQT protocol over the basic query tree 

protocol. The former reduces the number of collisions by caching the prefixes into a table. It also 

reduces the number of bits transmitted and hence reduces the energy consumed. Also, it makes 

use of information from previous queries, which in turn reduces collisions.  

The key terms used for the IQT protocol are EPC code, read cycle, query, invert query 

command, and prefix pool. The EPC code globally assigns a product with a unique ID, 

considered the standard for reading by all vendors. The EPC code is comprised of four parts: the 

EPC version, manufacturer ID, product ID, and item ID. When a number of tags are to be read, a 

query set is maintained, and a cycle is run for each query. These cycles are known as read cycles. 

It is not possible for a reader to read all tags in one cycle because there might be interference 

from other reader queries or a collision between the replies sent by tags. Every time a reader 

sends a request that consists of a prefix, this is known as a single query. Tags will get these 

requests, and only those tags with prefixes that match the prefix in the query will respond. In a 

situation when the prefix of a tag is not listed in the reader’s table, the possible solution for 

reading the tag is by using the invert query command, which is opposite to the normal query 

command. Whenever all prefixes for the table are consumed, this command should be sent so 

that the tags whose prefixes have not yet been called can respond. This command is used to 

ensure that all tags have been read. The prefix pool is a collection of all prefixes in one table, and 

the prefix that is commonly used has the highest priority and is at the top of the table. Queries are 

generated according to the contents of this pool.  



  

19 

 

The IQT protocol uses the same hierarchal structure as the query tree protocol. The 

common nodes for the tree are as follows: identified node, collision node, and unresponsive 

node. When a node has been identified, it is marked as such, and one node is identified for a 

particular prefix. Collision nodes are those nodes that replied in bulk for a particular query and 

thus resulted in collision. Unresponsive nodes are those that did not reply for any of the prefixes 

from the pool, and these tag IDs are left unread.  

Some of the notations used in the IQT protocol are as follows: 

• EPC:  Current EPC version used 

• Manufacturer_id  

• Product_id 

• Item_no 

• Prefix 1: EPC version + Manufacturer_id + Product_id 

• Prefix 2: EPC version + Manufacturer_id 

• Max_tries: Notation for the prefixes, to store maximum number of queries for which 

that prefix has been used, so that a prefix table can be maintained 

• k: Number of bits in tag ID (usually 64 bit) 

• Prefix: the prefix used, either prefix 1 or prefix 2 

• Rem: (k – prefix) bits 

 When a reader is installed, it maintains a prefix table without having knowledge of the 

tag prefixes. Initially the IQT protocol works similarly to the query tree protocol, with simple 

queries being sent over the range of the reader. However, from time to time, the reader performs 

continuous reading and keeps building up the prefix table according to the formula, whereby the 

prefix with the highest priority is at the top of the queue.  
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 The working of the IQT protocol follows this type of procedure. Consider a table that is 

maintained after a subsequent reading, whereby a prefix with the highest priority in the table is 

chosen, and the inverse query command are executed. First, the prefix 2 part of the first prefix is 

chosen, and the inverse query command is executed to ensure that there are no other tags with 

different prefixes. If there are no tags with different prefixes, then they are considered tags under 

the same prefix, and hence the next step is followed. Otherwise, if there are some collisions after 

the inverse query command is executed, then prefix 2 from the next prefix in the table is chosen, 

and the process continues until no more collisions occur. 

 Once prefix 2 is read, the same process is run for prefix 1, starting at the top of the table. 

This phase cycles for Max_tries. If all the above steps fail, then the reader must go to the normal 

QT protocol to generate prefixes for the table. For example, if a reader sends an inverse query for 

prefix 1 and no other tags reply, then this means that all tags have the same prefix with a 

different Item_no. The reader now uses the left part of the tag ID to read the tags and discards the 

prefixes since it is now aware of the tag prefix. Figure 12 shows that the reader selects only 

Item_no from the tag replies and discards prefix 1 from the replies. When there is no other tag 

with a different prefix, the reader will not send queries for the prefixes. Figure 12 shows when 

Tag 1 and Tag 2 reach the reader. 
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Figure 12: Reply from Tag 1 and Tag 2 

 (M_id is Manufacturer_id and P_id is Product_id) 

 

 

Another scenario can also be considered. When there is a collision while prefix 1 is being 

broadcast, the reader will now go for an invert query with prefix 2. If there is no collision, then it 

is understood that the tags have the same manufacturer ID but different product ID. In this 

process, the reader will ignore those bits that come under prefix 2 and will read only the leftover 

bits.  

 Consider a scenario in which all of prefix 1 or prefix 2 is used for prefixes listed in the 

table, and still there are some replies from the tags, which means that the prefixes are not listed 

in the table. For this issue, a normal query tree will come into action and read the leftover tags. 

This procedure can be easily summarized in the following three steps: 

• If all tags have the same prefix 1, then queries are not made for any other prefixes; 

only the Item_no of the products is read by the reader.  

• Else, if prefix 1 fails, then prefix 2 is used; if all tags have the same prefix 2, then 

only the Product_id and the Item_no are read by the reader. 
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• Else, if prefix 1 and prefix 2 of all prefixes fail to read all the tags, then a simple 

query tree protocol is run to read over the leftover tags. 

The advantage of the IQT protocol over the QT protocol can be clearly seen. The IQT 

protocol is very effective in a scenario where all tags belong to the same manufacturer, for 

example, within an industry. The IQT protocol will perform an initial query for prefixes; when 

all the bits of the prefix are matched, there is no need to match the prefix again and again, as is 

done in the simple QT protocol. Hence, energy and time is saved in not having to read these 

extra prefixes. Also, the IQT protocol performs the learning procedure of the previous queries, 

which makes the reading more efficient.  

 In the end, it can be concluded that the IQT protocol is more useful in areas where the 

reader has to read the same prefixes multiple times. Tags with same prefixes will be read in very 

less time with help of IQT as compared to QT protocol. Those readers can be installed in 

showrooms, large malls, large manufacturing areas, storage, etc. However, the IQT protocol has 

some major issues: 

• The RFID reader should have some memory or flash installed so that it can store previous 

queries. 

• The tag relying on the same prefixes may also collide at the reader end. 

• Tags from different vendors have different prefixes, which can cause many collisions 

while reading. 

• There is no way to change the tag status to sleep once it has been read. 

2.8 IQT Applications 

Various type of different scenarios where the intelligent query tree protocol can be 

applied are as follows: 
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Scenario A 

Consider an industry that manufactures a number of products every day, and these 

products are sent to warehouses or showrooms [23]. These products have tags that are read by 

the reader installed at every outgoing gate of the industry. These readers usually keep track of all 

the products that are been sent out, which is typically done to maintain security and management 

of thousand products without any manual effort. If the products are manufactured under the same 

industry, then the same prefixes must be on all the tags, and hence, the queries to read the tags 

can be reduced with the help of the IQT protocol. 

Scenario B 

Currently, CISCO [25] is working on different applications to provide more flexibility in 

the automotive industry. Usually cars within showrooms are tagged with RFID tags with the 

same prefixes. Cars are tracked with the help of an RFID reader installed at all signal lights 

within the city. Figure 13 shows an example of these tags, which are similar to toll pass tags. The 

showroom can keep track of car maintenance, and also security can be enhanced. 

 

Figure 13: RFID tag installed in a car [24] 
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Scenario C 

 Consider large stores like Wal-Mart [26], which want only their own products read at the 

exit area and not products from other store. This is done to maintain security and minimize the 

database, since Wal-Mart would not be interested in the details of products from other stores. 

This can be achieved by reading only those prefixes that are tagged under Wal-Mart-assigned 

prefixes. Hence, in these scenarios, the IQT protocol can play a very important role while 

reading. 

Scenario D 

 The IQT protocol can also be helpful in maintaining airport security, where the passport 

of every passenger traveling is tagged with an RFID having the same prefix for that particular 

airport [27], as shown in Figure 14. In this way, airport authorities can keep track of passenger 

movement over the terminals. Readers can be installed at a particular distance at every point 

within the airport. When the passenger departs from the airport, the tags are removed from the 

passport at the terminal gates. This technology would be useful at those airports with large 

terminals and high passenger volume. 

 

Figure 14: Embedded RFID tag in a passport [28] 
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Scenario E 

In large animal sanctuaries, animals can be tracked with the help of collar tags. One 

sanctuary may be assigned one prefix, and therefore, the reader does not have to read all bits 

from the tags of every animal. This would help tourists track different kinds of animals within 

the sanctuary.  

2.9 Frame Slotted ALOHA 

 As discussed previously, this research is a combination of the tree-based and ALOHA 

algorithms. Until now, discussion has focused on how tags can be divided into two parts and how 

reading bits can be decreased. Consider that there are a large numbers of tags to be read; since 

the prefixes are common, only the remaining number of bits is read. To reduce collision, 

ALOHA is employed. As discussed previously, ALOHA is divided into slots, and each tag 

replies at particular slots. However, slotted Aloha can also be categorized on the basis of 

different features. For example, a basic frame-slotted ALOHA [29] protocol uses a fixed-length 

frame, which remains the same size until all tags have been read. Whenever an RFID reader 

sends a request to the tags, it includes some basic information, such as frame size [30]. As soon 

as the tag receives this part of the information, the tag replies to the request at particular (or 

calculated) time slots.  

Figure 15 shows slots in which the reader sends a frame size to the tags, and then the tags 

reply. As shown, some tags are read, some collide over a single slot, and some slots are left 

empty—all the result of fixed frame size. Similarly, if there are a large number of tags to be read, 

then this would lead to collision and empty slots, hence reducing the tag-reading efficiency. 
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Figure 15: Frame-slotted ALOHA [30] 

 

 

 To overcome the disadvantages of the simple slotted ALOHA, some authors have 

explained the advantages of using the dynamic frame-slotted ALOHA. This is a time-based anti-

collision protocol in which the tag replies at different time intervals. According to this 

technology, the reader usually keeps track of the earlier frames used to read the tags, and then 

interrogates the slots under which the collision occurred, the slots that are left empty, and the 

slots that are utilized to read the tag.  

 In the dynamic frame-slotted ALOHA, the reader sends a request to the tags within its 

range; this broadcast request contains a dynamic feature known as frame length, which informs 

the tag of the slots and the time divisions. Tags then reply according to their time slots. For a 

particular time slot, the only states that could occur are whether the tag has been identified, two 

or more tag replies collided, or the slot was left empty (also referred to as idle slot). This request 

can be considered one cycle, before another request is broadcast within the range of the reader. 

After this cycle, the reader will analyze the empty slots and where the collisions occurred.  

 After analyzing the slots, if there are slots on which a collision occurred, the reader then 

estimates, with the help of previous readings, the number of tags to be read. Then the reader 
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sends a frame size request, which is calculated after estimating the number of tags. The reader 

also sets a threshold value for the collisions. Again, if the number of collisions is more than the 

threshold, then the reader increases the number of slots. But if the collisions are less than the 

threshold, then the reader decreases the number of slots in the next query. If there are no 

collisions at any stage, then the reader stops its reading cycle. How does the reader estimate the 

number of tags to be read? After the first cycle, if the number of collisions is large, the number 

of tags can be estimated based on that number. On the other hand, if the number of collisions is 

small or the number of empty slots is large, then that would suggest that the number of total slots 

is very small. 

 The dynamic frame-slotted ALOHA, hence, can increase the efficiency of reading tags. 

Also, the reader can be assigned a maximum frame-size value that can be used to read them. This 

is the disadvantage of dynamic frame-slotted ALOHA technology, since it cannot be used for a 

large number of tags. Figure 16 shows the different number of slots used under consecutive 

frames. 

 
 

Figure 16: Different numbers of slots used under consecutive frames [30] 

 
 

It is understandable that the number of collisions is directly proportional to the number of 

tags present within the range of the reader, i.e., the number of collisions is greater if the number 

of tags increases within the range of the reader. That is why the author has also explained a 

theory related to enhanced dynamic frame-slotted ALOHA, as per Chebyshev’s inequality 

theorem, which states that the result of any experiment is usually near the expected value. The 
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following expression gives the difference between the exact results and the expected results, 

which will help to estimate the number of tags by reducing the difference to a very low value:   

Evd(N,C0,C1,Cc) = min  

where N is the number of the slots used in reading the cycle, n is the number of the tags to be 

read, C0 represents the empty slots from a previous cycle and, similarly, C1 represents a slot 

where the tag has been read, and Cc is the slot in which collision occurred. Also, a0
N, n

, a1
N, n

, and 

ac
N, n

 denote the estimated value of the empty slot, the slot where the tag was read, and the slot 

where the collision occurred, respectively. The expression for the expected value is given by  

 

where 0, 1, and r are the number of tags in one slot. If the number of tags in a scenario is large, 

then the estimated number of slots can be obtained by  

N ≈ n+ 1, n>>1 

This expression indicates that if the number of tags is approximately the same as the number of 

slots, the reading efficiency will be maximized. If there are a large number of tags left unread, 

grouping them according to which will respond to the request at a particular time is suggested. 

The number of groups can be formed by the following equation: 

M = unread tags/N 

 The improved dynamic slotted ALOHA is used in a scenario when there are a large 

numbers of tags presented in the range of the reader, and the number of tags is not known 

initially. Under this scenario, the tags are divided into a number of groups based on different 

frequency channels. Each group is assigned a frequency range as follows: 
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G = ntotal / Nmax 

Where G is the number of frequency channels, ntotal is the maximum number of tags that can be 

read, and Nmax is the maximum size of the frame. This grouping based on frequency channel 

should be done when designing the readers and the tags, not during communication. Also, the 

reader should have a feature to enable it to be tuned to a set of frequency groups. This process 

can easily enhance the tag-reading efficiency with respect to energy and time. 

2.10 Adaptive Binary Splitting 

 In this technology, the reader uses information from the last process of tag identification. 

This is known as adaptive binary splitting and is based on the tree-based anti-collision protocol 

[12]. Collision can also be caused by neighboring readers that are trying to read the same tag that 

is in the range of both readers. Passive tags, which are not capable of knowing their neighboring 

tags or detecting collisions, are usually those tags that cause the greater number of collisions. As 

discussed previously in the frame-slotted ALOHA, the tags respond to the particular slots based 

on time or frequency. However, ALOHA-based protocols are not capable of reducing the 

collision perfectly. A major issue related TO ALOHA-based protocols known as the starvation 

mode occurs if the tag has not been identified for a long period of time. In query-based or tree-

based protocols, tags do not undergo starvation but rather enter a very long delay while being 

identified. Tags that collide are divided into two groups (those with binary numbers 0 and 1), and 

maintain a counter and a number generator. Tags in group 0 usually transmit their tag ID 

immediately, and those in group 1 transmit later.  

 The query tree protocol is considered a memory-less protocol, since it does not have to 

remember information from previous queries. The query tree protocol reduces the delay for 
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identification in a number of ways, but most of these are based on reducing the tag ID 

transmission time and not minimizing collision. 

 In adaptive binary splitting, different time slots are allotted, and empty slots are 

eliminated. In other words, the process to allocate slots involves assigning slots to read the tag ID 

without collision and removing those slots that went empty while reading the IDs. Tags are 

capable of occupying the next slot, based on the schedule of the slots. 

 Under this technique, the transmission from tags is based on continuous communication 

between the tag and the reader. The reader is capable of detecting collisions and informing tags 

of the collision. This will lead to grouping the tags based on the binary number (0 or 1) sent by 

the reader to the tags and will continue until all tags have been read. This technique also 

reassigns the collision-free slots to those tags that were not read in the last slots. As discussed 

previously, that frame is the range of the slots that can be used to identify the tags. They can be 

tuned into at any time by the reader during particular time periods. The reader usually keeps 

updating the tags, informing them about the current time slot for which the tags contend. The 

basic idea is to bypass those slots in which collision occurred or were left empty. 

 The tag usually maintains a record of the current slot number that is allocated to it, 

known as the allocated slot number, and also maintains a record of the progressive slot number,, 

or slot number that had been passed earlier and is counted when the slot has read a tag. All tags 

have same value as the progressive slot, which is only increased by a factor of 1. Initially the 

number of progressive slots is 0. If the allocated slot of the tag is equal to the progressive slot, 

then the tag can reply with its ID for the next time slot. The different states, shown in Figure 17, 

are as follows: 
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a) Active: The allocated slot number is equal to the progressive slot number, and the tag can 

now transmit its ID. 

b) Wait: The allocated slot number of the tag is more than the progressive slot number; the 

tag will wait for when the progressive slot number becomes equal to its allocated slot 

number so that it can transmit its ID. 

c) Sleep: When the allocated slot number is less than the progressive slot number, the tag 

has been read and will not transmit its ID. In other words the tag is sent to sleep mode. 

 

Figure 17: Adaptive binary splitting process [12] 

 Tags can also chose favorable time slots in an elimination process when the allocation 

process keeps on changing the allocated slot number. If the tags collide, then they would select 

one of two binary numbers (0 or 1). Those tags that select 1 will wait, and those that select 0 will 

respond. Those tags that chose to wait will increase their allocated number. The process to 

change the allocated slot number due to the factor of empty time slot elimination and time slot 

allocation is very fast.  

 The reader is capable of determining the end of the frame with the help of a progressed 

time slot and the terminated time slot number. The reader increments the progressive time slot by 

1 whenever the tag is read on a particular time slot. The last time slot is denoted by the 
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terminated time slot. If the number of progressive time slots is more than the number of 

terminated time slots, then it can be concluded that all tags have been read and a signal is 

transmitted indicating that the frame has been terminated.  

 The efficient way of determining the end of the frame is to have an optimal length 

depending upon the number of the tags within the identification range. In other words, if the 

number of terminating time slots is too large and the number of tags is less, then this will result 

in a greater number of empty time slots; similarly, if the number of terminating time slots is 

small and there are several tags to be read, then this will result in collision, and many tags will be 

left unread. Since the numbers of nodes are not known ahead of time, the best way to overcome 

this flaw is by the time slot allocation process and eliminating the empty slots. When all tags are 

read, the reader starts to act as the tag with the largest allocated slot number, and the tags will 

send updates which act as a terminated slot number for the reader, and then reader would 

terminates the current frame 

 Consider a scenario in which four tags—A, B, C, and D—are divided into two different 

subgroups when they collide with each other. Figure 18 shows the identification process using 

the tree-based structure: circles show the time slots when a tag is transmitting, and the number 

within the circles indicates the number of tags transmitted at that particular instance. The 

rectangular box represents the sequence in which the tags are recognized. These four tags are 

read by the reader after three collisions.  
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Figure 18: Reading Tags A, B, C, and D [12] 

 

 

2.11 Depth-First Search-Based Query Tree Protocol 

The depth-first search (DFS)-based query tree protocol was designed to reduce the steps for 

indicating tags in the interrogation zone by using a depth-first search, as in query tree protocols. 

To stop retransmission, the depth-first search [31] was implemented at the height of the binary 

tree instead of going for the root. This reduced many of collisions. A pointer is defined with each 

tag, which points toward the least bit of the ongoing reading of the tag. The data packet sent by 

the reader contains one query bit (Q), query positioning data (P), and null bit during the query, as 

shown in Figure 19. The null bit informs the termination of the data. At a stage when P is equal 

to Q, the tag sends its next bit and moves the rest of its read bits to standby. This process will 

keep on running until all bits are read. 

 
 

Figure 19: Data package generated by reader [31] 
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CHAPTER 3 

I-ALOHA 

 

 

3.1 I-ALOHA Introduction 

This chapter details information about the intelligent ALOHA (I-ALOHA) protocol 

designed to enhance the reading efficiency of tags. It proposes a new protocol that can be 

implemented in a scenario when a reader is installed in a single factory, retailer, showroom, etc. 

The main properties kept in mind while designing the I-ALOHA were energy and time. This 

protocol consumes less energy compared to the basic QT protocol and the IQT protocol. The 

name I-ALOHA suggests that it is a combination of both technologies used in reading, i.e., 

ALOHA and query tree.  

Radio frequency identification is accepted around the world by many manufacturers, 

industries, and retailers. This system is used to track and retain the information of all products or 

items manufactured or delivered from place to place. As discussed previously, RFID is a 

combination of tags and reader. Tags are usually installed on the product or items and scanned 

with an RFID reader. Different readers operate at different frequencies, which will be discussed 

below. The reader and tags communicate over common, shared, wireless channels. Due to the 

channels being shared, there is a high chance of collision between the replies of the tags or 

between the requests sent by different readers. Due to these collisions, a large amount of research 

is taking place to reduce them and to read all tags in a range efficiently. This paper is based on a 

single reader and a large number of tags installed within the same factory or industry.  Figure 20 

is an example showing ten tags to be read by a reader. Tags are represented by circles, and the 

reader is represented by a black rectangle. As shown, the reader has a limited range and can only 

send requests to those tags that come into that range. 
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Figure 20: Range of a reader 

 

Tags 1 to 9 can be read, but Tag 10 is out of range. The reader will send the request to all 

tags in the range, and the tags will reply as soon as they receive the request. All tags are unaware 

of the reply sent by other tags, so there is a much higher chance of collision occurring among 

replies at the reader’s end.  

3.2 Frequency and EPC Standard Used for I-ALOHA 

The tags and reader operate on a number of different frequencies, although the antenna 

and tags operate at the same frequency. RFID frequency is divided into four ranges: low, high, 

very high, and ultra high. These ranges are defined to overcome the disadvantages of each other, 

since all have their own pros and cons.  

The various ranges for frequencies are shown in Table 1. The United States uses an ultra 

high frequency (UHF) range of 915 MHz for RFID applications, while Europe uses 868 MHz. 

Two advantages of UHF over low-frequency (LF) tags are better range and better data-transfer 

rate. LF tags are much cheaper compared to other tags. High-frequency (HF) tags are more 
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effective in a shorter range and have the capability of penetrating into non metals, such as plastic, 

water, etc. Since industry agrees upon the frequency range, the next task is to choose an antenna 

that will best suit its requirements. Antennas are usually chosen from a range of different shapes 

and sizes. For a longer range, larger antennas, which can read active tags at around 100 feet, are 

required. These antennas are designed to read tags without stopping the item while passing 

through the RFID reader gate. They can be installed over or beneath a conveyor belt that 

transports the products. 

TABLE 1 

FREQUENCY RANGES 

TYPE ABBR. RANGE RFID USES 

Low Frequency LF 30 kHz to 300 kHz 125 kHz 

High Frequency HF 3 MHz to 30 MHz 13.56 Mhz 

Very High Frequency VHF 30 MHz to 300 MHz Not used for RFID 

Ultra High Frequency UHF 300 MHz to 3 GHz 868 MHz, 915 Mhz 

  

 

 Today, tags are designed based on electronic product code standards. EPC is a joint 

venture between the European Numbering Association and the Uniform Code Council. The EPC 

numbering system was designed to differentiate various tags. As discussed previously, the tag 

format consists of the EPC data structure, serial number, individual product identifier, and 

manufacturer ID. Basically, two classes are defined for the tags before the EPC tag standards:  

Class 0 and Class 1. 

Then the EPC defined a common tag standard known as UHF Class 1 Gen 2, commonly 

known as Gen 2. This is a true open standard, which can be used to manufacture tags and readers 

by different companies. The advantages of using EPC standards are as follows:  

• Increased performance. 
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• Multiple sources of product. 

• Low cost. 

• Platform to develop different anti-collision protocol. 

As discussed previously, the two common types of RFID tag formats are 96 bits and 64 bits. 

Both are used depending upon the requirements. The basic format for a 96-bit tag and how the 96 

bits are divided into different segments is shown in Figure 21. Similarly, the tag format for 64-bit 

tags is shown in Figure 22. 

 
 

Figure 21: EPCglobal 96-bit tag format [21] 

 

 

 
 

Figure 22: EPCglobal 64-bit tag format [21] 
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  Usually a 64-bit format is widely used in daily applications, so the simulations in this 

paper are based on that format. Thus, I-ALOHA is designed on the basis of IQT, where the tags 

are divided into two parts: prefix and postfix. Also, I-ALOHA makes use of the contention 

window in the form of a tree where the number of replies contends for the window at that 

particular stage. This is more clearly explained below.  

 Consider a 64-bit format. The first 19 bits will be the same for a company or an industry, 

and includes header, filter value, and company prefix index. The remaining 45 bits are there to 

be read if the first 19 bits are common. Similarly, for the 96-bit format, the first 36 bits are 

common for the same company or industry, leaving behind 60 bits which should be read. The 

reader will send the request for the leftover bits if the prefix is the same. 

3.3 Working and Methodology 

The I-ALOHA protocol works similar to that of the IQT protocol, but it has added ALOHA 

slots at every stage to reduce queries per reading. The prefixes can be classified into two more 

types: 

• Prefix A: Bits comprised from the EPC version, manufacturer ID, and product ID if all 

items are under same product name but have different serial numbers. 

• Prefix B: Bits comprised from the EPC version and manufacturer ID. This prefix will be 

used when there are number of items belonging to different product families. 

Figure 23 shows a simple query tree protocol using the I-ALOHA protocol to identify the 

prefixes for the first time.  The working of the I-ALOHA protocol can be understood by 

examining this tree. 
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Figure 23: Basic query tree 

 

 Initially the reader has no knowledge of the prefixes of the tags that are to be read, so 

those prefixes are read by the basic query tree protocol. The reader performs the basic QT 

protocol and waits for the reply. As shown, there are ALOHA slots available at every stage. 

Once the replies are sent by the tags, they contend for those slots, which sometimes results in 

collision, and hence the reader will get to know that the collision has occurred. According to the 

example, the replies are divided on the basis of “0” and “1.” Those replies starting with “1” are 

read on the right side, and those starting with “0” are read on the left side. This notation is simply 

to explain the reading process of the reader. Numbers of slots are based on subsequent reading, 

the reader estimates the average number of tags read in previous reading and assign that number 

of slots. Now, for example n number of tags was read in last query so the reader will have n 

number of slots for the current query. With help of binomial distribution probabilities of 

readable, empty and collision slots can be calculated. These probabilities can be used to calculate 

collision ratio which is the ratio of number of collision slots to frame size. If the ratio is high then 

the number of slots would be increased in next query otherwise if the ratio is less than the 

number of slots are reduced in next query. 
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 As the reading progresses, the reader starts building a table in which to keep a record of 

the prefixes. For example, consider Tags AB, AC, AD, and AE. The first letter indicates the 

prefix of the tags, and the second letter indicates the postfix. It is understandable that all tags 

have the same prefix, so the reader will now read the postfix part of the tags.   

 A question arises about how the tags will know whether or not they have to reply. This is 

the reader-based protocol; in other words, the reader will decide who will reply to its request and 

who will not. Table 2 is an example of the prefixes used in the corresponding food product 

companies. Consider that the reader is installed in a retail shop that supplied primarily Nestle 

products. Here, prefix B is assumed to be 4 bits to simplify the working of the I-ALOHA 

protocol (note: the prefix for a 64-bit tag can be 19 bits for prefix B or 39 bits for prefix A). Most 

of the time, the products scanned are Nestle products, so the reader will only read the remaining 

bits, not the entire tag ID. Initially the reader will send a reverse query for prefix B, querying that 

those tags with the same prefix as prefix B should not reply. For example, in this case, consider 

all items are under the same company, i.e., Nestle, and under the same product family, which 

means they have the same prefix A. Now as soon as these tags get a reverse query, they will not 

reply, and the reader will learn that all tags are manufactured by the same company and thus 

have the same prefix B. Consider Table 2, which shows examples of tag IDs. 

TABLE 2  

TAG ID EXAMPLES 

Company Name Prefix B Prefix A (Range) 

Nestle 1011 101100-101111 

Mars 1001 100100-100111 

Hershey’s 1100 110000-110011 
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Cadbury 1000 100000-100011 

Britannia 1110 111000-111011 

M&M 1101 110100-110111 

 

 The reader will again send a reverse query, this time using prefix A. Again, as stated, 

those tags belonging to same company and the same product family will not reply. The reader 

will now only make the query for the leftover bits, which will be explained in following section. 

If the 64-bit tags are in use, the reader will make a query for only 25 bits, whereas in the 96-bit 

format, the reader will query for only 36 bits, hence reducing the number of reading cycles and 

time. 

 Consider two different products from Mars and Hershey’s along with a pack of the Nestle 

product. Initially, the prefixes for Mars and Hershey’s were learned from the basic QT protocol, 

but for subsequent readings, the prefixes were found in the stored prefix table. Readers will now 

send a reverse query for prefix B of Nestle, since there are products from different companies, so 

the reader will get some replies, and then the reader will go for the prefix B of Mars and still it 

will get some replies from Hershey’s product tags. Then the process continues until there are no 

tag replies for subsequent prefixes from the table. Note that the prefixes placed in the table are 

based on the number of times they have been used by the reader. Those prefixes that are used 

more often are placed at the top of the queue, followed by the next higher prefix used.  

 In the above example, when the reader sends a reverse query for prefix B of Mars, only 

products under Hershey’s will reply, but Nestle tags will not reply. This is because the reader 

usually puts those tags in sleep mode until all of the following prefixes are judged. After reading 

prefix B, the reader will go to prefix A for all companies that the reader has detected.  
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 Once the prefixes are read, the leftover bits are read in the same fashion, as shown in 

Figure 24. 

 

Figure 24: Reading leftover bits 

 

 The reader will now get to know how many different type of tags will be read, and using 

a straight query, the reader will ask the tags to reply for those saved prefixes that are identified in 

the last paragraph. The leftover bits on those tags are read by the old query tree protocol along 

with the ALOHA slots. The reader differentiates between the replies based on the first bit that is 

either “0” or “1.” Either side there are pre-defined ALOHA slots for which the tags content if the 

collision occur, then the reader will generate another ALOHA slot through some specific 

algorithm based on the hit-and-trial algorithm. 

 As per comparison made in Energy Aware Tag Anti-Collision protocol [14] for small 

number of slots there is much reduction in energy consumption. More number of slots may 

increase in energy consumption but not optimal for the time window. Increasing number of slots 

also result in wasted slots and therefore small number of slots is used in this thesis. The results 

are shown based on different number of slots and the metric used for comparison was time and 
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energy. Number of slots remains same at every point of sub trees in the following research. The 

reader is capable of determining if there is any collision in any of its slot.  

Other theories [32] have suggested overcoming the unfilled slot if the slot is not used 

while the tags are contending. Consider four ALOHA slots, where the first tag is successfully 

read on the first slot but collision occurred on the second slot, which resulted in an empty slot. 

Now, as soon as the reader indicates that a slot is vacant, it should switch to the next available 

slot, hence resulting in a quick reading time of the tags. In this case, the reader should wait for a 

while to check if the slot is used up to read the tag otherwise it should switch up to next slot. All 

of these values depend upon the number of defined ALOHA slots. The workings of the QT 

protocol, IQT protocol, and I-ALOHA can be explained through simple flow charts, as shown in 

section 3.4.  

3.4 Flowchart 

The query tree protocol, shown in Figure 25, is based on queries made as discussed in 

chapter 2. This flowchart explains how the basic query-based protocol works, whereby the query 

is sent by the reader to all tags in its range and receives response from them. The response is read 

based on the first bit of the tag ID. If there is a collision, then the reader again sends a request 

and tries to read all tags in its range. The intelligent query tree protocol can be explained in 

Figure 26. Figure 27 explains the workings of the I-ALOHA protocol. The flowchart in Figure 

27 is a simple representation of how the I-ALOHA protocol works. It does not show the exact 

query process, which reads every bit in the process. Following up with the flowcharts, all three 

protocols were simulated over MATLAB. 
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Figure 25: Flowchart of query tree protocol 
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Figure 26: Flowchart of intelligent query tree protocol 
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The power [34] required by the reader to transmit and receive a signal varies from 

reader–to-reader manufacturer and the region where it operates. Also, the frequency considered 

for this simulation is 915 Mhz. The approximate powers consumed by the reader and active tags 

are shown in Table 3: 

TABLE 3  

POWER REQUIREMENTS [14] 

Reader Active Tags 

PRtx PRrx PTtx PTrx 

825 mW 125 mW 35 mW 28 mW 

 

The simulation was done under MATLAB version 7.5.0. The simulation files have been 

written one for each basic query tree protocol, IQT and I-ALOHA protocol.  
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CHAPTER 4 

SIMULATIONS AND RESULTS 

 

 

The I-ALOHA protocol was designed to work in factories that usually have the same 

prefixes. It would be most beneficial when installed in places like factories, showrooms, etc. The 

results for this research were calculated based on simulations in MATLAB 7.0. The written code 

can be found in the appendix.  

Graphs were generated and based on a number of different scenarios, which are discussed 

in detail. The comparison is done on the basis of time and energy. Energy was considered in 

respect of the readers which are portable and are installed with rechargeable batteries or cells. 

Less energy consumption would enhance the life of the batteries and reader can operate for 

longer time. As per Energy Aware Tag Anti-Collision protocol [14] the ideal numbers of slots 

were calculated as four. Based on that, simulation is done over four number of ALOHA slots. 

 Scenario I: Consider a factory in which there are products with the same prefixes, and 

they are stacked together as they exit the factory. In this example, consider the tag ID of 10 bits 

in which the first 6 bits represent prefix A. Consider the Prefix A for this factory is “111111.” 

The number of tags is ten, and all are from the same vendors. The I-ALOHA protocol made use 

of four ALOHA slots, which shows a slight increase in the graph after four tags are read. In these 

scenarios, collisions are not considered.  

 Figure 28 shows the time consumed to read ten tags by all three protocols. Since the tag 

prefixes are same, the time consumed by the IQT and I-ALOHA protocols to read ten tags shows 

very little difference. Figure 29 shows the comparison among the QT, IQT, and I-ALOHA 

protocols based on energy consumption. 

. 
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Figure 28: Scenario I—Time consumption among QT, IQT, and I-ALOHA protocols 

 

 

 

Figure 29: Scenario I—Energy consumption among QT, IQT, and I-ALOHA protocols 
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TABLE 4  

TAG ID WITH SAME PREFIXES 

TAGS ID 

A 111111-0000 

B 111111-0001 

C 111111-0010 

D 111111-0011 

E 111111-0100 

F 111111-0101 

G 111111-0110 

H 111111-0111 

I 111111-1000 

J 111111-1001 

 

Figures 28 and 29 clearly indicate the difference in output when the I-ALOHA protocol is 

implemented in a factory that has the same prefixes on all of its products and hence can consume 

the energy and time to read them. Table 4 shows the tag IDs used for this scenario. The number 

of collisions calculated for QT was 16, where as for IQT there were only 10 and for I-ALOHA 

the number or collisions were 7.  If the number of tags is more, then this protocol would be much 

faster than any other protocol to read the tags.  

Scenario II: Consider a showroom in which most of the products come from the same 

vendor, which in fact have the same prefixes. But sometimes products from other vendors are 

also stored and hence are read by the RFID reader. Of the ten tags, two are from a different 

vendor. Figure 30 shows a comparison among the QT, IQT and I-ALOHA protocols based on 

time consumption with two products from different vendors.  This graph is based on time, and 

energy. 
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Figure 30: Scenario II—Time consumption among QT, IQT, and I-ALOHA protocols 

 

Figure 31 shows the energy consumed by all three protocols to read ten tags. Table 5 

shows the tags ID generated. 

 

Figure 31: Scenario II—Energy consumption among QT, IQT, and I-ALOHA protocols 
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TABLE 5 

TAG ID WITH SOME DIFFERENT PREFIXES 

TAGS ID 

A 111111-0000 

B 111111-0001 

C 111111-0010 

D 111111-0011 

E 111111-0100 

F 111111-0101 

G 111111-0110 

H 111111-0111 

I 111110-1000 

J 101111-1001 

 

   The number of tags is ten, among which two were from different vendors. The I-ALOHA 

protocol made use of four ALOHA slots, which shows a slight increase in the graph after four 

tags are read. The number of collisions calculated for QT was still 16, where as for IQT there 

were only 12 and for I-ALOHA the number or collisions were 9. 

 Scenario III: Consider a shop that has products from many different vendors, which 

result in different prefixes. It is assumed that there are no collisions, and the I-ALOHA protocol 

is aware of all prefixes from the previous readings. The results for ten tags with different prefixes 

are shown in Figure 32. As can be seen, the IQT protocol consumes almost same time as the QT 

protocol when all tags are from different vendors; hence, the I-ALOHA protocol takes advantage 

of this situation and consumes less energy. The number of ALOHA slots was four, and therefore 

the spike shown is after every four tags. This would provide a clear view of all the scenarios 

which can be possible with I-ALOHA protocol in all different environments. All the graphs are 
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marked with appropriate markers to differentiate between them. All these graphs are the snap 

shots of the result generated by the code return in MATLAB. Figure 33 compares the energy 

consumed to read ten different tags. 

 

Figure 32: Scenario III—Time consumption among QT, IQT, and I-ALOHA protocols 

 

Figure 33: Scenario III—Energy consumption among QT, IQT, and I-ALOHA protocols 
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In this scenario, QT and IQT shows the same output as all the prefixes are same so IQT 

will behave as QT protocol and consume same amount of time and energy. But the I-ALOHA 

protocol still requires much less time to read those tags. This is due to the fact that the time frame 

in the ALOHA protocol is divided, and the tags are read in those divided slots. Number of 

collisions in QT was 17 which were same as in the case of IQT, where as in I-ALOHA the 

numbers of collisions were 13. Table 6 shows the different tag ID generated, 

TABLE 6 

ALL TAG ID WITH DIFFERENT PREFIXES 

TAGS ID 

A 010000-0101 

B 111110-0100 

C 110100-0110 

D 101110-1111 

E 101111-1101 

F 111101-0000 

G 110111-0100 

H 101000-0001 

I 111000-1001 

J 110010-1011 

 

 All scenarios discussed above clearly show the advantage of using the I-ALOHA 

protocol instead of the QT or IQT protocols. The I-ALOHA protocol was designed to be used the 

same organization to enhance the capability of the RFID reader in terms of time, energy, and 

power.  
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CHAPTER 5 

DISCUSSION 

 

 

5.1 Limitations 

 The designed I-ALOHA protocol has many implications based on time in the real world. 

The readings used are based on the various researches done from previous theories. The power 

ratings can vary based on the RFID product manufacturers. This protocol may not be capable of 

performing well where there are many different products from various companies, as the queries 

will be made based on the basic query tree protocol. All simulation in MATLAB was done using 

small-tag ID instead of using 64-bit and 96-bit tags, as more resources are required to generate 

the results. There might be some issues in designing this protocol for commercial use as it needs 

more testing before it can be implemented in a real-world scenario. Exact power ratings would 

be required to implement this technology.  

 Considering a large number of tags from different companies, every product will have 

different prefixes. If a reader is using the I-ALOHA protocol, then the reader has to perform 

many queries based on prefixes and then postfixes. The tags must be designed to be compatible 

with the SLEEP command, which will require more circuitry within the tags and hence the 

power requirements will increase.  

 The I-ALOHA protocol is based on the calculation of the number of ALOHA slots that 

should be used in reading, but it requires further research to make the reader intelligent enough 

to use an optimal number of slots. Some calculations were made based on the assumption that 

the reader knows number of tags from previously, so more modifications are needed to make it 

work efficiently if the number of tags is unknown. 
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5.2 Future Work 

I-ALOHA is a protocol that has the flexibility to be more practical in different 

environments and scenarios. Many applications can be designed using this protocol. This thesis 

presents an overview of how a reader can be designed to work with this protocol. Much work 

remains to be done on tags, which should be designed to be compatible with the I-ALOHA 

protocol. More circuitry is required for the tags to understand various commands like SLEEP or 

BREAK. Calculations can be done using full tag ID’s such as 64 bits or 96 bits.  

A good design could be developed to use an optimal number of slots in the ALOHA 

protocol while reading the tags. The I-ALOHA protocol could also be designed to be used in an 

environment where there are large of number of tags from different vendors.  

MATLAB provides a platform where simulations are based on all pre-defined values; 

another simulator like NS-2 could be used to calculate the results, which might be more accurate. 

5.3 Conclusion 

The IQT protocol was designed to reduce the collisions based on probability and 

mathematical calculations, there were no simulations done. I-ALOHA was simulated on 

MATLAB and is designed to minimize collisions and along with that it also reduces the energy 

and time consumption to read number of tags with similar prefixes. This was achieved by study 

over slotted ALOHA, merger of ALOHA with existing IQT protocol, and writing MATLAB 

codes for all three types of protocol i.e. query tree protocol, the IQT protocol and the I-ALOHA 

protocol. Then flowchart was then designed to write the codes for all three different protocols.  

All codes were then simulated over MATLAB and the graphs were generated. Also some of the 

designs were implemented to make the tags go to sleep mode once they are read. The bit format 
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was also changed to smaller one so that the MATLAB codes can be easily simulated and 

generate graphs. The comparison was done based on energy, power and time consumption. 

The I-ALOHA protocol can be the protocol of tomorrow in the RFID world. It has all the 

advantages of various protocols like QT, BQT, and IQT, along with ALOHA. The I-ALOHA 

protocol is capable of providing efficient tag reading in terms of energy, time, and power. This 

protocol can be easily implemented in the practical world with some additional basic testing and 

design. 
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APPENDIX 

MATLAB CODE 

 

 

The following code was written to simulate the basic query tree protocol: 

n=input('Enter number of tags: '); 

Power_tx=0; 

Power_rx=0; 

Power_total=0; 

Time=0; 

Number_of_bits=0; 

Energy=0; 

m=0; 

for i=1:n+1 

    Power_tx=Power_tx+0.825; 

    Power_rx=Power_rx+0.125; 

    Number_of_bits=64+Number_of_bits; 

    m=m+1; 

    if m==n+1 

        figure 

            subplot(2,1,1) 

            p=plot(C); 

            display(C); 

            title('ENERGY CONSUMED') 

            set(p,'Color','red','LineWidth',2) 
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            subplot(2,1,2) 

            t=plot(T); 

            display(T); 

            title('TIME TAKEN') 

            set(t,'Color','blue','LineWidth',2) 

        return; 

    end 

    Power_total=Power_rx+Power_tx; 

    Time=.000000000001092*Number_of_bits; 

    Energy=Power_total*Time; 

    C(m)=Energy; 

end 

This code is based on the assumption that the numbers of tags is previously known and 

are entered accordingly. After the number of tags has been entered, the reader runs a request for 

that number of times, assuming there are no collisions. Also, the resultant values are based on the 

power consumption shown in the previous table. The total time is then calculated and multiplied 

with the total power consumption in order to calculate the energy consumed. The graphs are 

plotted later in the chapter, where the results are compared with the IQT and I-ALOHA 

protocols. 

The following code was written to simulate IQT under the MATLAB simulator: 

n=input('Enter number of tags: '); 

m=0; 

Power_tx_p1=0; 
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Power_tx_p2=0; 

Power_tx_postfix=0; 

Power_rx_post=0; 

Power_rx_p1=0; 

Power_rx_prefix=0; 

Power_rx_postfix=0; 

Power_total=0; 

Number_of_bits=0; 

Total_time=0; 

C=0; 

T=0; 

for i=1:n+1 

    m=m+1; 

    Power_tx_p1=Power_tx_p1+.505;       

    Power_tx_postfix=Power_tx_postfix+.320;                                               

        if m==n+1; 

            figure 

            subplot(2,1,1) 

            p=plot(C); 

            display(C); 

            title('ENERGY CONSUMED') 

            set(p,'Color','red','LineWidth',2) 

            subplot(2,1,2) 



  

66 

 

            t=plot(T); 

            display(T); 

            title('TIME TAKEN') 

            set(t,'Color','blue','LineWidth',2) 

         return; 

        end 

        A=input('Enter Prefix1 of the tag: ');                        

        a=bin2dec( sprintf('%d',A) );                                  

    if a==63;                                                  

        Power_tx_p2=Power_tx_p2+0;                             

        Power_rx_post=Power_rx_post+(0.04875);                              

        Number_of_bits=25+Number_of_bits;                      

    else 

        B=input('Enter Prefix2 of the tag: ');                        

        b=bin2dec( sprintf('%d',B) );                                  

        Power_tx_p2=Power_tx_p2+.243;                          

        if b==3;                                               

        Power_rx_p1=Power_rx_p1+(0.039);                       

        Power_rx_post=Power_rx_post+(0.04875);                 

        Number_of_bits=45+Number_of_bits;                      

        else 

        Power_rx_prefix=Power_rx_prefix+(0.07605);             

        Power_rx_post=Power_rx_post+(0.04875);                                               



  

67 

 

        Number_of_bits=64+Number_of_bits;                      

        end 

    end 

Power_total=Power_tx_p1+Power_tx_p2+Power_tx_postfix+Power_rx_post+Power_rx_p1+Po

wer_rx_prefix; 

Total_time=.000000000001092*Number_of_bits; 

Energy_comsumed=Power_total*Total_time; 

C(m)=Energy_comsumed; 

T(m)=Total_time; 

 end 

 The above code was written with the assumption that the tag ID is 8 bits, the company 

Prefix A (P1) is 111111, and the Prefix B (P2) is 11. First, Prefix A is transmitted; if the reader 

does not receive a reply, it will only read the leftover bits. Otherwise, if the reader gets some 

replies, it will make queries based on Prefix B. 

 The following code was written for the I-ALOHA protocol: 

n=input('Enter number of tags: '); 

q=input('Number of ALOHA slots: '); 

z=ceil(n/q); 

m=0; 

Power_tx_p1=0; 

Power_tx_p2=0; 

Power_tx_postfix=0; 

Power_rx_post=0; 
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Power_rx_p1=0; 

Power_rx_prefix=0; 

Power_rx_postfix=0; 

Power_total=0; 

Number_of_bits=0; 

Total_time=0; 

C=0; 

T=0;                                 

for i=1:z 

    Power_tx_p1=Power_tx_p1+.505;                        % Tx power to read with Prefix A 

    Power_tx_postfix=Power_tx_postfix+.320;          % Tx power to read the post bits 

    for j=1:q                                                                  % Loop for 1 ALOHA window 

        if m==n+1;                                                              % To check if all the bits are counted 

            figure 

            subplot(3,1,1) 

            p=plot(C); 

            display(C); 

            title('ENERGY CONSUMED') 

            set(p,'Color','red','LineWidth',2) 

            subplot(3,1,2) 

            t=plot(T); 

            display(T); 

            title('TIME TAKEN')  
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            set(t,'Color','blue','LineWidth',2) 

            subplot(3,1,3); 

            z=plot(P); 

 display(P); 

         return; 

        end 

        A=input('Enter Prefix1 of the tag: ');             % Prefix A (8 bits) 

        a=bin2dec( sprintf('%d',A) );                         % Convert binary into decimal 

        m=m+1; 

    if a==63;         % To check if Pefix A is equal to the Company prefix which is '111111' 

        Power_tx_p2=Power_tx_p2+0 

        Power_rx_post=Power_rx_post+(0.04875/q);                      

Number_of_bits=25+Number_of_bits;                % Calculating number of bits read         

    else 

        B=input('Enter Prefix2 of the tag: ');                % Prefix B (2 bits) 

        b=bin2dec( sprintf('%d',B) );                         % Convert binary into decimal 

        Power_tx_p2=Power_tx_p2+.243;           % If Prefix A is not equal to '11111111' 

        if b==3;                                                     % If Prefix B is equal to '11' 

        Power_rx_p1=Power_rx_p1+(0.039/q);                     

        Power_rx_post=Power_rx_post+(0.04875/q);               

        Number_of_bits=45+Number_of_bits;                 % Calculating number of bits read        

        else 

        Power_rx_prefix=Power_rx_prefix+(0.07605/q);                   
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 Power_rx_post=Power_rx_post+(0.04875/q);                      

Number_of_bits=64+Number_of_bits;                  % Calculating number of bits read        

        end 

    end 

Power_total=Power_tx_p1+Power_tx_p2+Power_tx_postfix+Power_rx_post+Power_rx_p1+Po

wer_rx_prefix; 

    Total_time=(.000000000001092/z)*Number_of_bits; 

    Energy_comsumed=Power_total*Total_time; 

    C(m)=Energy_comsumed;   
 

    T(m)=Total_time; 

    P(m)=Power_total; 

    end     

end 

 This simulation has two loops: one for the number of times the reader 

will run the ALOHA slots, and the second for the number of slots in each ALOHA window. All 

three simulations were written assuming that the numbers of tags are previously known, in order 

to simply compare the energy and time consumed. Also, to generate random number of tag IDs, 

followed code was written: 

x=rand(1,10), 

y=1000*x, 

 z=ceil(y), 

str=dec2bin(z,10) 
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