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Abstract—This paper proposes a type of improved adaptive N-tree anti-
collision algorithm based on the traditional one for RFID system by combina-
tion with maximum likelihood estimation and probe pre-detection. This algo-
rithm inherits some features from Alpha- and tree-based anti-collision algo-
rithms and effectively restrain the star-vation of the two algorithms. It has also
filled in the gaps of tag collision with higher probability. The study turns out
that the improved adaptive N-tree anti-collision algorithm as proposed can fea-
ture adaptive choice of the value N of the tree, length breaks of free timeslots,
restraints on defects such as more tag classification and higher collision proba-
bility just as what the traditional tree-based algorithm has. N-tree built by level-
to-level frame identification eliminates the free timeslots, and improves the tag
identification precision for the RFID system. The results from simulation exper-
iment reveal that the algorithm proposed in this paper has lower Error Sampling
Reckon (ESR) and Throughput Rate Deviation (TRD), and features large
throughput rate (87%), low delay of tag recognition and minimum timeslots,
and etc. hence to be better applied in large-scale logistics and other fields where
fast information recognition is involved.
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1 Introduction

Radio Frequency Identification (RFID) is an untouched detection and recognition
technology, which access to a certain range of target information by way of the scan-
ning of radio frequency signals that is completely controlled by computer. It features
high efficiency, easy to use and high adaptability to various harsh environments. To-
day, this technology has been widely used in many transportation and logistics sys-
tems such as Internet of Things, shipping, port, land transportations [1-3].

RFID system consists of backend server, RFID reader and RFID tag. A single
RFID reader gives a command for query, to which a number of tags respond within
the scope of it. The messages responded by multiple tags will collide with each other
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when they return to the reader, thus resulting in the information aliasing [4-6]. It is
therefore significant for people to study anti-collision approaches of tag information
or to differentiate the collided information in practices.

Currently, the anti-collision algorithms of RFID system mainly include: (1) Aloha-
based anti-collision algorithm which suppresses information collision by randomly
extending the start time of information transmission [7-9] (2) Tree-based anti-
collision algorithms which subdivides the tags where the information collisions occur
into a number of subsets for unique identification [10-14] (3) A Aloha- and tree-based
superposition hybrid algorithm [15-21]; The above three algorithms all have limita-
tions in different degrees.

A type of improved adaptive N-tree anti-collision algorithm is built based on the
traditional one for RFID system, and with the incorporation of maximum likelihood
estimation and probe pre-detection. This algorithm inherits some features from Aloha-
and tree-based anti-collision algorithms, and more importantly, it fills in the gaps that
the two algorithms fail to actively suppress the starvation and allow higher probability
of tag collision. This paper provides a new idea for scholars to study the subject about
the RFID system anti-collision.

2 RFID system model and CT algorithm
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Fig. 1. Transfer model of RFID system

As shown in Fig. 1, a model is built for mutual information transmission between
reader and tag in an RFID system [22]. The model includes identification, free and
information collision areas. In the identification area, an RFID reader issues the Que-
ry command, #1 and £ respectively represents the time when the tag accepts the com-
mand and make a response and the time when the information is transferred to the
reader; #; is the time when the reader does not receive the response after sending the
command. At this time the system judges as free area; ACK and NACK are respec-
tively identifiable timeslots and collision timeslots issued by reader.

The principle of information collision detection in CT algorithm is shown in Fig. 2.
CT algorithm mainly uses the ME code to track the tag information. ID numbers "0"
and "1" represent the positive and negative migration of the voltage, respectively. The
positive and negative voltages in the positions where the information of different tags
collide are offset each other. Subcarrier signal received by reader is an integer Bit, by
which the collision can be located [23].
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Fig. 2. Principle of anti-collision detection in CT algorithm

3 Designing the improved adaptive N-tree anti-collision
algorithm

3.1 Computation process

An improved adaptive N-tree anti-collision algorithm is constructed by incorporat-
ing maximum likelihood estimation and probe pre-detection. This algorithm adaptive-
ly chooses the N value of the tree and reduces the length of the free timeslot [24,25].
Suppose the number of tags is n, the frame length is N, the timeslot is r. The probabil-
ity p that there are w tags in the timeslot r is

SUBIE S ) — L)

PlwrnN)="—5— 2 (F=r) (N =) n=w)i(w) )

According to the Eq. 1, we can obtain the probability that no tag responds to the
request issued by the reader in e timeslots as follows.

P(e,n,N)z

(1) Nin!' & 1y (N-j)
e!N" (j—e)!(N—j)!(n)! @)
The response of the tags in a scope of single reader belongs to an independent

event, which fits well to the maximum likelihood estimation function. When N, w, e
are known, the number » of tags can be estimated as

ﬁ=argmax(P(e,n,N)|N=2Q,n2N—e+c) 3
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Fig. 3. Flow chart of an improved adaptive N-tree anti-collision algorithm

According to Egs. 1 and 3, the adaptive N-tree anti-collision algorithm constructed
in this paper is shown in Fig.3. Specific procedures are given as follows:

(1) Initialize the relevant parameters of the maximum likelihood estimation, the
reader issues a Query command, perform the initialization after the tag in the scope of
reader receives the command, and calculate the value R:

R = Hash(ID,r)mod 2° @

Suppose the response of the timeslot R is Rs. The reader detects the response sent
by each tag.
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(2) Detect whether there is a collision during the tag response, if this is the case,
save the tag ID, and the reader issues the QueryRep command at this time and judge
the collision situation by the tag response; if not, execute CT algorithm.

(3) Determine whether the tag is recognized, and the number of tags is determined
by maximum likelihood estimation.

(4) Detect the probe bit string Str; according to the probe pre-detection.

(5) Confirm whether CT algorithm is activated according to the collision situation,
save the tag ID if there is no collision in the whole process. It is proved that the tag is
not lost and the first set of sub-trees are formed. Repeat the process until the classifi-
cation of all tags is completed, and the entire process is concluded.

3.2 Analysis of algorithm performance

The initial value Q and optimal value Q interval and the probe length m in the
maximum likelihood estimation algorithm are deduced to make its throughput rates
achieve the best.
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Fig. 4. Curve of label estimation as a function of variable e

When Q takes a fixed value (Q=8, 9, 10), the curve of the label estimations as a
function of variable e is shown in Fig. 4. As can be seen from the figure, as the value
Q increases, the number of labels in the system is also estimated to increase gradually;
when e=1, the maximum estimated value of the labels can be available.

Suppose P(k) is the probability that the label has no any response in any
timeslot, then

PO, (175

E(k) is the expected value that value e reaches the best

©)
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e> 1 and E (k)> 1, the number of labels is estimated, then
2071 >
According to Eq. 7, In2(2°Q)>n, suppose
f(0)=mn2(2°0)
Take a derivative with respect to Eq. 8, then

f’(Q):lnz(zQ +2Q-1Q2)

[ree

(6)

()

(®)

)

f(Q) increases monotonically. Let Tumzse be the average time-consuming estimated

from the number of tags, then
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Fig. 5. Curve of average times consumed in the estimation o
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According to Egs. 5 - 10, the average time spent in the calculations in the cases of
the unknown labels and the approximate number of known labels is shown in Fig. 5.

It can be seen from the figure that, if the number of tags is unknown.

, the estimation of

the number of tags takes 0.0068 ms at most; 0.0034 ms when the approximate number

of tags is known.
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4 Verification of simulation experiment

The algorithm proposed in this paper is compared to the traditional RFID anti-
collision algorithms such as OQTT, CT, FSA and SFBTNA to verify the availability
of the proposed algorithm. The estimation error and the throughput error are two im-
portant indicators used to evaluate the estimation and throughput precisions of the
algorithm. The estimation error (ESR) is calculated by

ESR =|n, ~n|/n (1)
The throughput error (TRD) is calculated by
o |02 ) (2 ) )
| E(n,2°(n,),m)|,., | (12)
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Fig. 6. Curve of estimation and throughput errors of algorithms

According to Egs.11 and 12, the error curves of ESB and TRD in SFBTNA and the
algorithm in this paper are obtained. The number of selected tags is 100-700. As can
be seen from the figure, ESR <0.45% on the whole, while the TRDs of the two algo-
rithms are basically 0 because each value Q corresponds to a wider range of tag val-
ues, resulting in a minor estimated error, which indicates ESR and TRD basically
have no effect on the two algorithms.
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Fig. 7. Comparison curve of overall timeslots of different algorithms

1.0+

b—o 90 9o o 0 0 o o 0 ¢ ¢ ¢ 0o 0o ¢ o o

& a5 88 5 g & & 8B —
_ 0¥ —=— SFBTNA
§ —e— MFBTNA
= —4— CT Algorithm
2 064+ + <+ <+ <+ <<+ —<—<—<—<| v [deal FSA
=} —<— OQTT
g A A A A A A A A A A A A A A A A A A
=
0.4

(SRS S e Soun aen S S SENEENES &L GER e S S S

0.2 T T T "
500 1000 1500 2000
Tag number n/ind

Fig. 8. Comparison and analysis of throughput rates of different algorithms

As shown in Fig. 7, the total timeslots of different algorithms are compared. It can
be seen from the figure that the total number of timeslots of FSA is maximum since
the FSA is built based on the ALOHA and generates the free time slots during the
information transmission. There is no better anti-collision mechanism in the algo-
rithm; though there is no free timeslot in CT, the information collision is more fre-
quent. The total number of timeslots of CT is only less than that of FSA, but the fig-
ure is still more on the whole; the algorithm proposed in this paper uses the probe
detection to eliminate the free timeslots. CT algorithm reduces the collision probabil-
ity of the label transmission information, so the total number of the timeslots is mini-
mized.

The curves of the throughput rates of the five algorithms are shown in Fig. 8. The
throughput of the algorithm proposed in this paper reaches 87%, and that of SFBTNA
is 82.7%. The estimation error has little impact on the above two algorithms. In con-
trast, OQTT’s throughput rate is 61%, the throughput rates of CT and FSA are 49%
and 37%.
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The average time-consuming comparison of the five algorithms is shown in Fig. 9.
As can be seen from the figure, the time spent in the computation is in turn CT, FSA,
OQTT, SFBTNA and the algorithm proposed in this paper. The availability and supe-
riority of the proposed algorithm.
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Fig. 9. Comparison and analysis of tag evaluation recognition for different algorithms

5 Conclusion

Based on the traditional anti-collision algorithm for RFID system, an improved
adaptive N-tree collision algorithm was constructed by incorporation of maximum
likelihood estimation and probe pre-detection. The proposed algorithm integrates the
Aloha- and tree-based features of anti-collision algorithms, and effectively restrains
the starvations of the two algorithms, fill the gap that the label collision probability is
higher. The conclusions are drawn as follows:

(1) The proposed improved adaptive N-tree anti-collision algorithm can adaptively
choose the value N of the tree and reduce the length of the free timeslot, eliminate the
defects of the traditional tree-based algorithm whose tags are classified more and the
collision probability is higher. The level-by-level frame identification is used to build
N-tree to eliminate the free timeslot and improve the tag identification precision of the
RFID system.[26]

(2) The results from simulation experiments show that the proposed algorithm has
minor ESR and TRD and features large throughput rate (87%), low label recognition
delay and minimum timeslots, hence to be well applied in a large-scale logistics and
other fields with fast information recognition involved.
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