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Abstract. In order to solve the problem that a large number tags motion direction judgement in 
campus long distance attendance system based on 2.45GHz active RFID technology, a technical test 
system was designed and constructed in this paper, the RSSI of the student tags through the technical 
test system obtained by two antennas. Then this paper analyzed the data characteristics, and proposed 
2.45GHz active RFID card motion direction judgement algorithm based on RSSI distribution. Finally, 
1000 student tags are used to experiment, and the experimental results shown that the effective 
judgment rate of the algorithm reaches more than 99.9%. 

Introduction 
RFID (Radio Frequency Identification) is an emerging technology with many different applications, 
such as monitoring arm activity, indoor location and trajectory tracking [1-4]. In this paper, we 
introduce a campus attendance system using 2.45GHz active RFID technology, which can judge the 
direction of students entering and out of the campus with real time. In the early days, the technology 
systems were used for vehicle management in roads or parking lots [5, 6]. In the vehicle management 
system based on RFID technology, a RFID antenna is usually defined as 0 or A, and another RFID 
antenna is defined as 1 or B, from 0 (A) to 1 (B) is in-state, from 1 (B) to 0 (A) is out-state. The 
construction environment of the active RFID technology system at the campus gate is significantly 
different from that of the road or parking door. At the same time, students walk in and out of the 
campus gate is also significantly different from roads and parking doors [7, 8]. Therefore, the 
algorithms based on simple Boolean operations to determine vehicle access or vehicle movement 
direction are not applicable at school gates. Due to the influence of the campus gate buildings, the 
RFID technology system cannot get the ideal RF coverage as roads. The number of students entering 
and leaving campus is also much more complicated than the vehicles on roads. In fact, some schools 
introduced the RFID technology attendance system using Boolean algorithm, have happened a large 
number of missing cards, and wrong direction results [9, 10]. In order to make the active RFID 
technology attendance system more effective in the school gate, this paper proposes an algorithm of 
the active card motion direction judgement algorithm based on the RSSI (Received Signal Strength 
Indication) distribution.  

Design and construction of test system 
According to the requirements of campus long-distance attendance, a remote attendance system based 
on 2.45GHz active RFID was designed. Shown as figure 1, the sketch map of campus attendance 
system include two antennas and a data processing equipment. The two antennas are fixed outside the 
school and inside the school, the antenna outside the school is A, and the antenna inside the school is 
B. The two antennas are connected to the data processing equipment through the network cable. The 
data processing equipment is located inside the school gate building. The data processing equipment 
acquires data from two antennas and provides electricity to two antennas. The 2.45GHz active RFID 
information include ID number, RSSI, and real time, this information is transmitted once a second. 
The direction of the RFID card is judged in the data processing terminal. Finally, we constructed the 
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actual campus attendance system according to the sketch map of campus attendance system based on 
2.45GHz active RFID. Shown as figure 2, we contacted a school and installed two 2.45GHz active 
RFID antennas inside and outside school, and the data processing equipment was installed inside the 
school gate building. 

 
Fig. 1 The sketch map of campus attendance system based on 2.45GHz active RFID 

 

 
Fig. 2 The physical map of campus attendance system based on 2.45GHz active RFID 

Data feature analysis and algorithm design 
Based on the design and construction of the test system, we can get the microwave coverage area 
shown in Figure 3 according to the RFID principle. Although the school gate building has a certain 
isolation effect, but the cross area of the two antennas is difficult to exclude for various reasons. And 
because of the uncertainty of the school gate building and the reasons for the absorption and reflection 
of the ground, the microwave cross area is irregular. Therefore, we can infer that when the 2.45GHz 
active RFID card enters the school gate, the RSSI received by the two antennas are nonlinear, even 
catastrophic and hopping. 

 
Fig. 3 The sketch map of microwave coverage of RFID reader 
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In order to judge the direction of the 2.45GHz active RFID card, a set of experimental data must be 
obtained to observe the RSSI waveform, so as to design a targeted direction judgment algorithm. 
Shown as figure 4, a set of data is obtained from the test system. We can find that the data of antenna 
A or antenna B obey the Gauss distribution basically, and the data process is nonlinear, even 
mutagenesis and jumping. There is a cross area between the antenna A and the antenna B, and the 
intersecting area of the antenna B is larger. The maximum value of antenna A or antenna B basically 
occurs under 2.45GHz active RFID tag passing through the antenna. The maximum value of the test 
tag RSSI obtained by the antenna A is -75, and the maximum value of the test tag RSSI obtained by 
the antenna B is -78. The minimum value of the test tag RSSI obtained by the antenna A is -104, and 
The minimum value of the test tag RSSI obtained by the antenna B is -105. 

 
Fig. 4 The RSSI distribution of the RFID tag passing through the school gate 

On the other hand, we design the algorithm, must consider that the students detention at the school 
gate long time, in a microwave area of an antenna or in the overlapping area of the two antennas. At 
the same time, we should also consider the abnormal situation that students return to the microwave 
area for a short time after they leave the microwave area. We find that there is a rule that can be used 
to judge the direction of the tag motion, which is the antenna that tag passes first to get the average 
peak value early, and finally the peak time of the average line can be used to judge the direction of the 
tag. This method is stable in theory, and avoids the difference of the shape of the average lines, 
evading the processing of the overlap area of the signal, and even the large overlap area of the signal 
will not cause the error of judging the direction of the entry and exit. 

The input variables of the tags direction judgment algorithm we defined are the RFID tag ID, RSSI, 
and real time that the two antennas obtained. The output variables of the tags direction judgment 
algorithm are the three direction states of RFID tag, that is in-state, out-state and detention-state, and 
the real time of occurrence of events. The flow chart of the tags direction judgment algorithm is 
shown in Figure 5. 
1. The first step: determine the trigger condition of the algorithm. 

( )_ _  _ _ 30i Time Clock Now Time D New sf − >  
 directionjudgmeth nt algen start orithm  

( )_ _ _ _ 30Time D New Time e D Old Minutelse − >  
detentionout ut ep stat−  

2. The second step: the amount of data obtained from each card is less than 5. 
( ). 5if No of data≤  

  then simple mean filtering  
3. The third step: the amount of data obtained from each card is more than 5. 

( ). 5if No of data >  
  liding mean filtethen s ring  
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Fig. 5 Flow chart of algorithm 

Assume that the tag data obtained by any antenna is a two-dimensional array: 
[ ]0 0 0 1 1 1 1 1 1( , ), ( , ) ( , )n n nD ISSI Time D ISSI Time D ISSI Time− − −L  

Select the width of the sliding window for 5 data: 
  [ ]2 1 1 2, , , ,i i i i iD D D D D− − + + , , 2 3iD i n≤ ≤ −   

Ascending order according to the RSSI: 
  [ ]0 1 2 3 4, , , ,D D D D D  

1 2 3

3i
D D DD + +

=  
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For , 0,1, 2, 1iD i n n= − − : 

[ ]2 1 0 1 1 1 2 1 0 1 1, , , , , , ,n n n n n nD D D D D D D D D D D D D− − − + − − − += = = =L  

Finally, 0 1 10 0 1 1 1 1( , ), ( , ) ( , )nn nD ISSI Time D ISSI Time D ISSI Time−− −
  L can be obtained. 

4. The fourth step: the maximum value search by variable-step. 
Suppose the starting search step is 3 data: 

0 1 10 0 1 1 1 1( , ), ( , ) ( , )nn nD ISSI Time D ISSI Time D ISSI Time−− −
  L  

=D Dtemp i  

( ),0 13if D D i ntemp i< ≤ ≤ −+  

3D Dtemp i= +  

( )3if D Dtemp i> +  

D Di temp=  

Find a larger value iD  
Modify the search step length to 1 data: 
Then find the maximum from[ ]2 1 1 2, , , ,i i i i iD D D D D− − + + , ,0 4jD j≤ ≤  

5. The Fifth step: extreme time extraction. 

( ),j j j jTime D ISSI Time=  

6. The sixth step: the tags direction judgment. 

( )j jif TimeA TimeB<  

then in state−  

else out state−  

Experimental data analysis and conclusions 
The experiment used 1000 RFID tags, and implemented ten tests, including 5 times entered school 
and 5 times depart from school, and the results were shown in table 1. The test results showed that 7 
times 100%, 3 times 99.9%, no test result was less than 99.9%, and the test success rate was more than 
99.9%.Three conclusions can be obtained from the experimental results: 1. the design of the test 
system and the construction of the actual system were effective; 2. data feature analysis was reliable; 3. 
the 2.45GHz active RFID card motion direction judgement algorithm based on RSSI distribution was 
practical. 

 
Table 1 The experimental results 

In Results Success rates Out Results Success rates 
1 1000 100% 1 999 99.9% 
2 1000 100% 2 1000 100% 
3 999 99.9% 3 1000 100% 
4 1000 100% 4 1000 100% 
5 1000 100% 5 999 99.9% 
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