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Abstract— Automated guided vehicles (AGVs) have been 

largely used in manufacturing and supply chain management. 

With the development of Auto-ID technologies like radio 

frequency identification (RFID), AGVs’ positioning could be 

enhanced. This paper demonstrates on using magnetic field lines 

in the AGVs for precise coverage locating based on the errors 

suppression positioning method. Dolph-Chebyshev antenna array 

is used to enable AGVs with more precise location implementation. 

It is observed that the far-field active RFID system positioning 

accuracy is higher, the movement is more stable and the 

fluctuating rate is smaller. 

 

Note to Practitioners— This paper was motivated by real-life 

problems when companies are going to implement automation 

with automated guided vehicles (AGVs). By using the radio 

frequency identification (RFID) technology, a more precise 

locating approach is proposed. This approach uses active RFID 

tags for localization. Dolph-Chebyshev antenna array is used in 

this system to enable AGV with more precise location 

implementation by making full use the multipath effect 

elimination method. 

 

Index Terms—Active RFID, AGV, Magnetic Field Lines, 

Positioning. 

 

I. INTRODUCTION 

HE AUTOMATION in manufacturing and supply chain 

management requires large number of automated guided 

vehicles (AGVs) for handling the materials so that the smart 

warehouse or factories could be enabled [1, 2]. For example, 

many large companies like DHL, Walmart, and Amazon are 

using AGVs to facilitate their goods delivery and logistics 

operations [3]. However, most of the applications are used fixed 

lanes such as rail bound approach that is usually with high cost 

and low flexibility since the rails are based on steels and it is 

difficult to reconfigure when the warehouse layout is going to 

be changed [4, 5]. 

With the development of Auto-ID technologies like radio 

frequency identification (RFID), which has been widely used in 

industrial applications in terms of item tracking, logistics 

tracing, and supply chain visibility [6-12]. The advantages of 
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(Grant no. 61472257 and 51405307), Guangdong Technology plan (Grant no. 
2012B010600016), Guangdong Technology Service Development Plan (Grant 

no. 2013B040403005), and Guangdong High Education Institution project 

(2013CXZDC008).  

RFID such as non-contact sensing, anti-dust-pollution, and 

multi-identification capability have attracted great myriad of 

attentions from both industrial and academic fields [13]. 

Currently, RFID has been used for localization [14]. However, 

most of the localization systems are based on passive tags 

which is limited in reading distances when implementing in 

real-life environments where complex materials may be 

comprised such as metal and humid substances [15, 16]. In 

order to enhance the reading distances and accuracy, active 

RFID tags are used for localization systems [17]. 

This paper introduces an active RFID tag-enabled locating 

method for AGV system for warehouse or manufacturing 

factories. This system uses magnetic field lines for precise 

coverage locating based on the errors suppression positioning 

method. Dolph-Chebyshev antenna array is used to enable 

AGV with more precise location implementation. 

The rest of this paper is organized as follows. Section 2 gives 

some briefly definitions. Section 3 presents the analysis of 

reflection influences on signal suppressions from theoretical 

aspect. Section 4 illustrates the system design and 

implementation from practical aspect. Simulation results and 

physical testing in a lab are presented. Section 5 concludes this 

paper by giving our contributions and future work. 

II. DEFINITIONS 

“Errors Suppression Positioning Method” uses the measured 

value of the signal intensity, which is a field line equation 

corresponding to the directional function. It is able to solve 

more than three field line equations to obtain the location of an 

object [18]. The directional function indicates the radiation 

performance of an antenna in different directions since different 

antennas have different directional functions. But once the 

physical parameters of an antenna are determined, the 

directional function is fixed. Friis equation or radar equation 

has the directional function factors [19]. For example, the Friis 

equation describes the matching power received by the far-field 

receiving antenna: 
2
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As is shown in formula 1, the signal strength of far-field 
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receiving antenna, not only relates to the distance, but also 

relates to the wavelength, the antenna directional function and 

input power etc.  

T
R n

P
P

r
                     (2) 

The above formula (2) represents the path loss model which 

made a great simplification of the Friis transmission equation, 

which does not consider the effects of antenna, instead of using 

transmission factor n  as the effects of environment. The 

transmission factor depends mainly on the experiment, and 

obtained by experience [20]. There are many factors affected 

the system error. According to the different classification 

methods, it can be divided into theoretical errors and 

measurement errors, steady-state errors and disturbance errors 

etc [21]. 

It is assumed that the received signal strength value 

(measured) is '

rssiE , the theoretically received signal strength is 

rssiE , the error produced by system is E ，then: 

'

rssi rssiE E E                   (3) 

Where 

     t mE E E                (4) 

(4) includes the theoretical error  tE  and the 

measurement error  mE . If the error  tE  and  mE  

could be suppressed, it will greatly improve the positioning 

accuracy. 

Fig. 1 presents a canonical representation reference to the ten 

path model of reflection in indoor environment. Considering the 

signal energy would decay after each reflection, the ten path 

model ignored the reflection reflected more than three times 

[22]. The reflected signals arrive at the receiving point had 

phase difference due to the wave path difference, resulted in 

irregular overlapping, which makes the signal calculation to be 

very complex. 

 
Once the positions of receiving antenna and transmitting 

antenna are determined, various reflection signals are described 

by ray tracing method of signal transmission. If the influence of 

the main reflection could be eliminated, multiple reflection 

effect of the other could be reduced too. According to the 

current standards of measurement, 2.45GHz (2400-2483.5MHz) 

and 915MHz (American frequency range 902-928MHz), their 

impacts on the frequency reach 3.4% and 2.84% respectively, 

and the influence of the received signal strength reached 6.93% 

and 5.76% respectively [23]. Such errors doubtless have great 

impact for the accurate positioning of the AGV guidance. 

The electromagnetic field of external environment changing, 

especially the similar frequency electromagnetic wave will also 

have impact on the system. Such as the passive location system, 

the signal strength reflected by tag and received by reader 

antenna primarily depends on the signal strength. The tag is able 

to received, if in the same environment, there is an antenna 

system of similar frequency were covering this tag [24]. The 

energy that the tag received may be greater than the condition 

that only one antenna coverage, the backscatter signal intensity 

may deviate from its theoretical value. 

Through the above analyses, “Errors Suppression 

Positioning Method” maybe reasonable for enhancing the 

AGVs locating system. An orientation and guiding system have 

been proposed in this paper to examine the validity. This system 

is composed by vehicle-mounted Dolph-Chebyshev array 

antenna. A group of four Dolph-Chebyshev array antennas and 

flat reflectors are fixed on the ground. 

III. ANALYSIS OF ERRORS SUPPRESSION POSITIONING 

METHOD 

The far-field active RFID system to the electromagnetic field 

is radiation field. It uses active tags. Tag comes with a battery 

for powering tag chip and antenna system, which ensures that 

the chip circuit work and initiatively emit modulated radio 

waves. The aforementioned “Errors Suppression Positioning 

Method” presents the path loss model based on analyzing 

received signal strength indication (RSSI) overlooked the 

directivity of antenna and indoor environment influence factors 

such as complex multi-path effect. It would naturally cause 

errors. Thus, it is necessary to eliminate the errors to ensure the 

normal operation of the AGV guidance and location. 

A. Radiation Function and Pattern 

1) Friis Transmission Equation 

For active REID system, its Friis transport equation can be 

expressed as: 

     
2

2 2

1 2, , ,
4
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     (5) 

 ,reP    is the power matching of the receiving antenna. 

That presents the RSSI that is the reader received from the tag. 

inP  is the electromagnetic wave power emitted by the tag. 
1G  

and  are the active tag antenna gain function and 

normalized directional function respectively.   and  

are the reader antenna gain function and normalized directional 

function respectively.  is the wavelength of transmission of 

electromagnetic wave.  is the distance between reader device 

and tag. Once the transmitting and receiving antennas are 

determined,  ,  and the directional function 、

 will be determined.  can be measured, then 

we can get a field strength contour plane equation contains three 

variables . 

When the main direction of the antennas for readers and tags 

are completely aligned,      , (5) can be 

simplified as: 

 ,SF  

2G  ,RF  



r

1G 2G  ,SF  

 ,RF    ,reP  

 , ,r 

 ,SF    ,RF  

 
Fig. 1 Multi-path effect 
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            (6) 

Formula (6) is the foundation of path loss model. But in the 

process of positioning, it is hard to get the main direction of 

antennas. Isotropic omnidirectional antenna does not exist too. 

Therefore, the directional function is an important factor to the 

RSSI of formula (5). In (5), wavelength  will change as the 

frequency hopping, which will influence the value of RSSI.  

will change as the tag battery consumption changing, which 

also influences the value of RSSI.  

2) Directional Function and Beam Angle of Antenna 

Directional function also called beam function expresses the 

characteristics of the antenna radiation direct. Let the antenna 

as the radiation source, the field strength is different in different 

direction expressed as  ,f    . Where,   is the angle in 

vertical direction,  is the angle in horizontal direction. Power 

directional function was expressed as  2 ,f    . The 

normalized directional function of field strength is: 

 
 

 

,
,

,

f
F

Max f

 
 

 
              (7) 

The graph of directional function is called directional 

diagram or beam pattern. The direction diagram of the antenna 

was composed by several beams, the maximum radiation 

direction beam is the main beam. Features of the antenna can 

be expressed by the width of the main beam, side beam level 

etc. The width of the main beam is HPBW (Half-power Beam 

Width), which is the intersection angle between two points 

whose power are equal to the maximum power on the main 

beam. FNBW is the maximum width of beam. The radiation 

power can be ignored compared with the maximum direction, 

as is shown in Fig. 2. 

 
Fig. 2 Typical antenna beam pattern 

With different antenna arrays, different directional diagram 

could be obtained. For example, the directional function of 

dipole is: 

( , ) sinF                     (8) 

The HPBW of dipole is 90°, the FNBW is 180°. For the feed 

dipole, directional function is: 

 

cos
cos cos

2 2
,

sin

L L

F

  

 


   
   

            (9) 

When / 2L  ，it is usually called “half-wave antenna”,

L   ( 2



  is the phase constant), half wave antenna 

directional function can be obtained: 

 
cos cos

2
,

sin
F




 


 
 
               (10) 

Let  ,F     ..0.0, HPBW is 78.12  . Let  ,F     ., 

FNBW is 179.82 . When L  , it is usually called “full-wave 

antenna”. When 2L   , directional function of full-wave 

oscillator is: 

 
 cos cos 1

,
sin

F
 

 



             (11) 

In the same way HPBW is 48 , and the FNBW is 166.68 . 

 
Fig. 3 shows the directional diagram and the HPBW of dipole, 

half-wave antenna and full-wave antenna. Although the HPBW 

can be changed by selecting different antenna, the influence to 

FNBW is small. According to the multiplication principle of 

antenna: 

     , , ,F g f                  (12) 

 ,g    is the directional function of a single unit of antenna 

array and  ,f    is the factor of antenna array. In order to get 

a desired directional function and beam width, different antenna 

array can be designed by selecting different array factor of 

changing the composition of antenna array. Fig. 4 shows the 

directional function of coaxial half-wave dipole and full-wave 

dipole in different spacing. As shown in Fig. 4, changing the 

length of antenna and distance between antennas have great 

influence on the directional diagram. The gain of directional 

diagram increases as the length of antenna increasing and the 

beam width decreases as the distance between antennas 

increasing. For example, if the distance between coaxial half-

wave dipole antennas is a wavelength, the main beam width is 

37.62° and the FNBW can reach 106.02°. 
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Fig. 3 Directional diagram of several typical antenna 

 
Fig. 4 Directional diagram of antenna array 



Automation Science and Engineering, IEEE Transactions on 

 

4 

B. Influence of Reflection and Analysis of Suppression 

1) Analysis of Vertical Reflection and Restraining Measures 

In indoor condition, the vertical reflection is mainly caused 

by ground and ceiling,  which is the main factor of multiple 

reflection and influencing the strength of received signal. 

 
Fig. 5 is an analysis of the indoor reflection sources. The 

black curve shows the directional diagram of antenna in vertical 

direction. The angle between the two red half-lines is the 

FNBW. The green half-line shows the reflected ray from 

ground. Light green half-line shows reflected ray from ceiling. 

Let the height of the sending and receiving antenna is H, when 

the distance between emission source and the receiving points 

is L, take the reflection from the ground for example, according 

to the Snell's law, the angle of incidence is equal to the angle of 

reflection. When the reflection point is on the right side of the 

midpoint L/2, the reflected signals cannot reach to the receiver. 

If the reflection point is on the left side of the midpoint, the 

reflection will affect the receiver signal strength. In a summary, 

if FNBW is small enough, the radiation range can’t reach the 

midpoint of the left 

The FNBW of the main beam is . When / 2  is smaller 

than the complement angle of the incident angle which is 

 , the reflection of the electromagnetic wave cannot 

influence on the received signal. Due to tan / (2 )L H  , the 

prerequisite that doesn’t affect the received signal is 

2 arctan
2 2

L

H




  
    

  

             (13) 

According to the maximum working range of general active 

RFID, assuming the maximum working distance is 20L m  , 

antenna height is 2H m . When 22.6   the influence from 

the ground reflection can be effectively suppressed. 

Therefore, in this paper, considering the design of an antenna 

array, of which FNBW is small enough to meet the above 

requirements. Dolph-Chebyshev distribution is used. Take the 

five source array within distance / 2  for example, the side 

beam level is 20dB , the relative amplitude of the optimal 

pattern is {1,1.6,1.9,1.6,1}, its HPBW is 27°. It is narrower than 

the HPBW of binomial distribution. 

From the above analysis, when the amplitude to the array 

ends taper change hours (binomial distribution), side beam is to 

weaken until disappear. When the amplitude from two ends to 

the center of the array tapered to zero (marginal distribution), 

side beam increases to equal as main beam. Therefore, it could 

be observed that the side beam level is closely related to the 

mutation of the amplitude distribution in the array at the edge. 

The discontinuity of amplitude distribution can lead to huge 

side beam. And the zero distribution on the edge can minify the 

discontinuity so that the side beam amplitude will be minimized. 

Dolph-Chebyshev array guarantees the minimization of HPBW 

and the FNBW. The field strength value of the antenna arrays 

have different formulas according to the parity of point sources: 

 

2

2
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   (14) 

n  is the number of point sources. 2
sin

d
 


 . d  is the 

antenna array spacing. 
1 2, ,oA A A  is symmetry in the center of 

the point source. Combining with the double angle formula and 

triple angle formula to simplify cos
2

m
 , we can get: 

2 2

4 4

( 1)
cos cos cos sin

2 2 2! 2 2

( 1)( 2)( 3)
cos sin

4! 2 2

m m

m

m m
m

m m m m

   

 






  

  


 

let cos
2

x


 , Chebyshev polynomial can be simplified as: 

  cos
2

mT x m


                 (15) 

Dolph-Chebyshev antenna array, according to the particular 

side beam level under the minimum request, uniquely 

determine the coefficient of beam pattern series. Power of 

polynomial is always less than source number n . In order to 

determine the antenna source amount of Dolph-Chebyshev 

array and ideal sidebeam level value, Table 1, 2, and 3 show the 

results by letting the distance d  between the antennas is 2 . 

The number of antenna array are 5, 6, 7 and 8. Side beam level 

are 12dB, 16dB, 18dB, 20dB, 26dB, 32dB and 38dB. 

 

 



90 

Floor

Ceiling FNBW

Reflection

Reflection

Transmitter Receiver

α

90-α
θ

L

H

 
Fig. 5 Analysis of the indoor reflection sources  

Table. 1 HPBW 

Amount  SLL  2 SLL  6 SLL  8 SLL 2. SLL 26 SLL 32 SLL 38 

N 5 9.96  ..03   ..5   .39  2. 4  2.0   3.   

N 6 8. 5 8.84 9. 6 9.44  ..2   ..82   .28 

N 0 6.89 0.49 0.08 8..0 8.08 9.35 9.84 

N 8 5.95 6.5. 6.00 0... 0.60 8.24 8.0. 

 

Table. 2 FNBW  

Amount  SLL  2 SLL  6 SLL  8 SLL 2. SLL 26 SLL 32 SLL 38 

N 5 22.52 25.38 26.06 28..0 3 .8. 34.89 30.3. 

N 6  9.3  2..50 2 .02 22.92 26. 8 29..5 3 .46 

N 0  5. 8  0.25  8.28  9.3  22. 0 24.8  20..4 

N 8  2.0.  4.84  5.06  6.62  9.25 2 .6. 23.66 
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Table. 1 and 2 express HPBWs and FNBWs of Dolph-

Chebyshev antenna arrays. It could be found that with the 

increasing of SLL, the cumulative HPBW values will increase. 

But with the increasing number of antennas, for the same SLL, 

HPBW reduces. Therefore, in order to get antenna array within 

small beam angle, eight elements Dolph-Chebyshev antenna 

array is the most economical choice. For the determined SSL 

and number of antenna unit, changing the spacing of antenna 

unit, Table. 4 and Fig. 6 could be obtained. 

 

 

In Table. 4, it can be seen that with the increasing of S  , 

HPBW and FNBW will reduce. As shown in Fig. 6, the number 

of side beam increases along with the augment of S . 0.9S   

meets the requested side beam extreme. When S   , side-

beam amplitude is greater than  .% of the main beam 

amplitude. Thus antenna spacing is determined as 0.9 , then 

the FNBW is 2 °, meeting the requirement that the incident 

angle should be less than 22.6° of vertical reflection. 

2) Analysis of Horizontal Reflection and Restraining 

Measures 

According to the characteristics of AGV's workplace, there 

are walls around in the warehouse, if the horizontal 

omnidirectional antenna is placed in the edge of the workplace, 

such as close to the wall, as shown in Fig. 7(a), the 

electromagnetic field radiated from the antenna would certainly 

be influenced by the multipath effect. Regards to this, the 

reflector is widely used to change the directional diagram of 

radiation unit. If we placed a certain size of planar reflector at a 

side of the antenna in a proper distance, as shown in Fig. 7(b), 

the electromagnetic field signal reflected by the plane, forming 

an oval electromagnetic wire on the other side of the antenna. 

Thereby the backward radiation of antenna can be restricted, 

which is also the radiation from the antenna to the wall. Then 

the reflection effect in the horizontal direction can be 

effectively inhibited. 

 
The errors suppression method in the horizontal direction is 

to use an flat reflector antenna to eliminate backward radiation. 

The distance between antennas and flat reflectors could 

influence on power beam width. By using image method, it is 

easy to deal with the problem of the antenna which is at a 

distance of S  apart from the ideal infinite conductive flat 

reflector. In this method, the mirror image which is 2S  apart 

from the original antenna is used to replace the reflector. If the 

original is 2  dipole antenna, assuming reflector is lossless, 

then the field gain of  dipole antenna is at a distance of . 

The infinite ideal conductive flat reflector is: 

    11

11 12

2 sin cosL
f r

L

R R
G S

R R R
 




 
       (16) 

2rS S  . 
LR  is the loss resistance of the dipole. 

fG  is 

relative to the free space 2  antenna with the same input 

power. Changing S , Fig. 8 could be obtained. 

 
Fig. 8 (a) shows the field strength of changing the 

rS  in the 

flat reflector formula. The blue area shows the changing of 
rS  

in 0.04 ~ 0.52  . Field strength figure changes from round to 

oval. The red area shows that the changing of 
rS  in 0.52 ~  . 

Field strength figure changes from oval into irregular geometry 

2 S

Table. 3 Influence coefficient of side beam 

Amount  SLL  2 SLL  6 SLL  8 SLL 2. SLL 26 SLL 32 SLL 38 

N 5 .. 9 .. 2 ...9 ...0 ...3 ...3 ...3 

N 6 ..2  .. 3 .. . ...8 ...4 ...3 ...3 

N 0 ..22 .. 4 ..   ...9 ...4 ...3 ...3 

N 8 .. 9 .. 4 ..   ...9 ...4 ...3 ...3 

 

Table. 4 The influence from antenna spacing to HPBW and FNBW 
(unit: °) 

S ( ) ..4 ..5 ..6 ..0 ..8 ..9   .   .2  .3 

FNBW 26.06 2 .54  5.06  3..6   . 0  ..54 9.95 8.42 8.2. 0. 0 

HPBW 8.4  6.00 5.66 4.86 4.25 3.09 3.42 3.   2.84 2.62 

 



 
(a)                          (b)  

 
(c)                          (d)  

Fig. 6 The influence from antenna spacing to pattern 
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Fig. 7 Radiation fields of with and without flat reflector 
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Fig. 8 Influence from the distance between flat reflector and the 

antenna array 
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and two side beam appears. Fig 8 (b) presents the radiation 

strength along with the changing of S . It is observed that, with 

the increasing of 
rS , the maximum intensity of radiation is 

changing as a parabola. The maximum radiation occurs when 

S  is 0.26 . When 0.52rS  , the graphics is the most regular 

and the radiation intensity reaches the maximum value. 

IV. SYSTEM DESIGNING AND IMPLEMENTATION 

According to the above analysis, the design of AGV 

positioning and guidance system based on active RFID is 

composed by fixed reader antenna and vehicle-mounted mobile 

tag. Reader antenna is composed by Dolph-Chebyshev array 

and flat reflector with 4 fixed antennas as a group, forming the 

coverage to an area. If the coverage need to be increased, the 

amount of antenna groups should be increased too. Tags adopt 

Dolph-Chebyshev antenna array, vertically fixed on AGV in 

proper position. The center of label antenna and reader antenna 

are deployed in the same height. 

A. Antenna Design 

According to the discussion, , the number of antennas is 

determined as 8. The side lobe level is 18SLL  . According to 

formula (14), electric intensity of eight source Dolph-

Chebyshev array is obtained by: 

   

 

3 5 3

8 0 1 2

7 5 3

3

4 3 16 20 5

64 112 56 7

E A A A

A

     

   

     

   

    (17) 

Through the calculation, the coefficients are: 

0

1

2

3

2.4177

2.1484

1.6764

1.7009

A

A

A

A








 

                 (18) 

Accordingly, the relative amplitude of the eight antennas are 

 1,0.99,1.26,1.42,1.42,1.26,0.99,1 . 

1) Design of Reader Antenna 

The reader antenna was fixed on the ground in order to get 

the best FNBW. Therefore, taking the Dolph-Chebyshev array 

space in 0.9 , the height of antenna array is 6.8 . The distance 

between the vibrator and flat reflector is S . The radiation 

directional diagram of flat reflector antenna and the input 

impedance are quite sensitive to S . When the spacing reduced, 

the cross coupling enhanced. When spacing increased, the main 

beam would get wider. According to the previous impact 

analysis of horizontal reflection, the optimal distance between 

the antenna array and the flat reflector is 0.26 . 

Plate size has great influence on the gain strengthening in the 

front direction of the antenna and elimination of the back 

radiation. Comparing the condition that both height and width 

of reflection plate are small, it could be observed that when the 

reflect plate height is small, the front-to-back ratio is still very 

small.  Through experiment and theoretical analysis, the design 

of the reflection plate is optimized. In the point of economical 

view, to satisfy the requirements of practical engineering, 

reflection plate with the height of 9  and width of 2.5  is 

selected. 

2) Design of Tag Antenna and System 

The tag antenna as an emitter also uses Dolph-Chebyshev 

array. But the tag antenna needs to be mounted on the AGV 

while moving frequently. The bigger size antenna will affect the 

safety of AVG’s movement. Therefore, a smaller unit array 

within spacing of 0.5  is used with the total height of 4 . 

Working in the frequency of 2.45G, the total height of tag 

antennas is about 0.5m. 

Far field active RFID system continuously receives 

electromagnetic information of active tags to complete 

positioning and guidance of an AVG. In order to meet the 

requirements of real-time positioning in a certain speed, the 

AVG needs to meet certain sending frequency in per unit-time. 

The average speed of AGV is 2m/s-5m/s in the designed 

warehouse in our lab. In order to ensure the accuracy and 

timeliness of positioning, the information emitting frequency of 

active tags mounted on AGV vehicle is set as 100 times per 

second. In this case, an AGV sends a message as it runs every 

0.02m-0.05m, which ensures the positioning accuracy and 

timeliness. 

B. Layout of Antenna 

In combination with the above discussion of antenna design, 

the directional function of the sending antenna is  ,SF   . of 

the Dolph-Chebyshev array factor is set as 0.5 . The 

directional function of receiving antenna is  ,RF    with 

Dolph-Chobyshev array space of 0.9 . Thus, the sending 

function is: 

  8,SF E E                     (19) 

The receiving function is: 

   8,R fF E E G                   (20) 

In the process of antenna arranging, center heights of the tag 

antenna and reader antenna are arranged in the same.  

The vertical angle of antenna height is 2  . Let the flat 

reflection 0.52rS  , we can get: 

  0 1 2 3,SF a a a a                   (21) 

   0 1 2 3,RF K a a a a                  (22) 

 is the constant. 

Assuming 
minP  is the threshold value of the reader device, it 

means when energy value detected by receiving antenna is less 

than 
minP , the reader device can't read the signals from this 

active tags. r  is the biggest distance in the longitudinal 

direction of the receiving antenna electromagnetic field. Due to 

the energy of active tags supplied by AGV, the sending 

wavelength of the electromagnetic wave   and energy 
inP  can 

be determined as constants. 
1G  and 

2G  are the gains of 

receiving antenna and transmitting antenna. Therefore, the 

energy threshold can be obtained by formula (5) when the 

longest distance r  is determined. We can get: 

  11

11 12

2 sin 0.52 cosL

L

R R
K

R R R
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2 2 2

1 2

min 2

, ,

4

S R inG G F F P
P

r

    


          (23) 

According to the maximum coverage of active RFID, the 

longest distance along the vertical direction of the antenna 

coverage field will be 20r  . Using formula (24) with 

 - ,    and 
minP , the coverage of electromagnetic field is [-

32m,+32m]. For ensuring the electromagnetic fields coverage, 

the horizontal distance between an antenna and another antenna 

is set as 5m. So when an AGV runs in the antenna group, the 

tags’ signal can be detected at least by four antennas. Since the 

farthest longitudinal radiation distance is 20m, the distance 

between antennas in the longitudinal direction of the 

electromagnetic field is 19m. 

Fig. 9 shows the coverage of four sets of antennas which have 

certain blind spots (albeit diminutively). The width 
bd  of the 

shadow of the blind area in Fig 9 (a) is 1m. Therefore, after the 

position of the antenna is determined, a channel needs to be 

limited. Fig. 10 (a) shows the channel in the shadow area 

covered by two thick lines. 

 
For the vertical overlap area, 

sd  is the distance between the 

two antenna groups and let 2s bd d  as shown in Fig. 10 (b). A 

blind area is just completely covered by two crossed antenna 

groups. Therefore, through the antenna arranged alternately, 

AVG can be located in the whole area. 

C. AGV Positioning 

Substituting the receiving function (23) and sending function 

(22) into the Friis transmission formula, we can get: 

 
 

2

sin 0.52 cos
,reP K

r

 
 


            (24) 

 
2

2 11
1 2 0 1 2 3

11 12

2
4

L
in

L

R R
K G G a a a a P

R R R





 
         

 is the 

constant. So the Friis transmission formula only relates to   

and r . Let the detection coordinates of AGV is  ,x y . Through 

coordinate system transforming,   and r  can be replaced by x  

and y  in the Friis transmission as shown in Fig. 10. 

 
From Fig. 10, coordinate of No. 1 antenna is  1 1,a b . The 

active tag polar coordinate relative to No. 1 antenna could be 

expressed as  1 1 1 1cos , sinr r  . The coordinate of No. 2 

antenna is  2 2,a b  with its active tag polar coordinate relative 

 2 2 2 2cos , sinr r  . Thus, we can get: 

   

1 1
1

2 2 2 2

1 1 1 1

cos
x x a

x y x a y b



 

   

      (25) 

   
2 2

1 1 1r x a y b                 (26) 

The Friis equation of No. 1 antenna is 

 
   

   

1

2 2

1 1

1 2 2

1 1

sin 0.52

,

x a
K

x a y b
P r

x a y b





 
 

    
  

    (27) 

The Friis equation of No. 2 antenna is 

 
   

   

2

2 2

2 2

2 2 2

2 2

sin 0.52

,

a x
K

x a y b
P r

x a y b





 
 

    
  

    (28) 

From Fig. 10, solving the simultaneous FriiS equations of 

antenna No.1 and No.2, two points of intersection can be 

obtained. By the same token, two points of intersection can be 

obtained by the simultaneous FriiS equations of antenna No.1 

and No.3. It ensures that the signal could be detected effectively 

by at least four antennas. If this amount is more than four, then 

four antennas with stronger field intensity will be chosen. 

D. Simulation and System Implementation 

1) Simulation Result 

In order to verify the approaches proposed in this paper, 

simulation experiment is carried out in windows XP operating 

system and the environment of MATLAB2009a. Walking 

speed of the AGV is 2m/s. Sending frequency of the signal is 

200times/s. The precision value of inflection point is 0.07m. 

The accuracy value of endpoint is 0.05m. The path width is 0.lm. 

The perturbation error is set as 1% - 2%.  

a

bd

L

W

bd

bd bd

b
 

Fig. 9 Blind area of antenna coverage and overlapping  

 
Fig. 10 AGV positioning solving scheme 

 

X 

1  
 1 1,a b  
 

Y 

2  

3  4  

1r  2r  

3r  4r  
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Fig. 11 shows a complete AGV moving path. In this figure, 

green border is the security cordon. An AGV acts in green 

frame is a safe. Red border is the initial path guidance line. 

According to the diagram, AGV positioning and navigation 

through the far field active RFID system, the getting out of the 

security cordon never happens in the running process. 

 
Fig. 12 is the partial enlargement of the simulate image. AGV 

is in moving state. The pink line is AGV location calculated by 

the active far-field RFID positioning system. The blue line is 

the actual path of AGV. It can be clearly seen in the picture that 

there are some disturbances between the position measured by 

the antenna group and the actual path of AGV. However, the 

AGV has strong resilience on the disturbances. As is shown in 

the marked area in Fig. 12, it can be found after amplification, 

AGV merely reorient several times in the process of driving. 

 
Fig. 13 is a partial view of four turning parts. In order to 

ensure smoothness, turning point is slightly weakened, it can be 

seen from the graph, no complex positioning process occurs in 

the turning process. After entering the neighborhood of turning 

point, a new path is generated according to the break point and 

the target point to ensure the accuracy of the direction of 

travelling AGV. 

 
Fig. 14 is the partial view of the end portion. It can be seen 

in the graph, AGV is relatively stable in the final movement. 

For AGV path simulation, three paths are formed. First one is 

planning path, which is determined by the starting point and end 

point. Second one is testing path. An AGV transmits in the 

operation process and the testing path is obtained by positioning 

of antenna. The third one is the actual path. Ten points are 

selected to present the simulation results as shown in Table 5. 

The target endpoint  ,r rX Y  is recorded by the coordinates of 

the simulated path. the testing path coordinate is  ,a aX Y , and 

the actual path coordinate is  ,a aX Y . 

 
The difference between testing path and the simulated path is 

defined as 
f  (movement error). The difference between the 

test path and actual path is 
e  (measurement error). Table 6 

shows the statistics analysis of 
f .and 

e . 
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Fig. 11 Simulative path 
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Fig. 12 Simulative movement of AGV  
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Fig. 13 Simulative turning sketch AGV  
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Fig. 14 Simulation of terminal location sketch of AGV 

Table. 5 Coordinate data of AGV moving process (m) 

   2 3 4 5 6 0 8 9  . Last 

tX   ....  ....  4.96  5...  5...  5...  ...6 5..5 5... 5... 5... 

tY  4.95 9.92  .... 5. . ...9 -4.9. -5... -5... -...3 4.96  .... 

aX   ....  ...   4.96  4.99  5..   4.99  ...6 5..5 5... 5..  5... 

aY  4.95 9.92 9.93 5. . ...9 -4.9. -4.98 -4.99 -...3 4.96 9.90 

rX   ....  ....  4.95  5...  5...  5...  ...5 5..5 5... 5... 5..  

rY  4.95 9.95 9.99 5..9 ...9 -4.9. -4.98 -4.99 -...3 4.90 9.90 

 

Table. 6 Statistics of movement error and measurement error (m) 

   2 3 4 5 6 0 8 9  . Last Avg. 

f  .... ...  ...0 ...  ...  ...  ...2 ...  .... ...  ...3 ... 6 

e  .... ...3 ...  ...  .... .... ...2 ...  .... ...  ...3 ... 2 
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According to the Table 6, the average movement error and 

measurement error are 0.016f  m and 0.012e  m 

respectively. It could be concluded that the far-field active 

RFID system positioning accuracy is higher. The movement is 

more stable and the fluctuating rate is smaller. 

 
Fig. 15 System implementation in a laboratory warehouse 

2) System Implementation 

Fig. 15 presents a real-life system implementation in a 

laboratory warehouse which covers area of 20 m2. Five AGVs 

labeled as No. 1 to No. 5 are deployed in the warehouse. Four 

antennas are deployed on each corner and two antennas are 

deployed on the ceiling so that the signals are able to cover all 

the areas, where 4 antennas with stronger field strength are 

chosen to determine the AGV locations. Table 7 shows the 

system testing results comparing the set 10 points and actual 

coordinates with a travelling path of No.2 AGV. Q means the 

quantities of AGV and P means the points. The coordinates of 

10 points are (0, -1), (0, -0.8), (0, -0.6), (0, -0.4), (0, -0.2), (1, 

0), (2, 0), (3, 0), (4, 0), and (5, 0). 

 
From Table 7, it could be observed that the proposed locating 

approach is capable of enabling the positioning and navigating 

AGVs in the warehouse. As the increasing of AGV quantities 

in the testing environment, the accuracy slightly reduces. That 

because the signals will be influenced by the AGVs which are 

moving closely. However, in a larger area like in real-life 

warehouse, the influences will be greatly reduced since an AGV 

may have more space to move around. It is also observed that 

the accuracy will be greatly reduced after an AGV passing a 

quarter bend. The control service for the bending movement 

attributes to the accuracy reduction, thus, a more suitable 

control algorithm with parallel processing capacity is needed to 

improve this. 

V. SUMMARY 

This paper introduces an active RFID tag-enabled 

localization approach for AGV by making full use of magnetic 

field lines. This approach uses the concept of errors suppression 

positioning that is used to measure the vertical and horizontal 

reflection of suppressions. The positioning system for AGV is 

presented in terms of design of antenna and positioning manner. 

The implementation and simulation are illustrated. 

Several contributions are significant. First, Dolph-Chebyshev 

antenna array is used in this system to enable AGV with more 

precise location implementation. The magnetic field lines are 

used for precise positioning. Secondly, this system is proved to 

be feasible and practical in real-life implementation after 

simulation tests. It is observed that the far-field active RFID 

system positioning accuracy is higher, the move is more stable 

and the fluctuating rate is smaller. 

The future work will be carried out as follows. First of all, the 

accurate of positioning information will be used for advanced 

decision-makings like route optimization so that the cost could 

be reduced. In this case, new mathematic models are needed. 

Secondly, the real-life application of this system in warehouse 

management system or logistics control will be carried out to 

verify the feasibility and practicality in real-life applications. 
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