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Abstract 
 

BeiDou navigation satellite system (BDS) is one of the four main types of global navigation 
satellite systems. The current system has been widely used by the military and by the 
aerospace, transportation, and marine fields, among others. However, challenges still remain 
in the BeiDou system, which requires rapid responses for delay-sensitive devices. A 
differential positioning algorithm called the data center-based differential positioning (DCDP) 
method is widely used to avoid the influence of errors. In this method, the positioning 
information of multiple base stations is uploaded to the data center, and the positioning errors 
are calculated uniformly by the data center based on the minimum variance or a weighted 
average algorithm. However, the DCDP method has high  delay and overload risk. To solve 
these problems, this paper  introduces edge computing to relieve pressure on the data center. 
Instead of transmitting the positioning information to the data center, a novel method called 
edge computing-based differential positioning (ECDP) chooses the nearest reference station to 
perform edge computing and transmits the difference value to the mobile receiver directly. 
Simulation results and experiments demonstrate that the performance of the ECDP 
outperforms that of the DCDP method. The delay of the ECDP method is about 500ms less 
than that of the DCDP method. Moreover, in the range of allowable burst error, the median of 
the positioning accuracy of the ECDP method is 0.7923m while that of the DCDP method is 
0.8028m. 
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1. Introduction 

The BeiDou navigation satellite system (BDS) developed by China can provide users with 
high precision as well as all-weather and real-time positioning and navigation [1-3]. The BDS 
has a wide range of applications in military and civilian areas. It requires a rapid response and 
high precision. Consequently, it is necessary to investigate the positioning algorithm for the 
BDS, thereby impoving the compititiveness and promoting the development of the BDS.  

 Due to satellite ephemeris errors, clock errors, tropospheric errors and many other factors, 
deviations often exist in satellite positioning, making it difficult to meet the needs of 
high-precision positioning [4]. Differential positioning technology has been introduced into 
the BeiDou system to eliminate the influence of position deviation. Due to its ability to offset 
the public error of mobile and reference stations, the differential positioning algorithm has 
become the preferred correction technique and is now globally used in various applications 
[5].  

In the original data center-based differential positioning (DCDP) method, each base station 
transmits the observed data to the data center continuously, the data center can obtain its 
synthesized difference value in view of the minimum variance or the weighted average 
algorithm according to multiple reference station observations [6]. After the error deviation is 
calculated, the data center broadcasts the deviation data to mobile receivers. When the 
equipment receives the satellite signal, the mobile receivers add the difference value to obtain 
final three-dimensional coordinate, improving positioning accuracy. The accurate position of 
the receiver can be determined according to the difference value and the distance between the 
satellite and the user receiver [7]. However, the technology uses the data center computation to 
transmit the deviation data. Although this method provides many benefits to users, such as 
increased data handling and better computing ability, several challenges remain when using 
this method [8].  

One of the challenges is that the network bandwidth that carries data to and from a data 
center does not increase as user positioning demand increases [9]. As a result, with greater 
amounts of data being generated by users, the core network wastes large amounts of 
bandwidth. Another challenge arises when users require shorter response time and more 
efficient processing from the system for delay-sensitive applications. Furthermore, use of the 
data center to process the positioning information will also raise privacy concerns [10]. The 
most important challenge is that the “anti-fragility” ability of the DCDP method is very low. 
Once the data center is under attack, the performance of the system would be affected. 

To solve the above problems, the paper introduces edge computing into the BDS and 
proposes a novel method called edge computing-based differential positioning (ECDP). The 
ECDP method offloads various computing tasks to the network edge, which allows the use of 
its services with low delay and high reliability. Edge computing can offload the pressure on the 
core network resulting from processing, storage, caching, and load balancing [11]. 

The scheme is designed for the case in which at least two reference stations are within the 
positioning range. Specifically, under the scheme, the progress of sending the correction to the 
data center is removed, which is time consuming and results in data transmission delay. Thus, 
this paper proposes using the reference station closest to the mobile station to compute and 
transmit data directly to the mobile station. In this manner, the ECDP will enable a low delay 
positioning process and share the pressure on the data center. And what's more, “anti-fragility” 
ability of the BDS will be greatly enhanced. 
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The remainder of this paper is organized as follows. Section 2 presents the original DCDP 
algorithm model and formulates the calculation progress of DCDP. Section 3 describes the 
ECDP method. Section 4 presents the experimental results and analyses. Finally, Section 5 
concludes the paper. 

2. DCDP Positioning Model And Formulation 

2.1 Principle of the Pseudo-range Difference 
Differential positioning technology can be divided into four types of algorithms according to 
the information used: position difference, pseudo-range difference, phase smooth 
pseudo-range difference or carrier phase difference [12-14]. The four differential positioning 
techniques work in a similar manner. The mobile station corrects the positioning result by 
receiving the difference value from the reference station, which can improve the positioning 
accuracy. However, these four algorithms have their own characteristics and their respective 
application scenarios. The comparisons of four differential algorithms are listed in Table 1.  
 

Table 1. Comparison of four differential algorithms 
Classification Advantage Disadvantage Scene 

Position Difference 
algorithm 

simple calculation; 
good compatibility 

low positioning 
accuracy 

Public Location 
Service 

Pseudo-range 
Difference algorithm 

any observation of four 
satellites is effective;  

no need to convert 
coordinate system 

accuracy decreases 
with the distance from 
base station to mobile 

station 

Location Based Service 
(LBS) 

Phase Smooth 
Pseudo-range 

Difference algorithm 

relatively high 
positioning accuracy 

long static observation 
time; phase 

observations cannot 
have large cycle slip 

Weather Forecast; 
Marine Mapping 

Carrier Phase 
Difference algorithm high accuracy 

long static observation 
time; cannot appear 

code error or satellite 
lockout 

Engineering 
Measuring; 

Ground Subsidence 
Monitoring 

 
Although the DCDP and ECDP methods are applicable to all above differential techniques, 

due to space limitations and demand of  civil development, this paper considers the most 
widely used and most mature type, namely, the pseudo-range difference. 
    The pseudo-range difference is one of the most mature BeiDou differential positioning 
technologies. The pseudo-range is the distance between the BeiDou receivers and all visible 
satellites. In addition, the distance between the true coordinates of each receiver and the 
satellite is called the true distance. Then, the pseudo-range difference between the 
measurement distance and true distance can be obtained. Within the positioning area, multiple 
reference stations that constitute the continuously operating reference stations (CORS) system 
send the pseudo-range difference values to the data center. The data center computes the final 
difference of the pseudo-range synthetically, and then broadcasts the final data to the mobile 
receivers. The mobile station corrects the pseudo-range by adding the pseudo-range difference 
value. Finally, the user receiver calculates the more accurate coordinate values based on the 
corrected pseudo-range. The model of the DCDP system is shown in Fig. 1. 
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Fig. 1.  DCDP system model 

2.2 DCDP Method 
The pseudo-range can be obtained by specifying the time difference between the satellite and 
user receiver, multiplied by the speed of light. Furthermore, the pseudo-range must consider 
various errors, such as the satellite ephemeris error, clock error, and tropospheric error. The 
equation of pseudo-range can be expressed as (1) [12]. 
                                    ρρ γ δ δ ε= + − + + +ki i

u ut t I T                                                 (1) 

where γ  represents the geometric distance of the receiver, δ ut and δ it  represent the clock 
difference and satellite clock errors caused by the amount of pseudo-range changes, 
respectively, I  and T  denote the pseudo-range change caused by ionosphere and 
troposphere, respectively, and ρε  is the sum of errors not directly reflected in the equation. 

The specific coordinates of satellites can be calculated based on the BeiDou satellite 
ephemeris files. Thus, let ( , , )i i i

s s sx y z denote the coordinates of the visual satellites and 
( , , )j j j

r r rx y z denote the precise coordinates of the reference station. Then, the true distance 
from the visual satellites to the reference station is 

                                      2 2 2( ) (y ) (z )ji j i j i j i
r s r s r sR x x y z= − + − + −                                            (2) 

According to the least squares algorithm, the reference stations are obtained as ( , , )j j j
r r rx y z
∧ ∧ ∧

. 

Thus, the pseudo-range iρ  from the reference station to the satellites is 

                                2 2 2( ) ( ) ( )ji j i j i j i
r s r s r sx x y y z zρ
∧ ∧ ∧

= − + − + −                                            (3) 
The pseudo-range includes various errors. To reduce the impact of these errors, according to 

the measured receiver coordinates, the deviation of the pseudo-range jiρ∆  and its rate of 

change 
•
jiρ∆  can be obtained as follows [15]: 

                                           ,
ji ji

ji ji jiR
t
ρρ ρ ρ

• ∆
∆ = − ∆ =

∆
                                                     (4)                                                        
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In the DCDP method, multiple reference stations send jiρ and 
ji

ρ
•

  to the data center 
continuously. There are several algorithms that the data center can be used to calculate the 
integrated result. One algorithm is the weighted average algorithm. In the positioning area, 
there are multiple reference stations with different distances and different ages of use. Thus, 
these stations should have unequal weights in the calculation. A more reliable reference station 
is given a greater weight, whereas an unreliable reference station is given a low weight or, in 
some cases, no weight. In addition, the principle of minimum variance should be applied. This 
algorithm uses the output variance as the adjustment index, and the result is transmitted to the 
user receiver when the variance is minimum. The adjustment calculation is a method of 
probability theory that uses n equations to solve m unknowns (n > m) [16]. The weighted 
average algorithm is adopted in this paper. Then, the data center transmits the final jiρ∆  

and
ji

ρ
•

∆  results to the users. 

 
Fig. 2. Distribution of multiple base stations 

 
To obtain the differential data of several reference stations, data are collected according to 

the distribution shown in Fig. 2. Based on the weighted average principle, the weight number 
is inversely proportional to the distance, and the final result is shown in (5). 

                                             

1

1

1

1

1 1
1

1 1
1

Nji ji
c cm

N
m

m
ji

Nji
cmc

N
m

m

L
L

L
L

ρ ρ

ρ ρ
• •

 
∆ = ∆ 

 

 
∆ = ∆ 

 

∑
∑

∑
∑

， 

                                           (5) 

where N is the number of reference stations in the positioning area and mL  is the distance from 
the mobile receiver to base station m. 

The mobile station corrects its measured pseudo-range with the pseudo-range correction 
value. 

                                             0( )ki ji ji
u c c t tρ ρ ρ ρ

•

= + ∆ + ∆ −                                                   (6) 
Finally, according to the least squares algorithm, the mobile receiver solves the coordinates 

by the corrected pseudo-range ρ . Let ( , , )k k k
u u ux y z  denote the corrected coordinates of the 

mobile station. Then, the pseudo-range of the mobile station is 
                              2 2 2

u( ) ( ) ( )k i k i k i k
u s u s u sx x y y z z ctρ = − + − + − +                                       (7) 
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where ut  denotes the time-offset estimation. 

3. Edge Computing-based Differential Positioning Algorithm 

In the DCDP method, the data processing center computes the difference value. However, this 
process can cause delay and waste bandwidth. To resolve the disadvantages of the original 
DCDP method, this paper proposes the ECDP method, which exhibits low delay and provides 
mobility support. Moreover, the ECDP method does not affect the accuracy of the DCDP 
method. 

3.1 Edge Computing 
Edge computing refers to the enabling technologies that integrate the network, computing, 
storage, and application of the core capabilities and provide intelligent services at the edge of 
the network or near the edge of the data source [17]. Edge computing can meet key 
requirements of real-time business, data optimization, application intelligence, security and 
privacy protection [18]. 

Data are produced at the edge of the network rapidly; thus, data can be processed more 
efficiently at the edge of the network than at the central server [19]. In this paper, the reference 
station closest to the mobile receiver is used as the edge device to compute data instead of at 
the data center. 

In the DCDP method, there are several principles to calculate the integrated result at the data 
center, including the minimum variance, weighted average and adjustment calculations. 

The above methods reduce the risk of device damage due to the effect of multiple reference 
stations. However, these methods increase delay. Under this condition, the DCDP method 
cannot provide a rapid response. Therefore, this paper proposes using the nearest reference 
station at the edge of the network to compute the difference value. Under this scheme, low 
delay requirement is satisfied by finding the reference station with the fastest transmission. 

3.2 ECDP Method 
The user receiver receives data from the surrounding reference stations. With several base 
stations broadcasting their difference values, the mobile receiver begins to calculate its own 
coordinates until the received difference value is successfully obtained from the nearest base 
station. According to the distribution shown in Fig. 3, the ECDP method chooses the nearest 
base station BS1 to get the final difference value. 

 
Fig. 3. ECDP method 
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Assuming that the nearest base station has the highest transmission speed, and thus 
guarentee the stability when a mobile user switches from one to another nearest station. With 
several base stations broadcasting their difference values continuously, each time a mobile 
user sends a location request, the base station with the highest transmission speed is allowed. If 
the user moves to the range of another base station, the highest transmission will also change 
as the new nearest base station, thereby ensuring the most accurate positioning accuracy and 
the fastest transmission speed. 

Due to the removal of the data center, this method decreases the transmission delay and 
calculation progress for the data center, and the new method also solves the problem of 
bandwidth waste.  The new system is shown in Fig. 4. 

 
Fig. 4.  ECDP system model 

 
However, what cannot be ignored is that, despite of small probability, each base station has 

a lifetime or overload risk, and the progress of transmitting data is influenced by various 
uncertain parameters. All of these factors can cause the delay even the transmission failure.  In 
the DCDP method, to reduce the above-mentioned risk, the DCDP method uses the data center 
to handle data, with the expense of increasing delay.  

While for the ECDP method in a real positioning environment, a reasonable strategy is 
needed to prevent the nearest base station from being overloaded/damaged. For the case of 
damaged base station, the second nearest station can still transmit data to the user receiver at 
the system edge for calculation. But for the case of overloaded edge, when the nearest 
reference station is requested too much, exceeding the tolerance threshold, The ECDP method 
will trigger the shunting mechanism. When there is at least one available base station, the 
second nearest base station will transmit data to the user receiver at the edge of the network [9]. 
But when there is no available base station arround, since the reliability of the base station data 
is strongly related to the distance between stations, the data from outland base station cannot 
be directly forwarded. Therefore, the ECDP method performs edge computing using virtual 
base station within a short baseline range, where the virtual base station is generated by the 
nearest mobile receiver that can be connected to a real base station [9,20]. In the strict sense, 
the virtual reference station needs to obtain the error-related spatial error model, and then use 
the interpolation method to obtain the error-affected correction number based on the rough 
position of the mobile receiver. The strategy of the anti-overload edge is shown in Fig. 5. 
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Fig. 5. Strategy of the anti-overload edge for ECDP method 

 

3.3 Pseudo-range-based Positioning Algorithm 
This paper uses the least squares iteration algorithm to determine the mobile receiver 
coordinates. The least squares iteration algorithm is widely used in the BDS because of its 
simplicity and maturity [21]. The basic principle used to obtain the optimal solution in the least 
squares iterative method is to minimize the sum of squares of the errors. When the difference 
value is obtained from the nearest base station, the solution algorithm of the mobile receivers 
uses the difference value to remove the common errors of the base station and mobile station. 
Most importantly, instead of transmitting the distance deviation to the data center and 
broadcasting to users, edge computing from the nearest reference station to the mobile 
receivers is used. The improved method decreases delay and avoids resource waste compared 
with the DCDP method. The details of the algorithm are as follows. 

Let the approximate position of the user be ( , , )k k k
u u ux y z
∧ ∧ ∧

; then, the true position of the user 

is ( , , )k k k
u u ux y z , and the pseudo-range can be denoted as follows: 

                                     2 2 2( ) ( ) ( )
( , , , )

k k i k i k i k
u u s u s u s u

k k k k
u u u u

x x y y z z ct
f x y z t

ρ = − + − + − +
=

                                (8) 

Similarly, the approximate pseudo-range is 

                                    
2 2 2( ) ( ) ( )

( , , , )

k k i k i k i k
u u s u s u s u

k k k k
u u u u

x x y y z z c t

f x y z t

ρ
∧ ∧ ∧ ∧ ∧

∧ ∧ ∧ ∧
= − + − + − +

=
                                  (9) 
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According to the Taylor expansion equation and with the non-linear term eliminated, the 
pseudo-range is expressed as (10) [22]. 

                                    
^ ^ ^

^

^ ^ ^

i k i k i k
k k k k ks u s u s u
u u u u u

ik ik ik

x x y y z z
x y z

r r r
ρ ρ

− − −
= − ∆ − ∆ − ∆                              (10) 

where 
^

2 2 2( ) ( ) ( )ik i k i k i k
s u s u s ur x x y y z z= − + − + −             

The position and time differences are given in (11). 

                                              
^ ^

^ ^

k k k k k k
u u u u u u

k k k k k k
u u u u u u

x x x y y y

z z z t t t

= + ∆ = + ∆

= + ∆ = + ∆

， ，

，
                                              (11) 

For convenience, the following variables are introduced to simplify (11). 

                                               

^
^

^

^ ^

^ ^

, ,

,

i k
k k k s u
u u u xk

ik

i k i k
s u s u

yk zk
ik ik

x x
a

r
y y z z

a a
r r

ρ ρ ρ
−

∆ = − =

− −
= =

                                             (12) 

Equation (10) can thus be written as follows [23]. 
                                        k k k k k

u xk u yk u zk u ua x a y a z ctρ∆ = ∆ + ∆ + ∆ +                                          (13) 
Let (13) be written in matrix form as (14) [23] 

                                                         H xρ∆ = ∆                                                              (14) 
where 

                               

1 1

1 1 12 2
2 2 2

3 33 3 3

4 4 44 4

1
1, ,1
1

u u
x y z

u ux y z

x y zu u
x y z

u u

xa a a
ya a aH xa a a z

a a a
t

ρ

ρ
ρ

ρ

ρ

   ∆
    

∆    ∆ = = ∆ =    ∆    
    ∆   

                                (15) 

Then, the solution of (14) is 
                                                         -1=x H ρ∆ ∆                                                              (16) 

Once the unknown variable is calculated, the true position ( , , )k k k
u u ux y z  can be calculated 

using (11). 
The reference stations also use the least squares iteration algorithm to calculate the 

measured coordinates. 
When obtaining the coordinates of the reference station, according to (4), the reference 

station calculates the deviation of the pseudo-range. Then, instead of transmitting the 
deviation to the data center, the reference station sends the data to the user receivers, which is 
called edge computing. The deviation of the nearest station is ji

ceρ∆ , and its variation rate 

is ji
ceρ
•

∆ . Therefore, the final pseudo-range is as shown in (17). 

                                           0( )ki ji ji
u ce ce t tρ ρ ρ ρ

•

= + ∆ + ∆ −                                                    (17) 
Then, the corrected pseudo-range is used to correct the original result. 
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4. Numerical Results and Analysis 
This section presents the simulation and experimental results to demonstrate the efficiency and 
accuracy of the ECDP method. The ECDP method has several advantages compared with the 
DCDP method, such as low delay, low complexity and guaranteed accuracy. 

4.1 Data Pre-processing 
OEM6® Family Firmware which produced by NovAtel company, a subsidiary company 
affiliated with Sweden Hexagon Company, is used to collect the satellite data. The devices 
include the base station and mobile receiver. The software uses a high-precision receiver as the 
base station. And in order to meet the reliability of observation data, the paper considers the 
impact of the observation environment as much as possible in the experimental site selection. 
As shown in Fig.6, the site of the experiment is the playground of University of Science and 
Technology Beijing, which satisfies the following requirements for site selection. 
• Be far away from water bodies, glass curtain walls and metal objects that are easy to 

produce multi-path effects. 
• The elevation angle around the base station is not covered by more than 5 degrees: away 

from high voltage electricity Towers, radio transmitters, microwave stations and other 
electromagnetic interference areas.  

• No high-voltage lines crossing from above. 
• Be away from the railway along the line and other vibration-prone areas. 

 

 
Fig. 6.  Environment of BDS data collection 

 
   By connecting it to the antenna, the base station can obtain the precise coordinates of the 
receiver and BeiDou satellite. Then, the pseudo-range deviation ji

cρ  can also be obtained by 
sending data to the computer through a serial port. The mobile receiver can obtain the final 
coordinate results using the difference value from the nearest base station. The satellite status 
information can be obtained using the host computer software. As shown in Fig. 7, the current 
satellite conditions can be used to locate the coordinates of the receivers, meeting the 
positioning requirements. 

 
 
 
 



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 13, NO. 1, January 2019                              79 

 
 

 
Fig. 7.  Interface of the satellite states 

 
 
By connecting the antenna, the OEM6® Family Firmware can receive the ephemeris 

parameters of the satellites. The satellite data can then be obtained with host computer 
software. The file of the base station can be obtained by sending command “Log satxyz2 
ontime 1”. 

The base receiver can obtain the coordinates of visible satellites through the ephemeris 
parameters. All coordinates are then transformed into the CGCS2000 coordinate system of the 
BeiDou satellite system. For convenience, some satellite positioning data are listed 
systematically in Table 2. 

 
 

Table 2. BeiDou satellite coordinates 
NO. X Y Z 

BeiDou 1 -32278726.6771 27095095.9105 1015818.6679 
BeiDou 8 15634005.4651 37533334.7883 11574428.7805 

BeiDou 4 -39599343.7839 14454502.7898 707686.8018 
BeiDou 7 -22937935.1148 26515544.8530 23235942.8881 

 
 

4.2 Positioning Accuracy Comparison 
As the quality of observed data is related to the geometric shape of satellites and receivers, the 
strength of precision is large. Thus, the position dilution of precision (PDOP) parameter is 
used to denote the relationship between the dimensional position accuracy and geometry 
navigation table. The PDOPs of the DCDP and ECDP methods are obtained and are shown in 
Fig. 8 and 9, respectively. The value of the PDOP is less than 2 during observation, regardless 
which method is used. 
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Fig. 8. PDOP of the DCDP method                       Fig. 9.  PDOP of the ECDP method 

 
 
In addition, the horizontal dilution of precision (HDOP) is an accuracy factor of the 

horizontal component, and the vertical dilution of precision (VDOP) is an accuracy factor of 
the vertical component. The relationship between the HDOP and VDOP is given in (18) [24]. 

                                              2 2 2HDOP VDOP PDOP+ =                                                 (18) 
The HDOP and VDOP of the DCDP method are shown in Figure 8. The HDOP and VDOP 

of the ECDP method are shown in Fig. 11. These two figures illustrate that there is only a 
small difference between the two methods. 

 
 

     
Fig. 9. HDOP and VDOP of the DCDP method             Fig. 10. HDOP and VDOP of the ECDP method 
 
 

In the two different algorithms, the paper adopts a similar observation environment, which 
avoids other errors causing different interference to the results. From Fig. 8 to Fig. 11, the 
numerical performance is nearly uniform over time. 
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        (a)Error of the DCDP method                                     (b)Error of the ECDP method with closest BS 

 

  
(c) Error of the ECDP method with neighboring BS           (d) Error of the ECDP method with virtual BS 

 
Fig. 12. Errors of the DCDP and ECDP methods 

 
Then, the receiver can obtain coordinates in the CGCS2000 coordinate system using the 

satellite coordinates combined with the pseudo-range difference algorithm. The positioning 
errors of the DCDP and ECDP methods are shown in Fig. 12. The accuracy of the two 
methods is similar, but the ECDP method should be separated to several cases. In order to 
compare the differences more quantitatively, the paper selects the median as an indicator to 
measure its error value. Through statistical calculations, it can be concluded that the median of 
DCDP method is 0.8028m which is shown in Fig.12 (a). While for the ECDP method, it is 
shown with different cases in Fig.12 (b), (c) and (d). In the most case, when the nearest base 
station is not overloaded or damaged, the median of positioning accuracy is 0.7952m, 
improving 0.0105m than DCDP method; When the neighboring base station was chosed, the 
median of positioning accuracy is 0.7923m, improving 0.0076m than DCDP method; In rare 
cases, when the nearest base station is overloaded and there are no other available base stations 
around, the positioning accuracy of the virtual base station is 0.8073m, which is 0.0045m more 
than DCDP method. All the cases demonstrate that the difference of ECDP and DCDP method 
is in the range of accidental errors, even in the case of uneven distribution of base stations, the 
virtual reference station can ensure reliable positioning accuracy, which provides guarantee 
for the expansion capability of the system. All these results demonstrate that the ECDP 
method can maintain the positioning accuracy and ensure positioning reliability. 
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4.3 Complexity Analysis 
There are M satellites and N reference stations participating in the differential positioning. 
Both methods are combined with the least squares iteration algorithm to perform L iterations. 
The general least squares iteration algorithm must iterate for four variables, namely, three 
coordinates and the clock difference. Thus, the complexity is (4 ) ( )O ML O ML≈ . In addition, 
when a user requests positioning, there are N reference stations participating in positioning in 
the DCDP method, whereas there is only one reference station in the ECDP method. Therefore, 
the complexity of the DCDP method is ( ) ( )O ML O N+ , whereas the complexity of the ECDP 
method is ( ) (1)O ML O+ . Thus, the ECDP method is superior to the DCDP method in terms of 
complexity. 

4.4 Delay 
In the ECDP system, there is a single-hop communication delay between the user and base 
stations, whereas the DCDP system has a two-hop communication delay that includes 
transmitting data to the server and sending the final result to the mobile receiver. The known 
singular delay of transmitting data is 270ms. Thus, the delay of the ECDP method with 
transmitting data is approximately 270ms, and the delay of the DCDP method is 
approximately 540ms. Therefore, the ECDP method has a shorter response time during 
transmission; specifically, the delay is 270ms shorter than that of the DCDP method. 

Furthermore, in the DCDP method, after sending data to the server, the data center must 
handle the data of several base stations that consume time. The ECDP method does not need to 
consume this time. 

Thus, the delay of the DCDP method is given in (19). 
                                                        1 2 t c mt t t t= + +                                                           (19) 
In (19), 1t  is the system delay; tt  denotes the transmission time for one hop of data 

transmission; ct  is the time that the data center handles correction values of the base stations; 
and mt is time that the mobile receiver solves the final positioning coordinates. 

Similarly, the delay 2t  of the ECDP method is given in (20). 
                                                           2 t mt t t= +                                                               (20) 
Therefore, the difference time between the DCDP and ECDP methods is as follows: 
                                                        1 2 t ct t t t t∆ = − = +                                                      (21) 
As noted above, the transmission delay of one hop tt  is 270ms.  Thus, 
                                                          270 ct ms t∆ = +                                                        (22) 
Because ct  increases with an increasing number of positioning users, the delay of DCDP 

method is not stable in the network. In the ECDP method, as the number of users increases, the 
delay is relatively stable and only depends on the transmission and solution times. The delay of 
the DCDP method is shown in Fig. 13, and the delay of the ECDP method is shown in Fig. 14. 
Fig. 14 illustrates that the delay of the ECDP method remains unchanged and less than 500ms 
with an increasing number of users. 
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Fig. 13. Delay of the DCDP algorithm                 Fig. 14. Delay of the ECDP algorithm 

 
Consequently, the ECDP method is better than the DCDP method in terms of delay. 

Moreover, the difference between the two methods will be greater with an increasing number 
of users. The ECDP method can efficiently solve a large number of positioning requests and 
responses. 

5. Conclusion 
This paper improves upon a general differential positioning method DCDP that uses a data 
center to process differential data. This process causes delay and bandwidth waste. Thus, this 
paper proposes an ECDP method to offload data center pressure with edge computing, which 
employs the closest reference station to the mobile receiver. In addition, simulation results 
demonstrate the ECDP method has low delay and guaranteed accuracy. The results provide 
insights for improving response times. 

In future research, the positioning accuracy of the ECDP method will be improved. 
Accurate positioning results with a more rapid response will be achieved. 
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