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Abstract  7 

Precise Total Electron Content (TEC) are required to produce accurate spatial and temporal resolution of Global Ionosphere 8 

Maps (GIMs). Receivers and Satellites Differential Code Biases (DCBs) are one of the main error sources in estimating precise 9 

TEC from Global Positioning Systems (GPS) data. Recently, researchers are interested in developing models and algorithms 10 

to compute DCBs of receivers and satellites close to those computed from the Ionosphere Associated Analysis Centers 11 

(IAAC). Here we introduce a MATLAB code called Multi Station DCB Estimation (MSDCBE) to calculate satellites and 12 

receivers DCBs from GPS data. MSDCBE based on spherical harmonic function and geometry free combination of GPS 13 

carrier phase and pseudo-range code observations and weighted least square were applied to solve observation equations, to 14 

improve estimation of DCBs values. There are many factors affecting estimated value of DCBs. The first one is the 15 

observations weighting function which depending on the satellite elevation angle. The second factor concerned with estimating 16 

DCBs using single GPS Station used by Zero Difference DCB Estimation (ZDDCBE) code or using GPS network used by 17 

MSDCBE code. The third factor is the number of GPS receivers in the network. Results from MSDCBE were evaluated and 18 

compared with data from IAAC and other codes like M_DCB and ZDDCBE. The results of weighted (MSDCBE) least square 19 

shows an improvement for estimated DCBs, where mean differences from Center for Orbit Determination in Europe (CODE) 20 

(University of Bern, Switzerland) less than 0.746 ns. DCBs estimated from GPS network shows a good agreement with IAAC 21 

than DCBs estimated from PPP where the mean differences are less than 0.1477 ns and 1.1866 ns, respectively. The mean 22 

differences of computed DCBs improved by increasing number of GPS stations in the network. 23 

Keywords: DCBs, Multi station, elevation angle, number of stations. 24 

1. Introduction  25 

TEC is an important parameter in the study of ionospheric dynamics, structures, and variabilities. The ionosphere is a dispersive 26 

medium for space geodetic techniques operating in the microwave band (Böhm, and Schuh, 2013) that allows calculation of 27 

TEC using GPS dual-frequency radio transmissions. The global availability of GPS has made it a valuable tool for sensing the 28 

Earth’ the regional and global ionosphere estimation (Hernández-Pajares et al. 1999; Komjathy et al. 2005; Li et al. 2015; Liu 29 

and Gao 2004; Mannucci et al. 1993). Unfortunately, GPS-derived TEC measurements are adversely affected by an inherent 30 

interfrequency bias within the receiver and satellite hardware, typically referred to as the DCBs. Careful estimation of the 31 

DCBs is required to obtain accurate TEC, which is used in several applications, such as in several ionospheric prediction 32 

models, and in the correction of GPS positioning measurements (McCaffrey et al., 2017).  A number of methods have been 33 

proposed for the estimation of GPS receiver DCBs, each with varying requirements and limitations including making 34 

assumptions about the ionospheric structure; the use of internal calibration (Arikan et al., 2008; Themens et al., 2013,2015); 35 

or the use of a reference instrument or model. Estimating DCBs for receivers and satellites from GPS observations depending 36 

on two approaches, the relative and absolute methods. The relative method utilizes a GPS network, while the absolute method 37 

determines DCBs from a single station (Sedeek et al., 2017). In the current study, we applied relative method to calculate 38 

DCBs of satellites and GPS receivers.  39 

There has also been growing interest in measuring the accuracy of these methods, and how different factors, e.g. ionospheric 40 

activity, plays a role in these methods (McCaffrey et al., 2017).  Nowadays, reliable GIMs and accurate DCBs of satellites and 41 

The International GNSS Service (IGS) stations can be obtained from IAAC like CODE (Schaer,1999), European Space 42 

Agency (ESA, Germany) (Feltens and Schaer, 1998), Jet Propulsion Laboratory (JPL, USA) (Mannucci et al., 1998), and UPC 43 

(Technical University of Catalonia, Spain) (Hernández-Pajaresetal.,1999; Orús et al.,2005). However, the availability of IAAC 44 

DCB receivers’ values, it is only available for IGS stations. Furthermore, some of IGS ground receiver DCB estimates are not 45 

available from all analysis centers. Also, some regions don’t have any IGS ground stations like our country Egypt, which mean 46 

the TEC values over them would be interpolated from nearest calculated values. As TEC values depended on DCB values it 47 

is required a mathematical model to calculate DCBs from GPS data. 48 

 49 

In this study we introduce a mathematical model estimating satellites & receiver DCBs for a GPS network based on Spherical 50 

Harmonic Function (SHF) written under MATLAB environment, the developed mathematical model uses geometry free 51 

combination of pseudo-range observables (P-code). Weighted Least Square was used to consider variation of satellites 52 

elevation angle. The code was evaluated and compared with other researchers’ codes in section “Results and analysis”. In the 53 

“Conclusion” section we summarize the overall paper results. 54 

2. GPS Observation Model   55 

For a GPS satellite, the pseudorange and carrier phase observations between a receiver and a satellite can be expressed as (Jin 56 

et al., 2008; Leandro, 2009; Leick et al., 2015; Zhang et al., 2018): 57 

𝑃𝑟,𝑗
𝑠 (𝑖) = 𝜌𝑟

𝑠(𝑖) + 𝑐(𝑑𝑡𝑟 − dt𝑠) + 𝑇𝑟
𝑠 + 𝐼𝑟,𝑗,𝑃

𝑠 + 𝐷𝐶𝐵𝑟
𝑃 − DCB𝑠

𝑃 + 𝑀𝑗 + 𝐸𝑗                                                              (1) 58 
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𝛷𝑟,𝑗
𝑠 (𝑖) = 𝜌𝑟

𝑠(𝑖) + 𝑐(𝑑𝑡𝑟 − dt𝑠) + 𝑇𝑟
𝑠 − 𝐼𝑟,𝑗,𝛷

𝑠 + 𝜆𝑗𝑁𝑗 + 𝑝𝑏𝑟,𝑗 − pbs,𝑗 + 𝐷𝐶𝐵𝑟
𝛷 − DCB𝑠

𝛷 + 𝑚𝑗 + 𝑒𝑗                  (2) 59 

With r, s, j and i the receiver, satellite, frequency and epoch indices, and where: 60 

𝑷𝒓,𝒋
𝒔 (𝒊)                    Pseudo-range measurements, in meter,  61 

𝜱𝒓,𝒋
𝒔 (𝒊)                   carrier-phase measurements, in meter,  62 

𝝆𝒓
𝒔(𝒊)                      the geometric distance between satellite and receiver antennas, in meters,  63 

c                             the speed of light, in meters per second,  64 

𝒅𝒕𝒓 and dt𝒔            receiver and satellite clock errors, respectively, in seconds,  65 

𝑻𝒓
𝒔                          the neutral troposphere delay, in meters, 66 

𝑰𝒓,𝒋,𝑷
𝒔  and 𝐈𝐫,𝐣,𝜱

𝐬         the ionosphere delay of pseudo range and carrier phase observations, in meters,  67 

𝑵𝒋                           carrier-phase integer ambiguities, in cycles, 68 

𝝀𝒋                           carrier-phase wave length, in meters, 69 

𝐃𝐂𝐁𝐫,
𝐩

 𝐚𝐧𝐝 𝐃𝐂𝐁𝐬
𝐩

    receiver and satellite pseudo-range hardware delays, respectively in metric units, 70 

𝐃𝐂𝐁𝐫
𝚽 𝐚𝐧𝐝 𝐃𝐂𝐁𝐬

𝚽  receiver and satellite carrier-phase hardware delays, respectively, in metric units,  71 

Mj                          Pseudo-range multipath on, in meters,  72 

Ej                           Other un-modeled errors of pseudo-range measurements, in meters,  73 

pbr,i and pbs,i        receiver and satellite carrier-phase initial phase bias, respectively, in metric units, 74 

 mj                         carrier-phase multipath, in meters and 75 

 ej                          Other un-modeled errors of carrier-phase measurements, in meters.  76 

Here, we consider a measurement scenario that one GPS receiver tracks dual frequency code and phase data from a total of m 77 

satellites over t epochs, thereby implying r = 1, s = 1, ….. m, j = 1, 2 and i = 1, ….., t. 78 

Firstly, the code read the Rinex files and extract the pseudo range and carrier phase observations which are the range distances 79 

between the receivers and satellites measured using L1and L2 frequencies. The “geometry-free” linear combination of GPS 80 

observations is used to derive the observable. The geometric range, clock-offsets and tropospheric delay are frequency 81 

independent and can be eliminated using this combination. The “geometry-free” linear combinations for pseudo range and 82 

carrier phase observations are given as (Al-Fanek 2013): 83 

P4= 𝑃𝑟,1
𝑠 (𝑖)- 𝑃𝑟,2

𝑠 (𝑖)= 𝐼𝑟,1,𝑝
𝑠

 ‾‾ 𝐼𝑟,2,𝑝
𝑠

 +𝐷𝐶𝐵𝑟
𝑝

+ 𝐷𝐶𝐵𝑠
𝑝

+ 𝐸12                                                                                                             (3) 84 

Φ4= 𝛷𝑟,1
𝑠 (𝑖)- 𝛷𝑟,2

𝑠 (𝑖)=𝐼𝑟,2,𝛷
𝑠

 –𝐼𝑟,1,𝛷
𝑠

 +𝜆1𝑁1 − 𝜆2𝑁2 + 𝐷𝐶𝐵𝑟
Φ + 𝐷𝐶𝐵𝑠

Φ + 𝑒12                                                                               (4) 85 

𝐸12 = √(𝐸1)2 + (𝐸2)2       is the combination of multipath and measurement noise on 𝑃𝑟,1
𝑠 (𝑖) and 𝑃𝑟,2

𝑠 (𝑖) (m), and 86 

𝑒12 = √(𝑒1)2 + (𝑒2)2       is the combination of multipath and measurement noise on 𝛷𝑟,1
𝑠 (𝑖) and 𝛷𝑟,2

𝑠 (𝑖) (m). 87 

To reduce the multipath and noise level in the pseudo range observables, the carrier phase measurements are used to compute 88 

a more precise relative smoothed range. Although the carrier-phase observables are more precise than the code derived, they 89 

are ambiguous due to the presence of integer phase ambiguities in the carrier phase measurements. To take advantage of the 90 

low-noise carrier phase derived and unambiguous nature of the pseudo range, both measurements are combined to collect the 91 

best of both observations. 92 

Smoothed P4,sm observations can be expressed as follows (Jin et al. 2012): 93 

𝑃4,𝑠𝑚 = 𝜔𝑡𝑃4(𝑡) + (1 − 𝜔𝑡)𝑃4,𝑝𝑟𝑑(𝑡)      (t >1)                                                                                              (5) 94 

where t stands for the epoch number, 𝜔𝑡 is the weight factor related with epoch t, and     95 

𝑃4,𝑝𝑟𝑑(𝑡) = 𝑃4,𝑠𝑚 (𝑡 − 1) + [𝐿4(𝑡) − 𝐿4(𝑡 − 1)]         (t >1)                                                                          (6) 96 

when t is equal to 1, which means the first epoch of one observation arc, P4,sm is equal to P4. 97 

 98 

3. Spherical Harmonic Model  99 

To determine the receiver DCB, there are two different methods. The first one is to calibrate the receiver device and obtain the 100 

DCB directly. This method calculates the DCB of the receiver device ignoring that from the antenna cabling used during 101 

observation (Hansen, 2002). The second method calculates the receiver DCB as a part of GPS signal time delay which is 102 

independent on type of antenna. MSDCBE code works as the second methods (figure1). 103 

The ionosphere delay can be expressed as follows (Abid et al. 2016): 104 

𝑑𝑖𝑜𝑛 =
40.3

𝑓2 𝑆𝑇𝐸𝐶                                                                                                                                            (7) 105 

Where f stands for the frequency of the carrier and Slant Total Electron Content (STEC) is the total electron content along the 106 

path of the signal. The observation equation can be formed by Substituting (7) into (3), and replacing P4 by 107 

smoothed P4,sm, we get (Abid et al. 2016): 108 

𝑃4,𝑠𝑚 = 40.3(
1

𝑓1
2 −

1

𝑓2
2)𝑆𝑇𝐸𝐶 + 𝑐 ∗ 𝐷𝐶𝐵𝑟 + 𝑐 ∗ 𝐷𝐶𝐵𝑠                                                                                  (8) 109 

Where: c is the speed of light and 𝐷𝐶𝐵𝑟  and 𝐷𝐶𝐵𝑠 are differential code bias for receiver and satellites in seconds. 110 
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STEC can be translated into Vertical Total Electron Content (VTEC) using the modified single-layer model (MSLM) (Haines 111 

1985, Jin et al. 2012): 112 

VTEC = MF(z)STEC                                                                                                                                 (9) 113 

MF=cos(𝑎𝑟𝑐𝑠𝑖𝑛 (
𝑅

𝑅+𝐻
𝑠𝑖𝑛(𝛼𝑧))                                                                                                               (10) 114 

Where:  115 

MF     is the mapping function, 116 

z         is the satellite elevation angle, 117 

R        is the radius of the Earth=6371 km and 118 

H        is the attitude of the ionosphere thin shell (assumed as used by CODE=506.7 km), 𝛼=0.9782 (Jin et al. 2012). 119 

To estimate the satellite and receiver HDs, the current study applies a model based on spherical harmonic function to calculate 120 

them using zero-difference observations. The used model is expressed as follows (Schaer 1999, Li et al. 2015, Elghazouly et 121 

al, 2019): 122 

VTEC(β,s)= ∑ ∑ 𝑃𝑛
𝑚(𝑠𝑖𝑛(𝛽))(𝐴𝑛

𝑚𝑐𝑜𝑠(𝑚𝜆) + 𝐵𝑛
𝑚𝑠𝑖𝑛(𝑚𝜆))𝑛

𝑚=0
𝑁
𝑛=0                                                      (11) 123 

Where: 124 

 β   is the geocentric latitude of IPPs (Ionosphere Peirce Point), 125 

 s    is the solar fixed longitude of IPPs,  126 

N   is the degree of the spherical function, 127 

M   is the order of spherical harmonic function; fourth order is used. 128 

Pmn is regularization Legendre series and 129 

Amn and Bmn are the estimated spherical harmonics coefficients. 130 

By substituting eq (8), eq (10) and eq (11) into eq (9) we get: 131 

∑ ∑ 𝑃𝑛
𝑚(𝑠𝑖𝑛(𝛽))(𝐴𝑛

𝑚𝑐𝑜𝑠(𝑚𝜆) + 𝐵𝑛
𝑚𝑠𝑖𝑛(𝑚𝜆))

𝑛

𝑚=0

𝑁

𝑛=0

 132 

= cos(𝑎𝑟𝑐𝑠𝑖𝑛 (
𝑅

𝑅+𝐻
𝑠𝑖𝑛(𝛼𝑧)) [−

𝑓1
2𝑓2

2

40.3(𝑓1
2−𝑓2

2)
(𝑃4,𝑠𝑚  −  𝑐 ∗ 𝐷𝐶𝐵𝑟  −  𝑐 ∗ 𝐷𝐶𝐵𝑠)]                                  (12) 133 

Only one GPS station has more than 20,000 observations per a day. When applying equation (12) using stations observation 134 

data, there are number of equations much more than the number of unknown coefficients. These coefficients were determined 135 

using weighted least square method. general form of weighted least square function can be expressed as (Ghilani and Wolf, 136 

2012): 137 

X=(ATPA)-1ATPL                                                                                                                                   (13) 138 

Where: 139 

X           is the unknown parameters vector namely, 𝐴𝑛
𝑚, 𝐵𝑛

𝑚, 𝐷𝐶𝐵𝑟   𝑎𝑛𝑑  𝐷𝐶𝐵𝑠 ,             140 

A           is the coefficient (design) matrix (coefficients of 𝐴𝑛
𝑚, 𝐵𝑛

𝑚, 𝐷𝐶𝐵𝑟   𝑎𝑛𝑑  𝐷𝐶𝐵𝑠), 141 

L            is the observation vector (values of 𝑃4,𝑠𝑚 ) and 142 

P            is the weight matrix.  143 

As known, the quality of observations is affected by satellite elevation angle, each observation has a weight value depend on 144 

its satellite elevation angle. The weight value can be computed from the following equations (14, 15 and 16) (Luo X., 2013): 145 

𝑤 =
𝜎0

2

𝜎2                                                                                                                                                  (14) 146 

𝜎2 = [0.05 +
0.02

𝑠𝑖𝑛(𝑧)2]
2

                                                                                                                          (15) 147 

𝜎0
2 = (𝑓 + 𝑑)2                                                                                                                                      (16) 148 

Where: 149 

f & d      are two constants equal to 5 and 2 cm, respectively (Ray and Griffiths 2008). 150 
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Figure 1 Flow chart shows how the code works   151 

1. Mathematical Model Evaluation  152 

The MSDCBE software was written in MATLAB (version 2016a). The first input is GPS observations in Receiver Independent 153 

Exchange (RINEX) format according to the selected stations (figure 2) downloaded from (ftp://garner.ucsd.edu/rinex) and 154 

precise ephemerides (SP3) files of test days downloaded from (http://www.GPScalendar.com/index.html?year=2010). In 155 

addition, IONosphere Map EXchange Format (IONEX) files of IGS, CODE and JPL are downloaded - as a threshold values - 156 

from (ftp://cddis.gsfc.nasa.gov/GPS/products/ionex/).  157 

In the present contribution, to evaluate the performance of the developed model, numerical case-studies were performed. The 158 

main goals of the numerical case-studies are to investigate three issues: 159 

First issue is to investigate the effect of applying weighted least square instead of least square on satellites and GPS receiver 160 

DCBs, and this is done by comparing results from MSDCBE which applying weighted least square with the published results 161 

of M_DCB by Jin et al. (2012), and with those of IAAC.  162 

BOGO, BRUS, GOPE, GRAS, ONSA, POTS, PTBB, SOFI and WTZA IGS Stations data from 1 to 31 January 2010 were 163 

applied as it was the same network used by Jin et al. (2012). 164 

Second issue is to investigate the correlation between size (number of receivers) of the GPS network and estimated DCBs for 165 

satellite and GPS receiver, and this is done by comparing DCB values of three stations namely, GOPE, GRAS and ONSA 166 

estimated from a network consists of 3 GPS receiver and a network consists of 9 GPS receiver. 167 

This study was applied using IGS Stations data from 1 to 5 January 2010 of six stations namely, BOGO, BRUS, GOPE, GRAS, 168 

ONSA, POTS, PTBB, SOFI and WTZA. 169 

Third issue is to investigate the congruence of DCBs estimated from absolute and relative methods with other IAAC, and this 170 

is done by comparing results from MSDCBE with the published results of ZDDCBE by Sedeek et al. (2017). 171 

This study was applied using data from 1 to 5 January 2010 of six stations namely, GOPE, GRAS, ONSA, MADR, PTBB, 172 

and SOFI which was the same network used by Jin et al. (2012) and Sedeek et al. (2017). 173 

 174 

Solution 
Observations 
Smoothing 

Satellites Elevation 
Angle 

Weight Matrix 

Smoothed P4 Observation Matrix Least Squares 

DCB of Satellites 
and Receivers 

Read Read 

Satellites Ephemerids 
Files 

Stations Rinex Files 

Receivers 

Observations 

P1, P2, L1 and L2 
Observations 

Satellite Ephemerids 
Files 
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 175 
Figure 2 IGS Stations locations 176 

Comparison of multi-station test results from MSDCBE and M_DCB 177 

The first evaluation made by this paper is the evaluation of weight function. MSDCBE used a weight function depending on 178 

the satellite elevation angle as mentioned before. Table 1 shows the differences and RMS between satellites and receivers 179 

estimated from 1 to 31 January 2010 using multiple GPS stations of both MSDCBE (weighted) and M_DCB (unweighted).  180 

Table 1 the differences and RMS between satellites and receivers estimated from 1 to 31 January 2010 using multiple GPS 181 

stations (MSDCBE and M_DCB minus CODE). 182 

satellite 
MSDCBE M_DCB 

satellite 
MSDCBE M_DCB 

differences(ns) RMS differences(ns) RMS differences(ns) RMS differences(ns) RMS 

G1 0.228 0.250 0.746 0.251 G17 0.087 0.125 0.038 0.138 

G2 0.121 0.091 -0.073 0.087 G18 -0.136 0.113 -0.044 0.100 

G3 0.004 0.078 0.194 0.066 G19 0.236 0.095 0.381 0.066 

G4 0.169 0.092 0.003 0.123 G20 0.096 0.096 0.004 0.073 

G5 -0.082 0.106 -0.236 0.111 G21 -0.208 0.109 -0.121 0.088 

G6 -0.059 0.066 0.169 0.061 G22 -0.188 0.091 0.050 0.109 

G7 -0.015 0.084 -0.233 0.085 G23 0.210 0.082 0.052 0.053 

G8 -0.094 0.085 -0.271 0.085 G24 -0.168 0.086 -0.221 0.076 

G9 0.011 0.074 0.038 0.088 G25 -0.091 0.122 -0.220 0.085 

G10 -0.068 0.088 -0.343 0.095 G26 -0.302 0.089 -0.020 0.092 

G11 0.211 0.090 0.202 0.063 G27 0.078 0.062 0.060 0.088 

G12 0.029 0.059 0.049 0.051 G28 -0.177 0.080 -0.340 0.107 

G13 0.296 0.080 0.140 0.062 G29 -0.195 0.128 -0.277 0.091 

G14 -0.058 0.124 0.150 0.126 G30 0.057 0.077 0.020 0.074 

G15 -0.055 0.101 -0.164 0.117 G31 0.018 0.099 0.057 0.138 

G16 -0.057 0.069 0.096 0.084 G32 0.102 0.070 0.115 0.077 

BOGO 0.139 0.077 0.065 0.080 POTS 0.120 0.073 0.237 0.094 

BRUS 0.121 0.120 0.309 0.111 PTBB 0.083 0.082 0.201 0.095 

GOPE 0.150 0.069 0.142 0.068 SOFI -0.045 0.119 0.081 0.113 

GRAS 0.085 0.125 0.370 0.131 WTZA 0.137 0.078 0.270 0.083 

ONSA 0.140 0.093 0.178 0.103      

From the table one can see that the differences of MSDCBE estimated satellites DCBs are less than 0.302 ns and the RMS of 183 

all satellites DCBs differences are less than 0.128 except G1 whose RMS = 0.250. The maximum difference of MSDCBE 184 

estimated receivers DCBs is 0.150 ns of receiver GOPE and the minimum is 0.045 ns of receiver SOFI (Figure 3). The 185 

maximum RMS of MSDCBE estimated receivers DCBs is 0.125. On the other side, M_DCB results show that Receiver DCB 186 
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biases are slightly larger than those for satellites, but most of them are less than 0.4 ns except G1 whose DCB bias reaches 187 

0.746 ns. The RMS of all differences is lower than 0.3 ns (Jin et al. 2012). Figure 4 shows the mean differences between 188 

receiver DCB values estimated by MSDCBE and those released by CODE, IGS, and JPL combined from 1-31 Jan 2010. The 189 

figure shows that the results of MSDCBE are mostly close to those of CODE than IGS and JPL. By comparing the figure 4 190 

with the corresponding chart published by Jin et al. (2012), it is clearly appeared that all differences between MSDCBE 191 

receivers’ DCBs results and between CODE, IGS and JPL are less than those from M_DCB except station GOPE almost equal. 192 

 193 

Figure 3 Mean difference between the receiver DCB values of CODE and the computed values by each of MSDCBE and 194 

M_DCB estimated from (1-31) Jan 2010. 195 

 196 

 197 

Figure 4 Mean differences between receiver DCB values estimated by MSDCBE and those released by CODE, JPL, and IGS 198 

combined from 1-31 Jan 2010. 199 

Effect of network size factor on DCB estimation 200 

By using multi station DCBs estimation, the number of stations used will appear as a factor  influences DCBs estimation. This 201 

test was done by comparing DCBs computed by MSDCBE of a network of three receivers namely GOPE, GRAS, ONSA and 202 

DCBs of the same receivers but this time as a part of a network of nine receivers namely BOGO, BRUS, GOPE, GRAS, 203 

ONSA, PTBB, SOFI and WTZA. Figure 5 shows these results which demonstrate that using nine receivers gives more accurate 204 

DCBs. Also, the satellites DCBs differences (figure 6) almost improved but not like receivers DCBs, because satellites DCBs 205 

are small values compared with those of receivers.   206 
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 207 

Figure 5 Mean difference between the receiver DCB values of IGS and the computed values by MSDCBE estimated from 208 

(1-5) Jan 2010. 209 

 210 

Figure 6 Mean difference between the satellites DCB values of IGS and the computed values by MSDCBE estimated from 211 

(1-5) Jan 2010 212 

Comparison of multi-station from MSDCBE and single station from ZDDCBE and M_DCB test results 213 

In this section the performance of multi station network against single station DCB estimation will be evaluated. Table 2 shows 214 

the mean deference between the receiver DCB values computed by IGS and the computed values by each of M_DCB, 215 

ZDDCBE and MSDCBE estimated from 1-5 Jan 2010. Figure 7 shows these results graphically and figure 8 shows the mean 216 

differences computed from  M_DCB, ZDDCBE and MSDCBE for GPS satellites. The results show a significant difference 217 

between multi station network against single station DCB estimation. The maximum difference between receiver DCB 218 

estimation using IGS and MSDCBE is 0.1477 ns of MADR station, but it is 1.1866 ns and 0.7982 ns for M_DCB and ZDDCBE 219 

respectively. 220 

Table 2 Mean deference between the receiver DCB values computed by IGS and the computed values by using single 221 

station M_DCB, ZDDCBE and multi-station MSDCBE estimated from 1-5 Jan 2010. 222 

DCB diff. (ns) Model IGS St. DCB diff. (ns) Model IGS St. 

1.1866 M_DCB ONSA 0.3847 M_DCB GOPE 

0.7982 ZDDCBE  0.1724 ZDDCBE  

-0.0310 MSDCBE  0.004 MSDCBE  

0.6692 M_DCB PTBB 0.3379 M_DCB GRAS 

0.3550 ZDDCBE  0.1466 ZDDCBE  

-0.0578 MSDCBE  0.066 MSDCBE  

0.6916 M_DCB SOFI 0.3078 M_DCB MADR 

0.4650 ZDDCBE  0.3468 ZDDCBE  

-0.0149 MSDCBE  0.1477 MSDCBE  
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 223 

Figure 7 Mean difference between the receiver DCB values of IGS and the computed values by each of M_DCB, ZDDCBE 224 

and MSDCBE estimated from (1-5) Jan 2010 225 

 226 

Figure 8 Mean difference between the satellites DCB values of IGS and the computed values by M_DCB, ZDDCBE and 227 

MSDCBE estimated from (1-5) Jan 2010 228 

Conclusions  229 

The current study proposes a new MATLAB code called MSDCBE able to calculate DCBs of GPS satellites and receivers. 230 

This code was compared with two other codes and evaluated using IAAC data and from all the above, we can conclude that: 231 

1. The estimated DCBs results affected by using weight function according to satellite elevation angle observations. In 232 

addition, results show a good agreement with IGS, CODE and JPL results than using multi station estimation DCB 233 

without weight function. 234 

2. When using multi station DCB estimation, number of input stations influences in DCB results. However, it is 235 

recommended to enlarge the size of used network, but it needs high computer requirements and much more analysis 236 

time (only one station have more than 20,000 observation per a day). 237 

3. The most effective factor in DCBs estimation is using multi station network instead of single station that appeared 238 

from results which improved from 1.1866 ns and 0.7982 ns maximum DCB mean differences for M_DCB and 239 

ZDDCBE single station analysis to 0.1477 ns for MSDCBE. So, using multi station network DCB estimation- if 240 

available- is strongly recommended. 241 
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