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 اٌٍّخـ اٌؼشتٝ ? 

تٕا ٚاٌرٟ ذؾًّ اٌّغاؼح ٚسعُ ؽ١طح فٟ ِخرٍف اٌّعاالخ اٌِّىْٛ أعاعٟ إْ ٔظاَ ذؽذ٠ذ اٌّٛالغ اٌؼاٌّٟ أفثػ 

ؼغاب صِٓ إٔرماي اإلؽاساخ  ٠ؼرّذ إٌظاَ اٌؼاٌّٟ ٌرؽذ٠ذ اٌّٛالغ ػٍٝ .اٌخشائو ٚاٌّالؼح ٚغ١ش٘ا ِٓ اٌرطث١ماخ اٌٙاِح

ِٓ اٌمّش اٌقٕاػٟ إٌٝ أظٙضج األعرمثاي، ٌٚىٓ أشٕاء إٔرماي ٘زٖ اإلؽاسج ذرؼشك ٌٍؼذ٠ذ ِٓ اٌؼٛاسك اٌرٟ ذرغثة فٟ 

فٌٛٙا ألظٙضج اإلعرمثاي ِّا ٠غثة ص٠ادج فٟ صِٓ إٔرماي اإلؽاسج ِّا ٠غثة أخطاء فٟ ذؽذ٠ذ اٌّٛالغ. ٚذؼرثش ذؤخ١ش ٚ

فٕر١عح إٔرماي اإلؽاسج خالي  هثمح اٌغالف اٌعٛٞ ِٓ أوصش ٘زٖ اٌؼٛاسك ذؤش١شا  ػٍٝ أسفاد ٔظاَ ذؽذ٠ذ اٌّٛالغ اٌؼاٌّٟ،

ذؤخ١ش. ٘زا اٌرؤخ١ش ٠ؼرثش ِٓ أوثش ِقادس أخطاء ٔظاَ ذؽذ٠ذ  ؽذز ٌٙاهثمح اٌرشٚتٛعف١ش لثً ٚفٌٛٙا ٌعٙاص اإلعرمثاي ٠

اٌّٛالغ اٌؼاٌّٟ. ٌٚزا أ ظش٠د اٌؼذ٠ذ ِٓ اٌذساعاخ ػٍٝ ِذاس األػٛاَ اٌغاتمح ِٓ أظً ذمذ٠ش ل١ّح ٘زا اٌخطؤ. ٚتٕاءا  ػٍٝ 

اٌرؤخ١ش إٌاذط ػٓ هثمح  رٌه فئْ ٘زا اٌثؽس ٠ مذَ ِشاظؼٗ ؽاٍِٗ ٌٍؼذ٠ذ ِٓ اٌطشق اٌرٟ ٠ّىٓ إعرخذاِٙا ٌؽغاب

 اٌرشٚتٛعف١ش.   

Abstract: 

     The use of GPS has become significant in many different applications, including mapping 

and surveying, as well as precise time determination, and ship navigation. It depends on an 

accurate measurement of the signal travel time, which is required to determine the distance 

between the satellite and the receiver. The accuracy of GPS positioning is lowered as a result 

of many error sources that affect GPS measurements. It is well recognized that atmospheric 

effects are the main source of spatially correlated inaccuracies in GNSS measurements. The 

GPS signals are delayed because they travel through the troposphere before being received by 

the antenna of the GPS receiver. This delay is considered one of the major error sources in 

GPS system. As a result, numerous studies have been carried out throughout the years to 
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calculate this error in GPS measurements. This article provides background on various 

methods that allow researchers and GPS users to calculate the troposphere delay. 

Keywords: GPS; Atmospheric effects; Error sources; Troposphere delay. 

Introduction: 

        According to their physical characteristics and effects on electromagnetic waves, the  

atmosphere is typically divided into various layers. The term spheres refer to the subregions of 

the atmosphere that share a common composition and set of characteristics. Pauses are the 

layers that define the boundaries between the spheres. The troposphere and ionosphere are the 

two spheres that have the biggest impact on satellite signals. The troposphere, which is the 

lowest layer of the atmosphere, is typically thought to exist up to an altitude of 10–12 km 

[Sickle, 2015]. The stratosphere and troposphere are separated by the tropopause. Up to 

around 50 kilometers, there is the stratosphere. The change in the medium's refractive index 

causes an additional delay in the measuring of the signal as it travels from the satellite to the 

receiver when Global Navigation Satellite System (GNSS) signals are transmitted through the 

atmosphere. The atmospheric effect is so strongly linked to GPS and is regarded as one of the 

most notable sources of all inaccuracies in point positioning when utilizing GPS technology. 

[Wolf and Ghilani, 2014].                                                                                                               

The combined refraction in the stratosphere, tropopause, and troposphere is referred to as 

tropospheric delay in the GNSS community. The user's location, the day of the year, and 

climatic elements, such as the temperature, pressure, and humidity, all affect this delay. One 

of the biggest GPS positioning mistakes is brought on by this delay. This mistake can have a 

magnitude in the range of 2 meters [Hoffmann-Wellenhof et al., 2008]. To reflect the 

integrated tropospheric delay, numerous tropospheric models have been developed. Input for 

these models is typically required to include surface meteorological characteristics as 

pressure, temperature, and humidity [Shrestha, 2003]. About 85% of the overall tropospheric 

delay is contributed by the zenith hydrostatic delay [Skone, 2001]. With the assumption of 

hydrostatic equilibrium and the assumption that the zenith hydrostatic delay is a function of 

the surface pressure and, in                                                                                                             

some situations, temperature, zenith hydrostatic delay models can be computed with accuracy 

better than 1% [Wang et al., 2017]. Zenith wet delay models have accuracy ranges between 10 

and 20%, and they account for roughly 15% of the total delay. The wet component is 

dependent on water vapor, which is challenging to simulate because of its great spatial and 

temporal variability [Klos et al., 2018]. This article provides a general overview of various 

methods for calculating the troposphere delay on GPS observations.                                                                                            
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Calculating the effects of the troposphere using numerical weather 

models:                                                                                                             

         In their 2007 paper, Andrei and Chen proposed an algorithm for computing the 

tropospheric delay based on the Numerical Weather Model. The National Centers for 

Environmental Prediction of the US National Oceanic and Atmospheric Administration 

created the Global Data Assimilation System (GDAS) model that was used in the inquiry. A 

conventional tropospheric model is utilized to derive atmospheric parameters from the GDAS 

model, such as pressure, temperature, and relative humidity. This study employs the 

Saastamoinen Model to compute zenith delays and, in conjunction with the Ifadis mapping 

function, to transform zenith delays into slant path delays. The outcomes were contrasted with 

tropospheric delays from the International GNSS Service. 

 

Fig. 1.  The difference in zenith tropospheric delay between the suggested model's output and 

the IGS products at the METS, Finland, IGS station. 

Table 1. Mean, standard deviation and RMS of the difference in (cm) between the proposed 

code's results and those from IGS. 

DOY Min Max Mean Std. RMS 

1, January 0.8 -1.2 -0.6 0.7 0.9 

20, March 1.5 0.8 1.1 0.2 1.2 

15, June 0.2 -4.7 -2.5 1.6 2.9 

25, September -3 -7.3 -5.9 1.3 6 
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According to Fig. 1, the mean difference between zenith total delays calculated using the 

proposed model and IGS products ranges from -5.9 cm (on September 25) to +1.1 cm (March 

20th). Twelve instances in time for the particular day were used to get these results. The 

standard deviations of the gap between the estimated tropospheric delay and IGS also range 

from 0.2 cm to 1.6 cm. As clarified for all four cases, Table 1 shows that the RMSE of the 

difference between the proposed code and the IGS results of the estimated tropospheric delay 

is between 0.9cm and 6. 

Troposphere influence estimation using PPP post-processing softwares: 

Astudillo et al. (2018) provide a comparison analysis of the estimated Zenith Tropospheric 

Delay (ZTD) achieved using the International GNSS Service tropospheric products and six 

Precise Point Positioning (PPP) post-processing softwares. The ZTD produced by IGS was 

compared to the predicted ZTD acquired with APPS, CSRS-PPP, MagicGNSS, POINT, 

RTKLIB, and gLAB. The Root Mean Square Error was used to evaluate the quality of ZTD 

estimates of each software, because it indicates how different the estimated value is from the 

true value. The RMSE of all the differences (ZTD measured from all stations using the same 

software minus IGS tropospheric product) was calculated. Table 2 demonstrates that, in most 

circumstances, the RMSE is equal to or less than 1 cm, the two online services CSRS-PPP and 

MAGIC estimate the ZTD to a value that is closer to the IGS tropospheric product than the 

three other software packages (except the case of January 2017). From the three PPP software 

run locally GLAB is the one that had the lowest RMSE. 

Table 2. RMSE values for each software utilizing all data, expressed in centimeters. 

Day of Year CSRS APPS Magic POINT RTKLIB gLAB 

2
0
1
6
 

27, January 0.78 17.13 1.01 16.23 12.29 3.62 

27, April 0.65 19.45 0.8 9.36 12.51 2.91 

27, July 0.69 15.06 1.00 13.68 9.42 2.40 

27, October 0.7 22.6 0.89 14.97 9.94 3.35 

2
0
1
7
 

27, January 4.77 15.67 4.85 16.75 13.96 3.21 

27, April 0.67 18.64 0.9 9.45 12.14 4.03 

27, July 0.66 17.39 0.78 12.67 8.71 2.74 

27, October 0.56 31.99 0.83 12.9 9.71 5.83 
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In this analysis, three trends were identified. The first was that ZTD estimates from CSRS-

PPP and GLAB were highly similar to those from the IGS Tropospheric product. Furthermore, 

it was discovered that the tropospheric models currently used in POINT and RTKLIB do not 

accurately reflect the meteorological and atmospheric conditions in the equatorial region. 

Since CSRS-PPP and MAGIC's corrections are quite accurate, estimations that are closer to 

the actual value were discovered. Third, it was discovered that the ZTD estimation by PPP 

softwares was not significantly impacted by the change in season. This study suggests that 

CSRS-PPP can provide very accurate predictions for GNSS meteorology or numeric weather 

models, followed by MagicGNSS and gLAB. 

Arief and Gatti (2020) present the open source goGPS software in order to calculate the 

ZTD. This software was applied on the BAKO station in Cibinong and the JOG2 station in 

Yogyakarta. In addition to GIPSY software, the IGS tropospheric products and commercial 

software Bernese version 5 were used to validate the results. Days of the year (DOY) 22–25, 

which represent the wet season in this study, and DOY 230–233, which overlap with August 

17–20 and represent the dry season in 2018, are used as the epochs. The findings demonstrate 

that for Bako and Jog2 stations, the tendency of ZTD value in January is greater than the value 

of ZTD in August, with an average difference of 99,632 mm and 142,602 mm, respectively.  

 

Fig. 2. The minimum, maximum, and average values for the years 2018-22-25 and 2018-18-

21 at BAKO and JOG2 stations. 

As shown in Fig. 2, the ZTD value's condition during January was more stable than it was 

in August, when there was a change in the ZTD value. When compared to January, which was 

rather consistent, the standard deviation in August was higher due to oscillations. The standard 

deviation for BAKO station is 18,025 mm in January and 48,118 mm in August. It was 22,986 

mm at the JOG2 station in January and 42,988 mm in August. This reveals that ZTD is an 
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indicator of conformity to the conditions of the rainy season and dry season since its value is 

higher during the rainy season than it is during the dry season. Hopefully, this phenomenon 

will be more beneficial for meteorological purposes. Results from the two BAKO and JOG2 

stations, which were used to obtain ZTD values in both January and August, were reliable and 

consistent at various times and locations. At both BAKO and JOG2 stations, RMS 

measurements for the whole DOY show small values < 2 mm. As a result, free software like 

goGPS can be used as a substitute for paid software. 

Utilizing Artificial Intelligence to Calculate the Troposphere's Effect:  

Selbesoglu (2020) employed artificial intelligence technology and created a novel neural 

network model, as shown in Fig. 3, to forecast the wet troposphere delay with 10-minute 

intervals utilizing meteorological data from in-situ observations of The New Austrian 

Meteorological Measuring Network. To investigate how the ANN model responds to the 

various meteorological circumstances, predicted zenith wet delay (ZWD) values were 

performed on two reference stations that are part of the Austria GNSS Network of Austria 

during humid (August) and dry (December) seasons. A further investigation into the height 

influence on prediction was conducted using two GNSS stations at various altitudes. By 

comparing the outcomes with values calculated from Global Navigation Satellite System 

observations for validation, the developed neural network model for the zenith wet delay 

prediction based on TAWES meteorological data and EPOSA GNSS data was evaluated.  
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Fig. 3. Artificial neural network model design. 

As shown in Fig. 4, the Root Mean Square Error was used to assess the accuracy of ZWD 

estimations produced by each software, as it shows how far the estimated value deviates from 

the actual value. The standard deviation of prediction between the forecasted ZWD and the 

GNSS ZWD is shown in Table 3 to be between 0.06 and 0.4 cm. Otherwise, the RMSE (Root 

Mean Square Error) ranges from 0.43 to 2.07 cm for the difference between the predicted and 

GNSS ZWD. 
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Fig. 

4. The prediction error of the proposed ANN for SEEF and NEUS GNSS Stations up to 6 

hours of prediction. 

These findings indicate that the newly developed ANN model can deliver accurate ZWD 

predictions and that the accuracy of ZWD prediction by newly created ANN model is 

adequate for weather forecasts. 

Table 3. The standard deviation and RMSE (in cm) for the difference between the anticipated 

ZWD and the GNSS ZWD, up to 6 hours of prediction. 
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1 0.13 1.47 0.11 1.31 

2 0.26 1.8 0.16 1.2 

3 0.22 1.89 0.22 1.17 

4 0.25 1.83 0.18 1.21 

5 0.3 1.77 0.15 1.18 

6 0.32 1.9 0.22 1.31 
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1 0.13 1.05 0.09 0.5 

2 0.17 1.32 0.06 0.48 

3 0..27 1.28 0.08 0.43 

4 0.16 1.65 0.08 0.5 

5 0.28 1.78 0.13 0.65 

6 0.4 2.07 0.15 0.73 
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Conclusions: 

   Due to the troposphere strata in the lower part of Earth's atmosphere, GNSS observations 

are impacted as they travel from satellites to receivers. The troposphere delay, which is the 

result of this action, is one of the main reasons of mistake in GPS point positioning. Thus, the 

topic of troposphere modelling gained popularity among researchers and technologists. A new 

era in the study of the troposphere has begun with the invention of the GPS, which offers 

precise tropospheric information of the GPS signals. Various methods for calculating the 

troposphere delay on GPS measurements are briefly summarized in this article. The results of 

the methodologies presented demonstrate that troposphere delay causes a delay into GPS 

measurements in the range of 2.0 m. Therefore, for all GPS users, the troposphere delay must 

be included in order to acquire precise coordinates. Additionally, the RMSE and standard 

deviation for each result are minimal. In light of this, this article provides a variety of 

additional resources for precisely tracking and calculating the tropospheric delay for GPS 

users. 
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