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Abstract 

Time difference of arrival (TDOA) based trilateration method is widely used in satellite-based positioning. The signal which is 

transmitted from satellite towards the user terminal are attenuated while traveling. The measurement is affected in multipath 

non-line-of-sight (NLOS) scenarios. Positioning data are time correlated so temporal relation-based modeling is helpful to make 

an error model. In this paper, we have proposed a deep learning model with long short-term memory (LSTM) layer with a fully 

connected layer to model the position error. The LSTM layers can find out the temporal correlation whether the fully connected 

layers correlated to the output. To avoid overfitting a drop out layer can be used. 

I. Introduction 

Nowadays satellite based positioning system is mostly 

utilized because it provides positioning in global reference 

frame. Global positioning system (GPS), Galileo, and 

GLONASS in Global navigation satellite system (GNSS) 

are used for providing service globally [1]. Whereas 

BeiDou, NavIC, and Quasi-Zenith satellite System (QZSS) 

are used for regional coverage. Due to the long orbital 

altitude of GNSS satellites from the earth surface the signal 

strength is very low. Moreover, the signal is also attenuated 

by nature and buildings. The relative geometric between 

user and satellite also affects the signal quality. All these 

are causes of degradation of satellite signals which results 

positioning error. 

The GPS measurements are integrated with inertial 

measurements unit (IMU) and vision sensors for reducing 

the error [2]. Several research works focus on minimizing 

the positioning error using 𝐶 𝑁𝑜⁄ , geometric dilution of 

precision (GDOP), elevation angle [3-5]. Bayes estimators 

in Kalman filter and particle filter are used to eliminate the 

degradation of satellite signals in the GNSS receivers. 

However, these solutions are constrained by assumptions. 

Some works follow 3-D models to filter out the loss of 

signal in multipath and NLOS. The accuracy of using 3-D 

models depends on the accurate modeling.  

II. System Model 

Positioning errors occur in pseudorange due to non-line-of-

sight (NLOS) and multipath propagation of signal. There 

are mostly three ways to reduce positioning error: signal 

processing, antenna design and modelling in the 

measurement domain. Compared to all the methods, we 

have followed the measurement domain modelling since it 

does not add additional cost and can improve the accuracy 

using the existing hardware. The carrier-to-noise ratio 

(𝐶 𝑁𝑜⁄ ) is an important indicator for the detection of line of 

sight (LOS) and non-LOS signals. Other than, 𝐶 𝑁𝑜⁄ , 

satellite elevation angle, pseudorange residuals can also 

indicate the quality of pseudorange measurements. We 

have proposed a LSTM based deep learning model to 

mitigate the positioning error. Fig. 1. shows the system 

model. 

 

Fig. 1. Deep learning based positioning system model.  

III. Proposed Method 

Position error of satellite-based location systems are time 

correlated. The position error at time epoch 𝑡𝑖+1 can also 

influence to the position error at epoch 𝑡𝑖 . LSTM-based 

model is used because it can handle short-term and long-

term sequences in pattern. The vanishing and exploding of 

gradients are avoided in LSTM using the forget method. A 

deep learning model with LSTM layer and a fully 

connected layer can be applied to model the position error. 

The LSTM layers used to extract the temporal correlation 

whereas the fully connected layers correlated to the output. 

To avoid overfitting a drop out layer can be used. Fig. 2 

shows the LSTM based proposed method for positioning. 
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Fig. 2. LSTM based proposed method for positioning. 

The cell in LSTM can be defined as 

𝑓𝑡 = 𝜎̃𝑓(𝑥̃𝑡𝑊̃𝑥𝑓 + ℎ̃𝑡−1𝑊̃ℎ𝑓 + 𝑏̃𝑓), 

𝑜̃𝑡 = 𝜎̃𝑐(𝑥̃𝑡𝑊̃𝑥𝑜 + ℎ̃𝑡−1𝑊̃ℎ𝑜 + 𝑏̃𝑜), 

𝑐̃𝑡 = 𝑓𝑡 ⋅ 𝑐̃𝑡−1 + 𝑖𝑡

~ ⋅ 𝜎̃𝑐(𝑥̃𝑡𝑊̃𝑥𝑐 + ℎ̃𝑡−1𝑊̃ℎ𝑐 + 𝑏̃𝑐), 

ℎ̃𝑡 = 𝑜̃𝑡 ⋅ 𝜎̃𝑐(𝑐̃𝑡)                                    (1) 

where 𝑖𝑡

~ , 𝑓𝑡 , and 𝑜̃𝑡  are the states of the three gates, 𝑐̃𝑡 

denotes the cell input state, ℎ̃𝑡 , 𝑥̃𝑡, and ℎ̃𝑡−1 are the inputs, 

 𝜎  denotes the activation function,𝑊̃𝑥𝑓 , 𝑊̃𝑥𝑖 , 𝑊̃𝑥𝑜  and 𝑊̃𝑥𝑐 

denotes the respective weight vector between 𝑥̃𝑡 to all gates 

and cell input, 𝑊̃ℎ𝑖, 𝑊̃ℎ𝑓 , 𝑊̃ℎ𝑜  and 𝑊̃ℎ𝑐  denotes the 

respective weight vector between ℎ̃𝑡−1 to all gates and cell 

input, 𝑏̃𝑖 , 𝑏̃𝑓 , 𝑏̃𝑜 and 𝑏̃𝑐 denote the biases of the all the gates 

and cell input. 

IV. Conclusion 

GNSS code phase position uses pseudo-range for 

determining receiver position where pseudo-range is affected 

by multipath and NLOS signal propagation. Satellite 

elevation angle, 𝐶 𝑁𝑜⁄ , pseudo-range residual can be used for 

mapping pseudo-range error correction. Since position error 

of satellite-based location are time correlated, temporal 

correlation-based model such as LSTM can be used to model 

the positioning error effectively. 

ACKNOWLEDGEMENT 

This work was supported in part by the National Research 

Foundation of Korea (NRF) grants 

(No.2021R1A4A1030775, No.2022R1A2C4002065) and 

in part by the Institute of Information & communications 

Technology Planning & Evaluation (IITP) grants (No. 

2018-0-01424). 

REFERENCES 

[1] M. H. Kabir, S. Lee, and W. Shin “Performance evaluation 
of GNSS positioning with Geometric Dilution of Precision,” 
in Proc. 13th Int. Conf. on Information and Communication 
Technology Convergence (ICTC), 2022. 

[2] A. Soloviev, C. Toth, and D. Grejner-Brzezinska, 
“Performance of deeply integrated GPS/INS in dense 
forestry areas,” J. Appl. Geodesy, vol. 6, no.1. pp.3-13, 2012. 

[3] R. Yozevitch, B. B. Moshe, and A. Weissman, “A robust 
GNSS LOS/NLOS signal classifier,” Navigation, vol.63, 
no.4, pp.429-442, 2016. 

[4] R. Sun, G. Wang, Q. Cheng, L. Fu, K. Chaing, and L. Hsu, 
“Improving GPS Code phase positioning accuracy in urban 
environments using machine learning,” IEEE Internet of 
Things, vol. 8, no. 8, 2021. 

[5] T. Lan, A. Dodinoiu, A. Geffert, and U. Becker, “Machine-
learning-based position error estimation for satellite-based 
localization systems, ” in Proc. ETTC2020, pp.89-97, 2020. 

 

 
 

2023년도 한국통신학회 동계종합학술발표회

1403




