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ABSTRACT

In this paper, we propose a signal propagation modeling technique for generating a positioning fingerprint DB based on Long

Term Evolution (LTE) signals. When a DB is created based on the location-based signal information collected in an urban

area, gaps in the DB due to uncollected areas occur. The spatial interpolation method for filling the gaps has limitations.

In addition, the existing gap filling technique through signal propagation modeling does not reflect the signal attenuation

characteristics according to directions occurring in urban areas by considering only the signal attenuation characteristics

according to distance. To solve this problem, this paper proposes a Deep Neural Network (DNN)-based signal propagation

functionalization technique that considers distance and direction together. To verify the performance of this technique,

an experiment was conducted in Seocho-gu, Seoul. Based on the acquired signals, signal propagation characteristics were

modeled for each method, and Root Mean Squared Errors (RMSE) was calculated using the verification data to perform

comparative analysis. As a result, it was shown that the proposed technique is improved by about 4.284 dBm compared to the

existing signal propagation model. Through this, it can be confirmed that the DNN-based signal propagation model proposed

in this paper is excellent in performance, and it is expected that the positioning performance will be improved based on the

fingerprint DB generated through it.
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Fig. 1. Conventional fingerprint DB generation method.

2. CONVENTIONAL FINGERPRINT DB
GENERATION METHODS
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Fig. 2. Comparison of fingerprint DB creation results of PCI-144 according to method. (a) Location of measurements on the map, (b) Service area and grid
points for fingerprint DB, (c) Measurements-based generated DB, (d) Measurements and SPM-based generated DB, () Measurements and DNN-based

generated DB
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3. DNN-BASED FINGERPRINT DB
GENERATION METHOD
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Table 1. Hyperparameters of the DNN model.

Hyper parameter Value
Number of input layer nodes 2
Number of hidden layer 3
Number of hidden layer nodes 10,10,10
Number of output layer nodes 1

Min-max normalization
He initialization

Normalization
Weight initialization

Activation function Leaky-ReLU
Optimizer Adam
Cost function MSE
Learning rate 0.0001
Batch size 1
Epoch 2000
Early stopping True

450

- - -Training loss
Validation loss| |

400

350

300

MSE (dBm)

0 20 40 % 0 100 120
Epochs
Fig. 4. MSE by number of learning.
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Table 2. Summary of evaluation tests.
PCI Mean of RMSE values w.r.t modeling method (dBm)

SPM-based DNN-based

8 11.991 6.332
12 8.535 5.547
109 9.405 6.049
144 10.234 5.650
174 11.690 6.125
188 9.510 6.141
298 11.828 7.038
358 9.954 6.887
Mean 10.393 6.221
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5. CONCLUSIONS
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