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Abstract; In ultra-wideband wireless communication systems, the accurate identification of non-line-of-sight and line-of-sight
environments is crucial for enhancing positioning accuracy and system performance. To this end, a feature extraction method based on an
attention mechanism structure is proposed to enhance the sparse autoencoder. The SAE learns stable and effective feature representations
through sparse coding, while the attention mechanism highlights crucial information via dynamic weight allocation. Their integration
enables more precise feature dimensionality reduction. A semi-supervised classification strategy combining Gaussian Mixture Models and
self-training Support Vector Machines is employed for LOS/NLOS state recognition. The GMM models the generative probability
distribution parameters of the extracted feature space, while the self-training SVM enhances classification accuracy and robustness in
marginal regions. Experimental results demonstrate that, when comparing the performance of different dimensionality reduction methods
combined with LOS/NLOS classifiers in the NLOS recognition task, the proposed SAE-ATTENTION feature extraction strategy coupled
with the GMM-SVM classification model exhibits significant advantages in recognition accuracy and reliability. In static and dynamic
experiments, this approach achieved NLOS recognition accuracies of 95. 20% and 93. 05% respectively, effectively enhanced the model’
s generalisation capability under conditions of limited labelled samples.
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Table 3 Model atention weights
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Table 4 Static test results (%)

R4 T 1% 3548 Accuracy Precision  Recall  Recall
SAE-ATTENTION GMM-SVM  95.20 91.32 99.90 95.42
PCA GMM-SVM  93. 40 88. 61 99.60 93.78

SAE-ATTENTION GMM-KNN 92.70 87.32 99.90 93.19
SAE-ATTENTION GMM-RF  93.15 88.02 99.90 93.58




%5 1 FF R il % GMM-SVM 1 NLOS iR 51 77 175 -
1 olod |
A B C D ® NLOS|
|
T |
3m |
(A
M ERT 0
3m o
A B C D
(a) TS S0 VR 3 2R

K10 FASSEE IR

Fig. 10  Static experimental environment

B SRR 23 A7 15 0 53 BT, AS [R) 3 48 7 125 08 3R )
BRI 11 fos, Bl i 3% R R LOS HEA, i (A 3R0R
i NLOS FEAS [ 11 (a) A A 18 28 500 A 40 5 1 o
1, M 11 (h) AR50 i s XS 22 | (] B e 3
BRI BT, R BUABF ST SAE-ATTENTION 1 Sy [ 4k )5
PR B E B A 3 95. 20% , BEEA 7 B AH L T PCA
R 280 R A A 38 v 24 52 S B A P S 1) G S B
[ 28 = Y/

M EERRSX BT, T 5 k3 R B4 =5 19 Recall fH,
TR LOS FEA BT AR, W] LOS FEA Y5 A
HRERAL T LOS JE50 1) 2] 530 B, [ B 43 2 4% X b
N ABFIE TR B2 GMM-SVM 25 & e Al , Fo ol
H % GMM-RF, 1fij )15 GMM-KNN X548 55 .

2) B

SIARTRAB R 12 FiR , N R TFRAR & 1E K7
WS R Sl MR AR 5 AR B A7 B EE 2 000 4,
Hid LOS {Z38 1 000 £, NLOS {518 1 000 4H , %4 £ M3t
U] ) LOS {5 #5045 200 41, shAS LR R I 5 FiR,

®5 FEMRER
Table 5 Dynamic test results (%)

R 2y ik 43%%  Accuracy Precision Recall Recall
SAE-ATTENTION GMM-SVM 93. 05 88.27 99.10 93.46

PCA GMM-SVM 89. 50 83.66 93.20 88.17

SAE-ATTENTION GMM-KNN  91.00 85.47 98.80 91.65
SAE-ATTENTION GMM-RF 91.90 87.75 97.40 92.32

R LR J5 R AE 23 A 19 O 4 BT, W& 13 B FE B3
B R A LT RS IR BE A 2%, B 13(a)
o LOS 5 53 U 1 X 343 A, 1 NLOS 2531 43 7 &
MEBOLEIHT LOS 28044 8535, B 13(b) H PCA
R IL e S S A B LB S B U e R T R T

(a) Static experiment recognition effect

8 —4
(b) PCAREYE 5 A S0 UM R
(b) Static experiment recognition effects after
PCA downscaling

1L ASIR] A 5 i A S B R
Fig. 11

different downscaling methods

Static experimental effects of

3m
X 9@ g@
Tm R FHE

B 12 BhASsL I

Fig. 12 Dynamic experimental environment

3.9% ,iX T PCA 2ok R 2= ALk LA AT 353 3 1el 22
FRAE A AR LM SR, S BOCHE ) I 5 8 78 R 1 514 5 72



- 176 - LSRR R e o

5 40 %

PR SR AR B ke oA A A A 3 SRR ) B
WFER ISR, I R S5 2 A 14 B SR T A
it

(a) BhAS SRR R

(a) Dynamic experimental recognition effect

Los |
®nNLos |

g4
(b) PCAJE 325 52 SR

(b) Dynamic experimental recognition effect

after PCA dimensionality reduction
B 13 R[RIREAE T s L RsUR
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