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Research on Improvement of GPS Altitude Accuracy
in NLOS Environment by Applying VDOP-Based Weighting
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Abstract In modern society, the global positioning system (GPS) has become a cornerstone of numerous
technological applications including aviation, drones, and geographic information systems (GIS).
However, the accuracy of GPS signals can be adversely affected in non-line-of-sight (NLOS)
environments due to signal reflection and scattering caused by obstacles such as buildings and
mountainous terrain. This paper proposes the enhanced-altitude adaptive Kalman filter (EAAKF), which
adjusts the measurement noise covariance using vertical dilution of precision (VDOP) information to
mitigate altitude errors in GPS measurements in NLOS environments. By adjusting the measurement
noise covariance based on the measured VDOP values, the EAAKF adapts to dynamic conditions. A
performance comparison through GPS altitude measurements indicates that the proposed EAAKF
improves performance by approximately 63.5% compared to the traditional Kalman filter. The results
show that the EAAKF model proposed in this paper improves the estimation precision over the
conventional Kalman filter for altitude estimation using GPS signals.
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Table 1. Meaning of DOP coefficient.

DOP Accuracy
1 o3t Ideal
1~2 Excellent
2~5 Good
5~10 Moderate
10 o4 Poor

_52_



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 24, No. 6, pp.51-56, Dec. 31, 2024. pISSN 2289-0238, elSSN 2289-0246

Znt "Wejo] o dAE ot 2ol gt
T, = Aa}k_l, D
P, =AP,_ A"+ Q )

71N z, % P A7 dl5E AEiet o3 FEANE
sl & k-1 WA AlolAS] Aeizt, P,
k-1 A AlHollA9] ot FEAL FE& on|gict.
3 As AdH ol Y, Qe ZEAA FE Tt
oo}, gt PE|o] 734l DAl that ol JgErh

K, =PH(HPH™+ R)™", ®)
Hz,), )

P,=(I-KHP, ©)

A 332 AW ol5 K5 AltstaL, A (42 4] (5)dl
A AL Atk o] 52 Bl A7 Aefe oa FRANS
AT 4714 Hiz B35 B0l 2,& k ARA
374 et A 999E, 292 rRe Y A
BAL g ojujgith

1
1©

o H FlO

o,

2

L
0

o
i

z, =z, + K,(z,—

o[z]jg

. EAAKF 7|8t &= £9| HY DY

2t e T2AA F2 34 el A €
7oA AxpFolA T, &4 Fgo| oAt E A BX
€ dlolEe] ® 45 vlEste] S71sHAl ok SAR
golA 2 tﬂ 1819] W< A3tr717] flsf &
A FEA RS A0 R 5= FAAKF 292
Alrte}. 19 12 AQrsh= EAAKF B HEo| A
S HEhdo

GPS data

 —
Predict step

Calculate measurement and error covariance

I
Adaptive step

Calculate measurement noise covariance R

02\4.. rd ol

VDOP
Altitude

Calculate Kalman gain

Correct step
Calculate measurement and error covariance

— |

Calibrated
altitude

H--

J3 1. M2tk EAAKF HY DEO| &AM,
Fig. 1. Flowchart of proposed EAAKF calibration
model.
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Fig. 2. Location of GPS positioning experiment.
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Table 2. RMSE Comparison.

RMSE Value (m)
RTK Measurement 1.667
KF 0.945
EAAKF 0.345
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