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ABSTRACT

This paper introduces a study to estimate the user altitude in need of rescue in an emergency. The altitude is estimated by

using the barometric pressure sensor embedded in the smartphone. Compared to GPS, which is degraded in urban or indoor

environments, it has the advantage of not having spatial restrictions. With the endless development of smartphone hardware,
it is possible to estimate the absolute altitude using the measured value if only the bias of the embedded barometric pressure
sensor is applied. The altitude information of the person in need of rescue in an emergency is a great help in reducing rescue

time. Since time is tight, we propose online calibration that provides the barometric pressure sensor bias used for altitude

estimation through database. Furthermore, experiments were conducted to understand the characteristics of the barometric
pressure sensor, which is greatly affected by wind. At the end, the altitude estimation performance was confirmed through an

actual field tests in various floors in the building.
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2. ALTITUDE ESTIMATION

2.1 Altitude Model

]._/z\_t: U_l 71-5\_1: ,{ﬂ pSh=3 ﬁ%Lﬁ]_o:] 1;].001:5_]_ A /\1

=4

‘D]- (Google Android 2020 ) % =RoAe 1
T+

o i
r]o

lel

o}
st
Yok 3
AE olgslel 4] ()3 o] A8 AS)
(Hajiyev et al. 2019).

ES
2}
]

Ay Mo by
rr

X, ofN

A&

fis

_|_,

o17]A W= 719AE, T SH2 %, T,

W7, pi= hellA ST 719, RS 71AVd, o= 58 7HEE
ahe LERACh S 719} pots 2 Aol ZstolE Aol
whe} Wak £ =Rol Mt AulEEY SIXE |FOR 1Y
PR 71 S 2R ] S-S AlSdobA ARSIt o
A AL pyot AELE Ty 74P 2] 2B AA TE 7}
H(AWS: Automatic Weather Station) 2 K€ 2] 55}0] AL

)
ot
_?L
Roorok
zo I

7V E e 4ol AWSol A AR A7) HEES

https://doi.org/10.11003/JPNT.2020.9.3.175

h=Ellipsoidal height
H= Orthometric height
M= geoid height

Fig. 1. Geoid, ellipsoidal and orthometric heights.

Table 1. Altitude estimation accuracy analysis at 86 points.

Obsevationtime <1cm (%) <2cm (%) <3cm (%) <4cm (%) <5cm (%)

4hadayfor2days  38.7 744 90.7 96.5 98.8
2h a day for 2 days 29.1 65.1 82.6 96.5 98.8
4h aday 36.6 70.4 83.7 93.0 99.4
2h a day 31.1 63.0 80.0 91.9 96.1
30m a day 18.6 54.7 77.9 87.2 93.6

R =287]/(Kg - K) ()
Tyraa = 0.0065°K /m (3)
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2.2 Online Calibration
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Table 2. Specification of test devices.

Manufacturer Model Processor Sensor vender Amount
SAMSUNG Galaxy S20 Exynos 990 STMicroelectronics - LPS22HH 3
SAMSUNG Galaxy S10+  Exynos 9820 STMicroelectronics - LPS22HD 3
SAMSUNG Galaxy S10 Exynos 9820 - 3
LG V35 Snapdragon 845 - 3
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Fig. 4. Pressure sensor raw measurement.
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Fig. 5. Pressure sensor measurement after online calibration.
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Fig. 6. Pressure sensor measurement change when window open to smartphone bottom.
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Fig. 7. Pressure sensor measurement change when fan operating to smartphone bottom.
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Table 3. Field test place and time.

Place Floor Indoor/Outdoor  Time (UTC)
In front of Outdoor 01:33
Dong-A Villat 2 1F Indoor 01:38
3F Indoor 01:46
In front of Outdoor 02:14
1F Indoor 02:22
Dong:-A Tower 6F Indoor 02:27
B5 Indoor 02:34
In front of Outdoor 03:13
Leaders Building 1F Indoor 03:21
6F Indoor 03:27
In front of Outdoor 04:02
. . o 1F Indoor 04:07
Diplomatic Center Building 12F Indoor 04:15
B2 Indoor 04:25
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Table4. Altitude estimation statistical result.

CEP (meter) <7 msuccessrate (%)

LGG8 6.0015 86.4833
Galaxy Note9 4.9132 88.4054
Total 5.5258 87.4486
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