JPNT 11(4), 279-286 (2022)
https://doi.org/10.11003/JPNT.2022.11.4.279

Journal of Positioning,
]I) N T Navigation, and Timing

Software Library Design for GNSS/INS Integrated Navigation Based
on Multi-Sensor Information of Android Smartphone

Youngki Kim, Tae Hyun Fang, Kiyeol Seo

Maritime Safety and Environmental Research Department, Korea Research Institute of Ships & Ocean Engineering, Daejeon

34103, Korea

ABSTRACT

In this paper, we designed a software library that produces integrated Global Navigation Satellite System (GNSS) / Inertial
Navigation System (INS) navigation information using the raw measurements provided by the GNSS chipset, gyroscope,

accelerometer and magnetometer embedded in android smartphone. Loosely coupled integration method was used to derive

information of GNSS /INS integrated navigation. An application built in the designed library was developed and installed

on the android smartphone. And we conducted field experiments. GNSS navigation messages were collected in the Radio

Technical Commission for Maritime Service (RTCM 3.0) format by the Network Transport of RTCM via Internet Protocol

(NTRIP). As a result of experiments, it was confirmed that design requirements were satisfied by deriving navigation such as

three-dimensional position and speed, course over ground (COG), speed over ground (SOG), heading and protection level

(PL) using the designed library. In addition, the results of this experiment are expected to be applicable to maritime navigation

applications using smart device.
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2. DESIGN OF SOFTWARE LIBRARY

2.1 Sensor Information Provided by Android
Smartphones
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Shipments of GNSS devices by application
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Fig. 1. Shipments of GNSS devices by application (GSA 2022).

g Az Bel mebde 441 7H53 GNSse| 57
UHLS 5 o] F Fu4 441 o] 57} chEchs o] HAls o] gick
(Android developer guide 2022a).
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2.2 Design of Library
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Fig. 2. Therole of the application using the designed library.
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Fig. 3. Library functions accessed by the application and internal data flow diagram of the library.
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3. ALGORITHM

3.1 Pseudorange Calculation

QrERO|E APIE SAbAY] ZHAE A AFsHA ¢ o

Envelop Solution

AR F 2] Aqtel At ¥4l Hlo]"HE AlE7itt (GSA
2017). A2 2ol Bl A (1-6)9] I& F5l GPS ¢4dell
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weekNumberNanos = floor(—10=° x FullBiasNanos + Wh,,g,) X WhNpee X 107 (1)

tRxNanos = TimeNanos — FullBiasNanos — weekNumberNanos

tRxSeconds = (tRxNanos — TimeOffsetNanos — BiasNanos) x 10°

tTxSeconds = ReceivedSvTimeNanos x 10~

prSeconds = tRxSeconds — tTxSeconds

pseudorange = prSeconds X 299,792,458

)
®3)
(4)
(5)
(6)
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GLONASS $14Jo]l tigt QA=) & Fal7] sl 4] (2) ti4l
Al (& AHESEAL, A (3) T4l A (8)& AMEste] 415 441 A
o] | 28] A]Z2 GLONASS A| 2 #gksict

filasil

tRxNanos = TimeNanos — FullBiasNanos @)

tRxSeconds = (RxNanos — TimeOffsetNanos — BiasNanos) x 10~ + 108000 - LS (8)

BeiDou 9)/def| th3t oJabAR] & Fat7] aliade A (4
Al 9 AHEsISITE 914 AlAl o117 BAFEA] 52 415 F4l
A& BeiDou Navigation Satellite System Time . 2 Hi3k5}91

o

=&
>

tTxSeconds = modulo(ReceivedSvTimeNanos X 10 + 14,604800) 9)

3.2 Configuration of GNSS/INS Fusion Filter
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R = Pr-1Xpq (13)
Py = ¢r—1Pr_1¢i—y + Q-1 (14)
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Table 1. Horizontal positioning accuracy.

S20+ $20 MI9
L1/L1+L5 L1/L1+L5 L1/L1+L5
Samples 15054 15220 14144
Bias 239/291m 2.06/2.77m 2.4/3.07m
1Sigma 314/262m  412/442m  3.67/327m
RMS 3.95/3.92m 46/442m 439/449m
Accuracy (95%)  7/6.42m 7.3/6.73m 7.54/8.09m

4. EXPERIMENTAL RESULTS

4.1 Experiment at Sea
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Fig. 6. Position accuracy — Horizontal position error.
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5. CONCLUSIONS
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