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MULTIMEDIA GALLERY

NAVIGATING  NAVIGATING  NAVIGATING Tlme and Na‘"gatlo n SATELLITE  NAVIGATION  TIMELINE OF
AT SEA IN THE AIR IN SPACE fhelnctiEtoniolostingliomibesicthae NAVIGATION FOREVERYONE [INNOVATION

Seiko Epson Digital
Assistant, 1997

This was ane of the earliest devices to
incorporate a wide range of
communication and navigation features
integrated into one unit. It included
electronic map toals, a mobile phone, a
digital camera, data links, a touch-
sensitive screen, and GPS navigation.

CAPTION:

The Seiko Epson Digital Assistant was one
of the earliest devices to incorporate GPS
navigation with communication features,

TYPE: Artifact

IMAGE DATE: 2012

CREDIT: MNational Air and Space Museum,
Smithsonian Institution

ORIGIN: Mational Air and Space Museum,
Smithsonian Institution

CREATOR: Dane A. Penland

NASM2012-02123 © 2012 Smithsonian
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= PPP-RTK processing

Multimedaia
bﬁ:g:fg'"s Koki Asari, Masayuki Saito, and Hisao Amitami
Satellite Positioning Research and Application Center (SPAC Foundarion), Japan
|| Base System BIOGRAPHY (IES)
g CAST Server [ (Gniss CORs etc]
data Koki Asar is General Manager at SPAC Foundation of Japan. He received bachelor of Measurement and Control Engineering

from Waseda University in 1987, and us master’s degree of Social Management Science from the Open University of Japan m
2012. He contributed to the development and the operation of Centimeter-class Augmentation System (CMAS) utilizing QZS55.

i . ) T Masayuki Saito is Chief Engineer at SPAC Foundation of Japan. He received his master’s degree of Engineering from Tokyo
Figure 9. SSR assist application for smartphones Institute of Technology in 1980. He contributed to the development of Network RTK system in early 2000s, Centimeter-class
Augmentation System (CMAS) utilizing QZ55 around 2010, and the most innovative QZS5 applications in recent years.

Table 1 SSR correction data and positioning types

Hisao Amitami 15 Director at SPAC Foundation of Japan He received bachelor of Mechanical Engineenng from Tokyo

g g f 4 University in 1980, and his master’s degree of Aeronautics & Astronautics Engineering from Stanford University in 1990. He
TeChmque DF PPP-RTK | SFPPP-RTK SF-ppP (DF) PPP contributed the development and the application promotion of QZ3SS applications in recent years.

Orbit Error Provided | Provided | Provided | Provided ABSTRACT
Clock Error Provided Provided Provided Provided Japanese Quasi-Zenith Satellite System (QZ5S) provides the Centimeter Level Augmentation Service (CLAS) using Compact
: State Space Representation (S5E) correction data. It enables Precise Point Positioning (PPP) in Real-Time Kinematic (RTK)
rror 4 y i networks. This method is called PPP-ETE GNSS positiomng, which realizes centimeter-level positioning accuracy and very
Factor Code Bias Provided Not Used Not Used Provided fast convergence within one mumute, anytime and anyplace all over the country. The Japanese government also announces
ground-based augmentation using the same correction data, therefore it recently become able to study to apply PPP-RTK to
& iar. i P i H 5 smartphones. This paper presents the discussion on the PPP-RTK applicability using ground-based assist service, the
Corfection Carrier phase Bias Provided Provided Provided Not Used development of SSF. assist system, the application configuration in a smartphone, positioning accuracy. and worldwide
licability of PPP-RTE GNSS positioning.
: : . Corrected PP ’ P €
lonosphere Provided Provided Provided B Rt
Troposphere Provided Provided Provided ::tm;e:

Single Frequency - Yes Yes No I O N G N SS+ 20 17
Dual Frequency Yes No No Yes At Portland, Oregon, USA
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OTDOA : Observed Time Difference Of Arrival
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3GPP
5G
CLAS
ECRA
ESA
FKP
GDP
GNSS
ICAO
loT
ISO
ITRF
LBS
LTE
MAC

3rd Generation Partnership Project

5th Generation Mobile Communication System
Centimeter Level Augmentation Service (QZSS)
Export Control Reform Act (USA)

European Space Agency
FlachenKorrecturPrameter (in the German language)
Gross Domestic Product

Global Navigation Satellite System

International Civil Aviation Organization

Internet Of Things

International Organization for Standardization
International Terrestrial Reference Frame
Location Based Service

Long Term Evolution

Master Auxiliary Correction

MADOCA Multi-GNSS Demonstration tool for Orbit and Clock Analysis

NR
PPP
QZSS
RTCM
RTK
SPAC
SSR
TOA
VRS
WGS

New Radio (5G)

Precise Point Positioning

Quasi-Zenith Satellite System

Radio Technical Committee for Maritime Services

Real Time Kinematic GNSS positioning

Satellite Positioning Research and Application Center

State Space Representation

Time Of Arrival

Virtual Reference Station

World Geodetic System 13



