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What is GNSS?

* GNSS or Global Navigation Satellite System is an acronym used to represent
all navigation satellite systems such as

" ete T Gouney | covrsge

GPS USA Global

GLONASS Russia Global

Galileo Europe Global

BeiDou (BDS) China Global

QZSS (Michibiki) Japan Regional

NavIC India Regional

v" GPS and GLONASS have signals for civilian and military usage
¢ Military signals are encrypted and not available for civilian use
Galileo and BeiDou also have Open and Restricted Signals
All civilian signals are freely available
Technical information for civilian signals are made public
¢ Its called ICD (Interface Control Document) or IS (Interface
Specification)

¢ Provides necessary information to develop a GNSS receiver
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How to achieve accuracy from few meters to few centimeters?

ORI= 35.666342230° 139.792210090° 59.7350m
AVE=E:-0.2368m N: 1.1001m U:-0.6957m
STD=E: 0.7813m N: 0.8869m U: 1.8977!
wRMS=E: 0.8164m N: 1.4131m U: 2.0212m 2D: 3.2639m

s - L R
..‘}.‘...
$ ":,: : .
.50 cm grid 0.cm
P

ORI= 35.666342230° 139.792210090° 59.7350m
AVE=E:-0.0160m N:-0.0395m U: 0.1039m
STD=E: 0.2253m N: 0.2461m U: 0.5594m

50 cm grid

50 cm

SPP (Single Point Position)

DGPS (Differential GPS)
Code-phase observation

ORI= 35.666342230° 139.792210090° 59.7350m
AVE=E:-0.0000m N: 0.0002m U: 0.0028m

STD=E: 0.0017m N: 0.0015m U: 0.0039m

RMS=E: 0.0017m N: 0.0016m U: 0.0048m 2D: 0.0046m

5 cm grid

RTK (Real Time Kinematic)
Carrier-phase observation
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Error sources

Satellite Orbit Error

V =4km/s
Satellite Clock Error

a

lonospheric Delay

50 — 200Km ‘
pd
/‘/
. ///
Tropospheric Delay P
10Km ,//
7/

Multipath

Thermal Noise

@ Receiver Clock Error
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Errors in GPS Observation (L1C/A Signal)

One-Sigma Error, m

Error Sources Comments
Total DGPS
Satellite Orbit 2.0 0.0
Common errors are removed
Satellite Clock 2.0 0.0
lonosphere Error 4.0 0.4
Common errors are reduced
Troposphere Error 0.7 0.2
Multipath 1.4 1.4
Receiver Circuits 0.5 0.5

If we can remove common errors, position accuracy can be increased.
Common errors are: Satellite Orbit Errors, Satellite Clock Errors and Atmospheric Errors (within few km)

Values in the Table are just for illustrative purpose, not the exact measured values.
Table Source : http://www.edu-observatory.org/gps/gps_accuracy.html#Multipath

Slide : 6



=  Center for Spatial Information Science ﬁ ;I.}L{‘ j( %
CSI The Universify of Tokyo .. . (;’ THE UNIVERSITY OF TOKYO
How to Remove or Minimize Common Errors?

Use Differential Correction (DGPS / RTK)

L

Recommended Base-length < 40Km

=

M Send Observation Data to Rover
IA\ for Real-Time Position

For RTK, both base and rover receivers need to

Base-Station

Antenna is inst:i\l!ed ata use data from the same satellites User in the Field
Base-station Antenna position known-p05|t|on (Either fixed or moving)
shall be known in advance Use RINEX data for post-processing
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How to Remove or Minimize Common Errors?

Use QZSS Service MADOCA or CLAS

QZSS

GPS G’°S
o

Currently, MADOCA provides correction data for GPS, GLONASS and
Correction Data: Qzss. -

It will be extended for Galileo in future.
MADOCA:
Satellite Orbit Error of GPS and Other Satellites » Base-Station is not required.
Satellite Clock Error of GPS and Other Satellites H- > ghegeceiver should be able to receive MADOCA / CLAS signal in L6

M\ and.
CLAS: .-'I,f}:"{'. » MADOCA provides 10 — 20cm accuracy (Global)
All of MDOCA plus the foIIowing: ff" \ » MADOCA Forrection data is also available online
. . / \ » CLAS provides 2 — 5 cm accuracy (Japan Only)

lonospheric Correction Data Rover
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Low-Cost High-Accuracy Receiver Systems
RTKDROID, MADROID, MAD-WIN, MAD-1t \

GNSS +

_ MADOCA
Device Receiver
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How to Make a Low-Cost GNSS Receiver System?

Csi

Memor External _
Y Memory Device rprakadidl | Hard Disk
Arduino
_ RaspberryPi
GNSS Module
or Receiver —_
Y Smart
Micro-Controller . - t— Phone
S Single Board
e or Combuter
: Micro-Processor P Q
’ - Sony, Spresense A smart-phone has
— everything that we
need
e CPU
~ RLSIRCON WiFi, BT, S - ! el
. External LB EsP S0C | ESP32-S3 : Interface
. R Interface Ethernet, MQTT, ' - : ,
Low-Cost SDR Device 10T links AT e * GNSS Receiver
$30 ) ) * Sensors
_ ESP32 is a powerful Micro-

controller with WiFi/BT

* Note: We use these modules for high accuracy positioning system based on RTK and MADOCA PPP or other GNSS/QZSS special applications.
* There are many other GNSS modules as well. We have no intention of any purpose to name some of the makers here.
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QZSS MADOCA Solution: MADOCA PPP Receiver System

GNSS Antenna
L1,12,15,16 FOP Receiver
GNSS Receiver
L1/L2/E5B Use this baud-rate to receiver

COM Port: 1
GNSS Raw Dat
~» BaudRate : 115,200 — awbata

. l (GNSS Data)
>

Splltter Micro-USB COM Port: 2
MADOCA DECODER ——» BaudRate: 57,600
(QZSS, L6) (MADOCA Data)

Use this baud-rate to receiver
MADOCA Data

= 65 >
T /L—\\ Antenna - ~N
/ \ GNSS Receiver COM Port: 1
50/ \ L1/L2/E5B — ort:
j \ L ) GNSS Data
—_— ( )
= MADOCA Decoder COM Port: 2
— >
QZSS L6 MADOCA Data
. J
Size: W:55x B: 55x D: 15

GNSS Antenna
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w-Cost High-Accuracy GNSS Receiver System

GNSS MADOCA Receiver with Windows PC (MAD-WIN)

Micro-USB to
USB Cable

Antenna Cable

» Connect Antenna to the GNSS/MADOC'A receiver using the /
provided antenna cable. ) /
» Connect the receiver to an Android d¢V|ce using a “micro- !
USB to USB” cable and an OTG cable./ /
» OTG (On-The-Go) cable may be eithe;’r Type-C or Micro-USB /
Type depending upon android devicé’s connection port.
1
1

)
1

;
A

\ 4
/65—_'
R )

T \
[

18%

Size: W: 55 x B: 55x D: 15
s | et Micro-USB to
GNSS Antenna UT RECEIVER

USB Cable
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Low-Cost High-Accuracy GNSS Receiver System
GNSS MADOCA Receiver with RaspberryPi Device (MAD-PI)

. LI ‘ _J RasPi4 with
Micro-USB to i R e Touch Screen

274

USB Cable

Antenna Cable

» Connect Antenna to the GNSS/MADOQIA receiver using the
provided antenna cable. /
» Connect the receiver to a RaspberryPj 4 device using a
“micro-USB to USB” cable. !
» Connect a USB Memory Drive to RasPi device.
> Either use a Power Bank or an AC Adapter for power supply.
1

Size: W:55x B: 55x D: 15
INC

UT RECEIVER Micro-USB to Micro-USB to Power USB Memory
GNSS Antenna
USB Cable USB Cable Adapter for
Raspl4
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“""Tow-Cost High-Accuracy GNSS Receiver System
GNSS MADOCA Receiver with Android Device (MADROID)

Micro-USB to

Antenna Cable USB Cable

» Connect Antenna to the GNSS/MADOOA receiver using the
provided antenna cable. /

» Connect the receiver to an Android d¢V|ce using a “micro-
USB to USB” cable and an OTG cable./

» OTG (On-The-Go) cable may be eithe;’r Type-C or Micro-USB
Type depending upon android devicé’s connection port.

OTG Cable

»

W

Select OTG Cable based on
Android Device Connector Type

\
\

Size: W:55x B:55xD: 15
UT RECEIVER Micro-USB to OTG Cable

GNSS Antenna USB Cable OTG Cable

Type: Micro USB
Type: C yp
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MADOCA System: Direct from QZSS or Online Correction Data

If you have
GNSS Receiver Only

If you have
GNSS + MADOCA Receiver

Position
Output

MADOCA PPP
Processor

GNSS
Receiver

Position
Output

GNSS +

MADOCA MADOCA PPP
. Processor

Receiver

Online MADOCA

Correction Data . .
It requires Internet access
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QZSS MADOCA Solution: Using GNSS/MADOCA Receiver

GNSS + MADOCA Receiver

» GNSS Receiver:

» Multi-Frequency GNSS Receiver
» MADOCA Correction Data:

» QZSS L6E Signal Decoder
» U-Blox Module:

» GNSS: FOP Module

» QZSS L6 Signal Decoder: D9C
» Septentrio

» MOSAIC Module

» GNSS + L6 Signal combined

Position

MADOCA Output

Receiver

MADOCA PPP
Processor
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QZSS MADOCA Solution: Using GNSS only Receiver

If you have
» GNSS Receiver: GNSS Receiver Only

» Multi-Frequency GNSS Receiver
» MADOCA Correction Data:

» Online Correction Service
» U-Blox Module:

» GNSS: FOP Module
» Septentrio

» MOSAIC Module

» GNSS + L6 Signal combined

MADOCA PPP
Processor

Position
Output

Receiver

Online MADOCA
Correction Data . .
It requires Internet access
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Screen Shots of RTKDROID and MADROID

Connect GNSS receiver to
Android device

(1) RTKDROID :
For RTK or PPK

(2) MADROID:
for MADOCA-PPP,
MADOCA-PPP/AR (future)

10:35 Sl (D)
¥, RikDroid ABOUT
L\ 3
Connection USB -
Device - ‘:’
Format ubx -

Processing Settings

Rover Mode Kinematic >
Elevation Mask 10 -

lambiguity Res.  Fix and Hold -
A aratae ety

0.0 ©

NTRIP Settings

16:16

\,

&\ MADROID
UTC Time: 07:16:19

Latitude: 35.68971662° N
Longitude: 139.75281501° E
Ellipsoidal Height: 56.785m
Orthometric Height: 18.995m
Speed: 0.15 km/hr

Fix type: Fix RTK

Satellites in view: 15
Satellites in use: 15

int Poin
User Name
START ROVER
8 H &
SEtUP Status Skyplot
[ @ 4

PDOP: 1.9
HDOP: 1.1
I\VDOP: 1.6
N
saRes— | w0
% AT~/ N\
2 e Arss \
3007/ SN\ G\
/ 615 & M
/® 4 \ X
[ Rea | e 970N N7\ Rg’ | W
W [ AN Bk
wi B T e g arlle
VA N NAINA L a ]
L8 /
/ S
T\ /
A £
= 150°
s
SO 49 45
R R R R
77 69 68 s
N\
RS
Skyplot

16:16

.
& MADROID

Date: Sep 15, 2020

Time: 07:16:23

Latitude: 35.68971663°
Longitude: 139.75281501°
X: 54N 387152.640m E

Y: 54N 3950250.977m N
Ellipsoidal Height: 56.780m
Orthometric Height: 18.990m
Fix Type: Fix RTK

Speed: 0.09 km/hr

HDOP: 1.1

VDOP: 1.6

PDOP: 1.9

Satellites in View: 15
Satellites in Use: 15
Latitude Error: 0.065m
Longitude Error: 0.055m
Altitude Error: 0.028m

NMEA: 2020_09_15_16_08_35.txt(279KB)
RAW: 2020_09_15_16_08_35.ubx(2MB)

STOP RECORDING
e % AN
Setup Status Skyplot
[ @ <

Slide : 18




Csi

Center for Spatial Information Science

The University of Tokyo

MAD-WIN

MAD-WIN / MAD-PI / MADROID

MAD-PI

H K ¢
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MADROID

87 MADOCA 2022

Connection Status Record About
Rowver
@® Rx O Online (GNSS) Setup
Correction
® DX O sx O Online (MADOCA)
Processing Mode
(O PPP-Static (® PPP-Kinematic
| Start/Stop
NMEA

ROVER  MADOCA

OFF

=als  Record

Tene 2021-10-04 13:31:04
Latitude 359030473V
Longtude 13953927512
Altitude 91.085m

Solution PPP

Lot Ereor 12.635m

Lon Bvor 13014m

Alt Error  10.655m

oy e

BOVER MADOCA  NMEA
MIAN THAs  S46BS

14:44 10 O W

Connection USB

-,
\\‘0‘ MADROID

Device USB-Serial (Dual Channe..  ~ (0

Format ubx 7
Correction Format  ubx v
Correction Source  Online ~

Processing Settings

Rover Mode PPP-Static =

Elevation Mask 0

enna Model

1446 2 O

N
\\0‘ MADROID

ITC Time: 05:46:47
|tatitude: 35.857 |
lLongitude: 139,860«
[Ellipsoidal Height: 56.505m
|orthometric Height: 18.454m
ISpeed: 0.19 kmyhr
[Fix type: PPP
[satellites in view: 11

[Satellites in use: 11

AS-ANT2BCAL
Antenna Height (m)
0.0 ]
NTRIP Settings
157.82.223.139
Port
2101
START ROVER
o LH 5
Setup Status Skyplat
] ® <

|POOP: 1.6
[HDOP: 0.9
DOP: 1.4 N .
330 8 30
P
30 L
]
w - o 45'& E
'] °
o % Wl
2409 ° o 1200
Co .2 1| X
2 5o
s
47 =
IG I(: S I S I rr N
i Y Aoa .
-
e HH AN
Setup Status Skyplot
[ @ <

MAD-WIN and MAD-PI GUIs are the same
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MAD-WIN / MAD-PI User Interface

B | MADOCA Demo 2020 — ] X B | MADOCA Demo 2020 — ] X B | MADOCA Demo 2020 — O] X
Connection Status Fecord About Connection Status Record About Connection Status Record About
Rover Time  2020-09-3001:12:24 " Device  [Windows v
® RX O Online T Soim '[atitltidz ?gg?g;gg;gv Solution  2020-09-30.010212 nmea(365568)
. orl1g| H-e ' Fowver 2020-09-30 010212 ub{ 2800936
Correction g't;t;{de E;§53m Correction 2020-09-30 010212 ubx(345088)
. . olution
@ DX O Online (MADOGA) Lat Emor 0.074m | Record O n/OfF |
Processing Mode Lon Eror ©1532m
, , , Alt BError 0.075m
(® PPP-Static () PPP-Kinematic
Start/Stop ﬂﬁﬁﬂ
G2 G G99 G12G17G19R6A
Connected _ . Connected _ Connected I .
Solution MADOCA PPP Solution NMEA Format
Rover Rover RAW Data in receiver’s proprietary format UBX, SBF, BINEX or RTCM3
Can be used for PPK (Post-Processing Kinematic) Solution or Post-Processing PPP
Correction MADOCA PPP Correction Data in receiver’s proprietary format UBX or SBF

Can be used for Post-Processing MADOCA
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MADOCA PPP Position Accuracy

i -&; DAMADOCA\Madoca_Mew_Analysis\dFHUEY2023-03-08_020000.nmea... — O x & DAMADOCA\Madoca_Mew_Analysis\dFHUB\2023-03-07_040000.nmea... — O *
? File Edit VYiew Windows Help File Edit View Windows Help
a1 1= Position T @ = e AR - o 1] (2 Dosition: AL v v e o 2 [H KOG
0.z E-W (m)
1
0.1
o]
| oo e w
| -1
| -0.1
| 2
0.1 N5 (m) 2 NS (m)
I - 1
0.0 T Tl e T
0.1 0
|
-1 |
0.2
U-D {m) 2 U-D (m)
m m
0.5 ;
1
0.0 - 0 :
-1
0.5 |
00:00 00:30 01:00 01:30 02 UU 02:30 03:00 05:00 09:00 12:00 15:00 18:00 21:00 00:00
[1]2023/03/08 00:00:18-03/08 03:00: 17 GPST : N=10630 B=0.0km Q= &: 10530{100.0% 2023/03/08 02:23:01 GPST + [1]2023/03/07 00:00: 18-03/08 00:00: 17 GPST : N=84007 B=0.0km Q= 5:34007(100.0%) +

Reset every 3 hour interval to analyze convergence time
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Low-Cost MADOCA Receiver for Sea-Level Rise Measurement

GNSS antenna

Solar power

TiBox enclosure
containing the
battery, raspberry
pi and Ublox and
MADOCA decoder

- 55 sy LN
Size: W:55x B: 55x D: 15

GNSS Mini Tide Gauge

———

*  Guide
6” Pipe_ _———
Pier/Wharf
1" Plipe—
Float -~

T Antenna

. Raspberry Pi

Source: Technical Report, GNSS/QZSS MADOCA PPP Data Acquisition for Sea Level Rise Measurement, DR. ROSALIE B. REYES, UP DGE and Project Leader, CLSR-Phil Project

Slide : 22



CSi Center for Spatial Information Science C ’ % ;'.}L{‘ j( %

The University of Tokyo THE UNIVERSITY OF TOKYO

MADOCA DEMO
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