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* What is the Price of a GNSS Receiver?
e S10? /51007 /S500/S1,000/ S3,000/ S$10,000 or more?

* What is the Accuracy that you can get from a GNSS receiver?
* mm, cm, dm, few meters or 10 — 30m

* But, what are your requirements?
* Types of Applications
* Accuracy Requirements

* Data Logging Methods
 Static Mode on a Tripod
* Dynamic Mode on a Car, Tractor or Machine?

e Real-Time or Post-Processing
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High-End Survey Grade Receivers

* Multi-frequency
* GPS
* GLONASS
GALILEO
BDS
QZSS
NAVIC

* Multi-system

* GPS, GLONASS, GALILEO, BeiDou, QZSS,

NAVIC, SBAS etc

* Price varies from S3, 000 to $30,000 or

more

: L1/L2/L5

: L1/L2/L3

- E1/E5/E6

: B1/B2/B3

- L1/L2/L5/L6
: L5/S

L5/E5/B2/L3 L2
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L6/E6/B3

L1/E1/B1
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. GLONASS
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1248, 06 Mh

°°°°° ao<:(1 k)
L20CM
BOC(5,2.5)

171 GASMH 12 4 MHz

EEEEE

-Code
BOC(10,5)

157542 MHz L10C
L10Cl BPSK(1)
' l BOC(1,1)
L10CM
BOC(5,2.5)
1575.42 MHz
E1, E1
£BOC(6,1,1/11)

1575.42 MHz.

Y4 i
7 //(uc.o
TMBOC(6,1,4/33)

' 4
1602.0 MHz
==~ GLONASS
P-Code
BPSK(5.11)

C/A-Code
BPSK(0.511)
1600.995 Mhz

E1/L1 Band
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Low-Cost Recelvers

* Multi-System
* GPS, GLONASS, GALILEO, BeiDou, QZSS, SBAS etc

 Basically Single Frequency
 L1/E1/B1-Band
* Very soon: Multi-System, Multi Frequency, L1/L2 or L1/L5
* Future trend for Mass Market System will be L1/L5

e Some chip makers have already announced Multi-System, Multi-
Frequency GNSS Chips for Mass Market

 Low Cost:

* Less than $300 (Multi-GNSS, L1 Only) including Antenna and all
necessary Hardware, Software

e QOur target is within $100 or less including everything

*Note: Only one signal type from each system is processed

L1/E1/B1*

NCode
BOS13 % |

1542 N

’ ’/n Q
TMBOCIS, 1 4

1602.0 MHz

1600.995 Max

1575.42 MHe »
L1000y ' "
I l BOCHY Y
L10Cw
BOCIS2 5
157542 M
“'| 2
) 0
RO 1152

1941 0% v

815 (A8
PN

157542 v

e.g. GPS has L1C/A and L1C in L1, ,but only L1C/A is used in Low-Cost Receiver
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Our Definition of Low-Cost Receiver

* Price : $100 or less
e Accuracy : Better than 100cm
* Weight : 100g or less

(Without Battery)

1003
$100 x 100cm x 100g

Will it be possible?

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 6



CSi Center for Spatial Information Science C ’ i ;'?5 j( %

The University of Tokyo THE UNIVERSITY OF TOKYO

Many Applications require
Low-Cost, Small-Size & Low-Power
Receiver System

But, is it possible to get
High-Accuracy with Low-Cost Receivers?
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Question?

Although the Normal Accuracy of GPS is about 10m,
why can we get Centimeter Level Accuracy?
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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

SR
- "‘}‘
B T ik
.".."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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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
Satellite Clock 2.0 0.0 removed
lonosphere Error 4.0 0.4 Common errors are
Troposphere Error 0.7 0.2 reduced
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
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How to Remove or Minimize Common Errors?

Use Differential Correction
/‘

L

Baselength < 40Km

% RTCM

Xlerror = [Xlknown = Xlmeasured XA Send Correction Data to Rover
For Real-Time Position IN
Base-Station  For RTK, both rover and base receivers Rgser
Antenna is installed at a need to use the same satellites User in the Field
Base-station Antenna position known-position (Either fixed or moving)

shall be known in advance

RINEX data for post-processing
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How to Remove or Minimize Common Errors?
Principle of QZSS MADOCA and CLAS Services

QZSS

GPS

o //
Correction Data: — Correction data for other satellites
Satellite Orbit Error of GPS and Other Satellites I,ﬂ. A. will also be brovided
Satellite Clock Error of GPS and Other Satellites ffui P
/ \
I Base-Station not required
Rover
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TYPE R1 Type A: Low-Cost, High-Accuracy Receiver System
Real-Time and Post-Processing, Base and Rover Mode

Tablet

GNSS Antenna Rover RasPi

/v
BT
Raspberry Pi 3B <«
~ - \ \

internet <
RTCM for NTRIP
RTK Caster

APP
Ver.: 1.0

meeeee Low-Cost RTK Receiver System

H 5K o
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S

TYPE R2 Type B: Low-Cost, High-Accuracy Receiver System
For Post-Processing & Rover Mode Only

GNSS Antenna Rover

Raspberry Pi Zero w/WIiFi&BT

TYPE Al Type C: Low-Cost, High-Accuracy Receiver System

Real-Time and Post-Processing, Rover Mode Only

GNSS Antenna Rover

Android
Device

RTCM for

‘\ RTK

Internet

Type D: Low-Cost, High-Accuracy Receiver System

TYPEMA Real-Time and Post-Processing, Rover Mode Only

GNSS Antenna Rover RTCM and/or SSR
PPP-RTK

e.g. MADOCA Service

—

Internet

Android
Device

MADROID
Ver.: 1.0

MADOCA
Correction

Server
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LS User Correction

Processin i
8 Interface Data Format

Receiver System
Engine

sT" & _ Android
e g gt S e S S M
eta Version v g 8 APP: RTKPI
GNSS Antenna Rover Rasr/)berry Pi
Zero/WiFi&BT
Raspberry Pi Z Fi&BT - -
Type R? spberry Pi Zero w/Wi Log Raw Da'ta for Post Option: Rover Only None Post . User Defined
Beta Version processing RTK . processing
RaspberryPi
Camera
m— Real-time RTK Andr_md NTRIP
Type Al L Jrooe] . RTCMfer : : . Device
P DL Simultaneous Log of Android Device Rover Only APP: Server or RTCM 3
' VRS

Release 1.0 Wi
@ Raw Data RTKDROID

‘GNSS Antenna Rover RTCM and/or SSR

- e R Ba?jj I;ir:/?AITDP(I;CA PP MADOCA PRI
ype L' S i . 4 Devi : i
Android Device ~ Rover Only MADROID Correction Format

Ver.: 1.0 N
Release 1.0 wr & = Correction Data from
I = Data Server

e Internet
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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 16:16
. . \
Q:O\ RtkDroid \\0\ MADROID
UTC Time: 07:16:19
Connection USB v Latitude: 35.68971662° N
: Longitude: 139.75281501° E
Device o ‘:J' Ellipsoidal Height: 56.785m
Orthometric Height: 18.995m
Format ubx - Speed: 0.15 km/hr
Fix type: Fix RTK
i . Satellites in view: 15
Processing Settings Satellites in use: 15
PDOP: 1.9
Rover Mode Kinematic - HDOP: 1.1
IVDOP: 1.6
Elevation Mask 10 > 330n'ss, =
Ambiguity Res.  Fix and Hold - o e
- eiaht 3007 L
[N o
(] / /e
[ g [
, M
NTRIP Settings DRI P
Address X
2005 N\ N\
\ S gz,;
A
or 210"~
2101
I oin
46 a 46 46
38
...... Mame IIII 33
START ROVER I
G G G G G G
20 13 24 15 28
-
) H \Q_’s o
Setup Status Skyplot Setup
[ @ 4 [ |

¥ S

42

I 37 37
R R R R
33 85 84 67
=
ull
Status

®

150°

SO 49 45
| I I I
R R R R R
7 69 68 79
N\,

/oo

RS
Skyplot

16:16

\,
NN

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
o Y &
Setup Status Skyplot

] O <
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Type A: MAD-t Type B: MAD-WIN Type C: MADROID

Platform / OS : * Platform /OS:

RaspberryPi Windows
Receiver : * Receiver:

Dual Frequency Receiver Dual Frequency Receiver
Data Format : * Data Format:

UBX, SBF or RTCM 3 UBX, SBF or RTCM 3
Correction Data : * Correction Data :

UBX, RTCM3 or JAXA online UBX, RTCM3 or JAXA online

Platform / OS :

Android Device
Receiver :

Dual Frequency Receiver
Data Format :

UBX or RTCM 3
Correction Data :

JAXA online

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp

Slide : 16



The University of Tokyo

( : S i Center for Spatial Information Science

MADOCA Low-Cost Recelver Systems

Type—A : MAD-1t

Type — B : MAD-WIN

Type - C: MADROID

Raspberry Pi 3B or 4B
g GNSS Receiver T

MADOCA
Correction
L1/L2 GNSS Receiver Data Server
+
MADOCA Decoder
GNSS
Antenna

WiFi - MADOCA
Correction

GNSS Receiver

L1/L2 GNSS Receiver Data Server
+
GNSS MADOCA Decoder
Antenna

N
A
GNSS Receiver ] -
MADOCA
J WiFi OF
Correction
L1/L2 GNSS Receiver Only S Qe

N~ e

S

HEK

THE UNIVERSITY OF TOKYO

Use MADOCA correction
data from server if GNSS
receiver does not have
MADOCA decoder

Use MADOCA correction
data from server if GNSS
receiver does not have
MADOCA decoder

Use MADOCA correction
data from server

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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GNSS MADOCA Receiver and Antenna

GNSS and MADO;.—il

Receiver
L1, L2, E5b, L6 al
~ GPS, GLONASS,
>> GALILEO, BEIDOU,

55

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

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 18
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Receiver System Architecture

GNSS Antenna L1/L2 Antenna

L1, L2, L5, L6 / \

' FIOP Receiver

GNSS Receiver
L1/L2/E5B

\ / COM Port: 1

— Baud Rate : 115,200

>. _.l_ (GNSS Data)

Micro-USB COM Port : 2
—— Baud Rate: 57,600

MADOCA (MADOCA Data)
DECODER

C S i Center for Spatial Information Science ﬁ ;'}? j( %

v

Splitter

(QZSS, L6)
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GNSS Raw Data, FOP Recelver Output
: P
471 | B - R¥M [Feceiver Manager] - RawSC Multi-GMSS Faw Meazurement Data) 119¢
Local Time | 2108:364155.001000000 [s]
Leap $econds| 18 WALIDY [5] Clock reset [

SMR | PRStd..| CPSHd... | DOSt. | P, C. | H. |~ SV Sign... | G..| PseudoRange [m]| Camer Phase[c.. | Dopple.. | Lock T...| SMR| PRStd. | CPStd.. | DOSt. | P | C.. | H. |»a
A7 ooe 0.004 O0E4 @ ¥ @ ¥ @ Y R24 LI10OF 2 205615599, 24 10995211110 H71.8 0 24 512 2idg e ¥ @ N e N
an 016 0.008 0256 @ Y @ ¥ @ Y G117 LICAA - 2725325 52 416735590 -23939 1] 13 1024 - B192 @ Y & M @ M
a8 0.0s 0.004 B4 @ ¥ @ ¥ @ Y E0S E1C 28853366.03 136385811.26 20828 N30 Kl 0.64 0020 QElZe Y @Y @V
g1 0.0s 0.004 gpg3ze vy ey & v Bo? BZ2D1 J6355217.75 146387393.88 7233 E4500 4& 0.0g 0004 fizée vy oy @y
9 03 0oz 0slz e vy @y @ v B13  BZD1 39143656.89 15761528640 av E4500 41 nna 0.o08 0266 @ Y &Y & %
45 0.0s 0004 04 @ Y @ Y @ Y BO8  BZD1 37559865, 78 151238004.56 2301 E4500 3k 0.3z ooz fElze Yy ey @V
a4 0.0s 0004 ogizae vy @y @ v B14 BZD1 2386227477 945875513.57 575.2 E4500 47 0.0g 0004 pizée vy oy @y
45 0ne 0.004 fi2ze vy ey oy E0S  EREQ 2R85337E. 32 104503485.05 15954 7200 30 naz2 0023 0Rze Yy oy @y
44 one 0.n04 ni2ze vy ayaevy E25 ESEQ 25156838.06 10129616680 -2103.6 E4500 46 0.0g 0004 Q4@ Y @Y @Y
AN 01 0.008 0FEe Y @ Y @ ¥ E04  EBEO 27B08E14.87 111168447 66 B03.2 E4500 38 0.0s 0.o08 026 @ ¥ & Y @ ¥
AE 0.0s 0.004 fi2ae ¥y @ Y oYy E24 EBEQ 2708233938 109049567 15 27E1.8 E4500 29 0.3z 0020 2B @ Y @ Y @ Y
I 022 0.0z 0FEe ¥ @ Y @ v GO3 L2CL 2164743343 9B642630.21 13766 E4500 42 016 n.o0g fizée vy oy @y
M 124 0.002 QiZze vy ey oy GO7  L2CL 2491572470 102026717 .75 2545 6 E4500 Kl 064 0027 1024 @ Y &Y @Y
1 IEG 0.023 oElz e vy @ ¥ @ v GOog L2CL 2327522817 95208161, 74 20477 E4500 43 0.0g 0004 iz vy ey @y
29 1024 N gl e vy e Me N G30  L2CL 2427861053 93416356.45 2060.6 E4500 33 0.3z 000z 2B @ Y @ Y @ Y
a5 124 0.008 0256 e vy @Y o v Qo L2CL - A7FBR3R30.82 15418492380 BB E4500 39 naz2 0.o08 2@ Y @Y @Y
a0 120 0.027 1024 ey oy e N R13 L20F -2 2290342893 95124586.38 3JEER.E E4500 33 1.28 0020 fElze Yy ey @V
19 126 0.00% G ey ey ey F14 L20F -7 2073340097 a6234175.82 14837 E4500 3o 1.2a 0027 1024 e Y @Y @y
44 0.0s 0.004 i eyaeyery RO L20F 5 2491607227 103738199.24 26452 0 24 512 - 204 Y @ N @ N
47 016 0.004 lEd @ Y @ ¥ @ ¥ RO L20F B 2233943121 93042941.92 -588.8 1] 24 10.24 - glze vy e @M
42 0.0s 0.00% i eyaey ey Qo7 L2CL - AFF23023.32 154463487 54 3504 E4500 40 naz2 0.o08 0266 @ Y &Y & %
40 0z 0.008 gizie vy ey oy Qo2 L2CL FFIRFINT0 152095048.86 -486.7 E4500 45 016 0004 iz vy ey @y
19 10.24 - g1z2e vy e NeHN
an 1.28 0.023 nE1ze vy @y oy
40 016 0.00g 256 v @y @Y
24 512 - ey e NeHN
24 512 ey e NeHN

Local Time | 2108:364155.001000000 [2]
Leap zeconds | 18 AaLID) [5]  Clock reset &

S Sign... | G..] PseudoRange [m] | Carrier Phaze [c.. | Dopple... | Lock T...
GO3 L1CAA - 21647431.89 11378802620 17BR.7 B4R00
GO7  L1CAA 249165724 27 13093301083 -32665 B4R00
GOS8 L1CAA 2327R2BEY 12233728 26277 B4R00
G22  L1CAA 21510039.62 113036022 45 2995 B4R00
G300 L1CAA 24278R09.23 12758495313 -2644.0 B4R00
Q01 L1CAA A7ER3A30.29 197870641.68 730 B4R00
B13  B1D1 3914365413 20383128088 46 B4R00
B23  B1D1 2528831311 131826650 97 -3329.3 B4R00
B33 B1D1 2429001 6,20 126484489 71 1957 9 B4R00
BO7  B1D1 36365222 B 18931117989 93R5 B4R00
B14 B1D1 23562278 42 122694967 85 744 2 B4R00
Bos  B1D1 - A7ERORT2 3R 195584111.77 -297.2 E4500
R14 L1OF -7 2079939457 1108724396 19159 E4500
RO?  L10F 5 24916190.47 13237831432 34001 4880
ROS  L10F g 22339471.45 119626854, 33 7862 i
R13 L10OF -2 22903427 46 12230302415 47168 E4500
R15  L10F 1] 224977681.29 12022132241 1857.6 900
Rz23 L10F 3 21577264.24 11542383234 226818 B4500
Qo2 Lch - 3738737090 19647196113 -B86.0 B4500
E25  EIC 2515603292 12220003535 -2748.3 B4500
Q07 LICAA A7F23026.81 19823585073 -486.2 B4500
E04 EIC 27E08E11.14 14508422279 TE7 R B4500
Gz LIC/A 2620524591 137709496.61 235 i
E24 EIC 2708237641 14231887630 -3603.2 B4500
B34  B1D1 - 27305668.25 14218777936 -2696.7 B4500
R17 L10F 4 22576755.59 12081277320 15833 i
FRz4 L10F 2 20561599.24 109952111.10 -B71.8 i

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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GNSS Navigation Data Bits, FOP Recelver Output

1B - Bk [Receiver Manager] - SFREBX [Subframe Data MNG) 13z

## denotes data received on subChi

| Strip Parity Bits

sW

BDS
EDS
BDS
BDS
BDS
EDS
BDS
BDS
EDS
BDS
BDS
BDS
EDS
BDS
GAL
GaL
GAL
GAL
GAL
GaL
GAL
GAL
GaL
GAL
GAL
GAL
GLO
GLO

fFBID1 O
FB2D1 0
aB101 0
2B201 0
10 B2D1
11 B1D1
11 B2D1
138101
13 B2D1
14 B1D1
14 B2D1
238101
33 B1D1
34 B1D1
2E1B DO
4 E1B 0O
4EREI O
JE1B O
JESEI O
11 E1B
11 EGEI
24 E1B
24 EGEI
25 E1B
25 EGEI
a0 E1B
1L10F
2L10F -4

oOoOooDooo o oo

B N s R e e s s

M5
1

7

1

Y
Y

1

Y

1

7

1

Y

1

1

2

ED
ED
Y
ED
Y
E3
Y
EY
7
ED
Y
ED

2 342504
2 342504

DATA [¥ denotes invalid words) ~

28301595 02930070 05E0B162 22891084 06070436 30450F44 1DDERIET 18007AZE TAEABFZE ZFOSE15E
385901535 02330070 OSE0BTE2Z 22831084 06070436 3D450F44 1DDERIET 18007AZ5 14EABF2E 2FOSE15E
383901535 02330070 05E0B162 Z2BEEFEE 36070406 30 450F44 1DDEEIET 18006C24A 3CATFFER 3383416k
383901535 02330070 05E0B162 Z2BEEFEE 36070406 30 450F44 1DDEEIET 18006C24A 3CATFFER 3383416k
38301595 02980070 05E0B162 2283E0B1 14070456 30450F44 1DDEEIET 13006E2C OCYCEDZA 05410105
385901535 02331075 05E0B162 22828083 DBO70AZE 30450F 44 1DDERIET 13006522 16DCFFFD 32BEAZFE
383901535 02981075 05E0B162 22828083 DBO70AZE 30460F 44 1DDERIET 18006522 16DCFFFD 32BEAZFE
38301595 02980070 05E0B162 22BA00ZD 18070426 30450F44 TDDEE3ET 18001E24 3B5500EE OB14E143
385901535 02330070 05E0B162 22BAOO2D 13070426 3D450F44 1DDEEIET 18001E24 3BE500EE OBE14E149
383901535 02986070 D5EOB1EZ 2283C0BE 09070CEC 30 0400F5 ODBEYSE4 181E20YE DOCDADD 2 144E 4704
383901535 02986070 D5EOB1EZ 2283C0BE 09070CEC 30 0400F5 ODBEYSE4 181E20YE DOCDADD 2 144E 4704
38301595 02981075 05E0B162 228F0382 30 070AFE 30450F44 TDDEEIET 1800472E 27AFDO0E 04438150
385901535 02331075 05EOB162 22857976 17070AEG 30450F 44 1DDEEIET 12004424 0D 3F0ME 04426173
383902597 00D03CEC 33ECCERE 05CBF9SE 23280183 0A4DBEOI 031AB0BC 3CI8F 454 10445170 141A296F
00355555 55555555 55555505 S0F14000 A415C000 00000028 A8AASBDA ESFFADOD

00955565 AEERAEEE BEEEE55G G0F14000 442E 4000 00000028 A0AARDAE BEFF4000

02178037 82333986 BCE 3F 207 B3820000 BCO14000 00000024 A8AARF45 DCFF4000

00355555 AEEREEEE BEEE5565 BOF14000 A42E 4000 00000024 A8AABDAE BEFFA000

051CFFCA 0SECQYFEF EQO0S7EE2 11548000 AAAARO00 OOO00024, ALAMAFDE 737FA000

03177FF1 CBCE1ERA FCBEEE42 41733000 35540000 00000024 A48 7350 FCIF4000

00355555 AEERREEE BEEEE565 B0F14000 44180000 00000015 55556084 BOFF4000

OYEZ5EAC D0EOS304 3BCFETZ2I FFO70000 ABDSA000 Q0000028 AAMA4C78 SFFFA000

00955565 AERREE5E BEE55R55 50F14000 43F10000 00000028 AtsAaR 461 GCEF4000

00355555 AEEREEEE BEEE5565 BOF14000 A42E 4000 00000024 A8AABDAE BEFFA000

021785E 3 82624402 ZBBCARAT EDAZOOOD B2C7A000 00000024 AAAA3472 FZBFA000

00355555 55555555 55555555 5014000 43030000 00000024, AdAMFFFS BEFFAO00

10410006 744C2000 73711300

10410022 31 CCO7ES BR21 4000 .,,..
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GNSS Navigation Data Bits, FOP Recelver Output

#H denotes data received on subChn

LIB¥ - Bt [Receiver Manager) - SFRE [Subframe Data MG]

[ Strip Parity Bits

H 5K o

(- ’ THE UNIVERSITY OF TOKYO

sz

sW

GLO
GLO
GLO
GLO
GLO
GLO
GLO
GLO
GLO
GLO
GLO
GLO
GLO
GLO
GLO
GLO
GLO
GPS
GPS
GPS
GPS
GPS
GPS
GPS
GPS
GPS
GPS
GFS

2L10F -4
2L20F -4
FLI0F &
JL20F &
BL10F E
BL20F B
13110F -2
13 L20F -2
14 L10F -7
14 L20OF -7
15 L10F 0
16 L20F 0
17 L10F 4
17 L20F 4
23110F 3
23 L20F 3
24 L10F 2
JLICAA 0
2LCM 0
FLICAA 0
FLECM O
BLICAA O
BLICM O
1 LICAA 0
14 L1CA 0
17 LICA O
221G 0
2FLICAA 0

MSG

2
2
E

10 1/25M

2
1
2
2
2
2
2

14 3/2603

2
al
2

11 1/2800

1
3

2/2504
342504
B/2501

a/2504
342504
a/2504
2/2504
342504
2/2504
342504

342504
22504
342504

2/2504

a5 ¥

3

45 ¥

3

4577
4571

2

— LI

DATA [* denates invalid words)

10410022 31 CCO7ES 65214000

10470022 31 CCO7ES 65214000

2hAB42C3 4440FEBC DEED 400

BR1CO9EA BFRO23IC 3EZ7DA00

1041040E 2CE027YF 38002000

08212942 FFFEAFTF Z23CA500

10410486 04003304 8830F200

104104386 04003304 3830F300

104100393 CE033633 20744200

10410033 CE099633 20744800

1041052 2E314006 BE3CT000

7B7C330F BEEO30CA 16F332000

104704E4 42413390 B3243000

28380000 00001C00 02660000

10410524 BES3E4CZ DIBCT000

BEA47CCZ BFFACO1A 1AE7BOOO

05212C07 BECO6753 03034300

22C03C33 1DAEBBE 3 00022847 1FB3BART B00143FD 96040540 0YCE47TA 81180462 BFESCROZ 33460 78R
BBOCEYEE A260013F FEOCEI0E 03F3200F B1BE2001 DO0EQDS 2CCOTFAD COTC3500 2D3A0EDC 3EASBODE
22C03C331DAESBE3 3FFDEBEOD 31836133 001E4328 3670A4E 1 34422747 20971BEE 3FESBFER 15BCOESS
BB1CEYER A2E717C23 1ABBRIBE 7AFFIFFE EF15C014 ADD2ADDY EZEO1 388 00307500 720 8AECI EBCERTDE
22C03C331DAESBE 3 00001 32F 21E74807 00024308 1FCEREDT BaAZ7F7C 11457092 BFE33449 327CRAE 3
BB20BYER AZE12643 E2BCA3DF CEDSAFCE OF18A00E 4002BFF2 ADCOZB04 400341FF 450 451F5 7FATBE21E
22C03C33 1DAVZCET 1E4BBCET 89764283 14D5A5FA ADEQODCE 2523F154 OBOC412F O0DC3CES E150FBCY
22C03C33 10ATBAEY OEBEDCDS B0 ABGDO4 140458 4F 3F000173 BE333433 B40YE8EC 03440 445 9EE39FER
22C03C33 1DACABFE 000F33CC 1FDOBASE 3FF/0A26 8520BA33 0ATE2F5S 040 8B2F2 BFEABF OCYCEBDST
22C03C33 1DAESBE 3 0011 27AF 3D 311BEC 3FFADSEF SE03EADG 87083477 1D4C0DYC4 IFEZ2FE 0B06C397
22C03C33 10ADO94F 03C40027 03510083 JC3CAESE BSBEZ46E 30488135 85966357 O03FEATE BACE13BC

W

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp

Slide : 22



S i Center for Spatial Information Science e % ;'i_{. j( %&
The University of Tokyo —’

THE UNIVERSITY OF TOKYO

GNSS Navigation Data Bits, FOP Recelver Output

LB - Rk [Receiver Manager] - SFREH [Subframe Data MG) 106 £

## denotes data received on subChn

| Strip Parity Bits

sy

GLO
GLO
GLO
GLO
GLO
GFS
GPS
GPS
GPS
GPS
GFS
GPS
GRS
GPS
GFS
GPS
GPS
GPS
GFS
GFS
255
[£55
[£55
(255
255
255
[£55
(255

17 L10F 4
17 L20F 4
Z3L10F 3
23L20F 3
24 L10F 2
JL1CA 0
JL2CM 0
FLICAA 0
FLACM 0
BLICAA O
BLACM O
1 LICA 0
14 L1C 0
171G O
221G 0
27 L1C/A 0
3OLCA 0
A0 L2CM 0
2Z2LCA 0
32 L2M 0
1L1CAS O
1LZCM 0
2L1CA O
2L2CM 10
JLICAA O
JLZCM 0
FLICAA O
FLACM 1O

MSG

2 342804
b 242504
2 342504
11 1./2500
1 342604
3

4577

3

4577

3

4577
4571

2

L

3
3
1
3
457
1
4577
3

Y

3

Y

1

7

3
Y

DaTA [* denotes invalid words) ~

104104E4 22479330 B3343000

28360000 00001 CO0 02660 000

10410524 BEB3E4C2 DEACTO00

BEA47CCZ BFF4CMA 1ARTROOD

08212C07 BEBCOETE3 03034500

22003032 1DAEBEE3 00022847 TFB3BART 3007143FD 36040340 07CE477A 8118C462 EFEICEOZ 2460 75E
8BOCEYEE AZ60013F FEOCSSDE 03F3300F B1BG2001 OOMEDDZ 2CC0TFAD COMC3300 203A0EDC FEATBADE
22C03C33 1DAEBBE3 3FFDBEOD 31336133 001E4948 367RA4ET B42227A7 20971BBE 3FESEFER 15BCOESS
BB1CEYER AZE17CZ3 1ABBEIBE FEFFIFFE BF16CO14 ADD2A007 E2EO1 388 00307500 72D BAECI EBCEE1DE
22C03C33 10AEBBE3 00007 32F 21EV4BDT 00034308 1FCEREDT BAAZTFYC 1147092 BFESEAAT B2FCEAE S
BB20BYER AZE12643 E23C430F CEDIVFCE OF184A006 4002BFFZ ADCOZB04 A00341FF 450451F5 FATSEZ21E
22C03C33 10A72CEY 1E46BCR3 89764233 14DRASFA ADEQODCE 2529F154 OBOC412F 00DC3CEI 8150FBCY
22C03C33 10a36AEY DEEEDCDT 8DABED04 14045B4F 3F0001 73 BE333439 84076360 03440445 JEE33FER
22C03C33 10ACABFE O00F33CC 1FDOBASE SFF70AZE B520BASSE 0ATE2FEE 04D8E2F2 EFEABOTF OCFCBD A7
22003032 1DAEBEEZ 011 27AF 30311B6C 3FFADISF ZB03EADE 87083477 104CD7CA 3FESZ2FE 0806C337
22003033 10AD0T4F 03040037 09510083 9C3CAESE BAEGZ4EE 30455135 85366357 O03FEATE BSCE13EC
22C03C33 1DAESEEZ 00043E5C OCE1D14C 00030345 I02E535C D44EL2FC 210F5F12 BFEICECA BF3C345E
BB V8B YEE AZE17C98 BY334330 2ZEC4AM S BR1EE QDS ADDY2007 DCCO126C 802FD500 BDIEDBGY AA7FERYIE
22003032 10AD034F 03040037 09510083 C3CAERE BEBEZ46E 30453060 83366356 S0000FFF 033E73F0
BB20BYEA Z2516EEE 24254380 E8T17FFA BESI3FEF BO0Y1FFE E2A0T0DEA EOTETIFF CO34FBS2 9148B281E
22008424 1DAEB3AC 013F2052 BF43410C IEFE477D A3BB4E 40 8B84B038 1FIFCD 75 BFFAF44D ADARECTT
BB04BYEE AZE4RA5E BF1BS7ES B1EIE5FY 30V41FD1 BFEAZOOF ECO0Z240 SFEDOS00 70880510 ESESE05F
220048487 9DAEBSEE3 00348484 91413608 00433793 AYBFEZET 8214EFF4 1F3CE4EE BFFAYSFC 20413300
BB03BYEE AZ640322 FEVECYAT SCCHA TR0 S0CIA033 TFEOEDST 51401502 ADD3FADS 1BEE0231 1B98B03F
220084871 9DADATE 3 03CB40CE AQOO0003 OQQ00000 Q0000000 00000053 2D56658E B03FFF24 BFEOF304
BBOCAYER 11073264 62640472 E3202450 A10CTFFC BCEACFER FCFI3ET 63C702CE SCEBO4CD 15538B0CE
220048487 9DAEBSE3 D1FE2A2E 28751B08 DOFER010 82F38171 S0DAFEA BASTEYDE BO0335EF 200400037
BB1CEYER A2B45450 EAZLCO0Z F3314CCS 300000F3 81F4E0S3 63404368 SFEAEEQZ DEFOODFE EFOSE1DF v
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FOP Receiver MADOCA Decoder
LB - CFG [Config) - GMSS [GMSS Config) LIB - CFG [Config] - GNSS [GMSS Config)
Channels Channels
D GMSS Configure  Enable  min = Signalz |0 GMS5 Configure  Enable  min mas Signalz
0 GPS v v s 16 W LICa 0 GPS [~ I ¥ [
1 3BAS ~ N (T (I = T SBAS u S i (R
2 Galleo v v 10 |18 W E1 2 Gialilen N - o [ B
3 BeiDou v v o4 5 v B 3 EeiDiou N - o [ B
4 IMES N [~ o [i u 4 IMES N - o [ B
5 0255 v V|0 4 v LICKs [ 5 Q255 v v |0 54 I [~
5 GLOMASS v v |3 12 [V LIOF B GLOWASS [ - |0 [ u
7 IRMSS 7 IRMSS
Mumber of channels available |EE| Mumber of channels available |E:|:|
Mumber of channels to use |E|:| | Auto zet Mumber of channels to use |E:|:| | Auto zet

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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Satellite System and Signal Settings

HEK

(; ’ THE UNIVERSITY OF TOKYO

FOP Receiver MADOCA Decoder
— Basic Advanced — Basic Advanced
D System Enable Signals Control 1D System Enable Signals Control
0 GPS I~ FLca Tuec Foee [0 0 GPS v Cuces Cuc Fee s
1 seas I M LiC/ 1 seas I [ g
2 Galil r ™ Ef ™ ES T Est [ EE
2 Gdilee ™ WEl IE: WE®w [EE =es :
3 BeiDou [ ™ Bl T eic [© B2 [ B2a
3 BeiDou W v B1 C eic | B2 T BZa
4 IMES r ™ L1
4 IMES r ™ L
5 QZ55 v Fuces CLUc [ LUs Wee [
5 Q755 v WLcsa e T Lus Mree L
6 GLONASS ™ L1 I voc e L3
v v L1 Lo W L2 L3
6 GLONASS W 2 r 2 r . anss T - L5
7 IRNss ™ L5
Show Hex

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp

Slide : 25



Csi
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MADOCA Correction Data Output
Received D|rect|v from QZSS L6E Channel

The University of Tokyo

e

[14:27:59.510]

[14:27:58.559] 0000

0010
0020
0030
0040
0050
0060
0070
0080
0090
00A0
0oBo
QOCoD
0aDo
QOED
QOFD
0100

0000
0010
0020
0030
0040
0050
0060
0a7o
0080
0090
00AD
0oB0
00COD
0oDo
OOED
OOFD
0100

ES
B8
FF
FF
D5
FF
7C D1
0c
10
20
B4
AR
o0
o0
a7
09

62
14
B9
OF
42
0o
2F
0o
6C
BF
54
24
AE
0o
0o
EG
FD

n:m
16
AE
F9
FF
41
EC
80
84
07
76
48
o0
o0
D3
Bl

02
0o
05
FE
ES
04
AD
0o
1F
30
7B
11
F7
23
0o
BEA
64

n:m
co
00
60
F9
FF
97
1C

lA
00
OF
AS
6F
Fa
FF
27
D8

CF
00
7F
DF
FF
01
ED
FF

lD
c4
79
03
FF
93
00
co
30

m:
ch
F8
BF
Bl
90
1E
FF
DE

g_.r
FF
98
F5
80
ZA
22
9E
FF
&0
9E
oo
oo
oo
7

55

D3
a7
FF
29
12
AS
9E
co
00
BF
F3
26
8D
00
00
02
AZ

12
D8
00
BF
35
FF
62
4D
36
00
8D
oo
oo
oo
BC
SB

0o
OF
o7
6D
0o
CF
D4
0o
ac
01

0A
10
FF
D8
43
FF
ES
F3
01

00
85
DC
04
71
ES
00
AF
B3
FE
95

pb S....]#.D.
5 O TN
d CA.. A@. Aya. yl

¥yc ..yy..m . M,
.- 404.Cq
yuny yuﬂ+ 51ya

%AYG1@ L:I wgﬂnﬁ
y..t th.g%.m..’
Y

E uﬁ §
bm Y@ %
Ee ﬂI Uuh ! g:
.afy” ¢.om" .0
f{f‘{ﬁ *. . c_yl
”u»yﬂﬁh 07y
O1.0x.°7.%....0.
L2, QLaEH ¢gM i
yT{ UIEB[ 80,7
a%$. .. _*=Id&: ~qq
_==1. A%, .d.
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[ ]
ype A: MAD-

MADOCA PPP based on RaspberryPi / Dual Frequency Receiver + MADOCA Decoder
il

" RaspberryPi 4 with
Touch Screen Display.__

.

RaspberryPi 4 MADOCA
Device Receiver

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 27
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Type B: MAD-WIN

The University of Tokyo

HEK

(; ’ THE UNIVERSITY OF TOKYO

B MainWindow

Connection Status Record

Rowver
(@ RX
Correction

(@) DX

Processing Mode

(@) PPP-Static

() Online

Setup

() Online (MADOCA) Setup

C:l PPP-Kinematic

Start/Stop

Connected

B MainWindow

Connection Status Record

Time 2020-01-21 10:07:20
Latitude -8.67568170°
Longitude 115.26015193°
Altitude  49.3549m

Solution PPP

Lat Error  1.306m

Lon Error  2.554m

Alt Error  0.909m

49
:: Ef 30

G1 G2 G14 32 G31

Connected

RET H':u':u R7G  G22 HE?’

The position accuracy improves to cm (10 — 30 cm) level after initialization time of about 15min.

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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Type B: MAD-WIN

Receiver: Online receiver access in Kashiwa / Correction Data: MADOCA Receiver in Bali

i MeinWindewA fter few minutes observation O

Connection Status Record

Time 2020-01-21 10:32:02
Latitude  35.90304319°
Longitude 139.93931172°
Altitude  92.955m

Solution  PPP

Lat Error  0.703m

Lon Error  0.556m

Alt Error  0.448m

45 24 37 41 47

42 50 42 43

G11 G16 G20 G21 G23 G26

Connected

et

Exit

G27

HEK

(; ’ THE UNIVERSITY OF TOKYO

=1 MainWindow - After two hours observation B %
Connection  Status  Record Exit
Time 2020-01-21 12:32:11 :
Latitude  35.90304075%
Longitude 139.93930535° 30
Altitude  93.485m Connection Status Record
Solution  PPP G q Time 2020-01-21 13:113:26
Lat Error 0.009m Latitude  35.90304075%
Lon Error  0.003m 2;'%‘ Longitude 139.93930597%
AltError  0.003m Altitude  93.464m

Solution  PPP

Lat Error  0.00&m

47 47 39 46 37 Lon Error  0.003m

Hnl - AlEror 0,002
G7_G& G9 G11G16G20G21G23G26G27 R76RS
Connected -
46 44 39 46 54 54 34 39 3
HEREmEE
G7 G8 G9 5113165205215235
Connected

= Meinwindow After three hours observation®

Exit

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp
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Type C: MADROID / MADOCA PPP based on Andr0|d
Dual Frequency Receiver + Online MADOCA Data

2259

2259

%, MADROID <& MADROID O\ MADROID
Connection USS8 - Connection USB - Connection USB -
Device mwtoo‘h C) 3 P - 0 Device - o
Format ubx - Format ubx - Format ubx -
Processing Settings Processin Sbf Processing Settings
Rover Mode PPP-Static v | Rover Mode rtem3 v | Rover Mode Single v
Elevation Mask 10 v Elevation Mask 10 v Elevation Mask PPP-Kinematic v

o o PPP-Static
TWIVP6000 _|| TWIVP6000 _|| TWIVP6000
0.0 Q oo Q0 oo o
NTRIP Settings NTRIP Settings NTRIP Settings
madoca.ntrip-mgm.net madoca.ntrip-mgm.net madoca.ntrip-mgm.net
2101 2101 2101
START ROVER START ROVER START ROVER
L] HH kN Lo HH kN Lo HH AN
o @ < <] @ < <] @ <

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp Slide : 30
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Type C:

MADROID / MADOCA PPP based on A

HEK

(; ’ THE UNIVERSITY OF TOKYO

ndroid

Dual Frequency Receiver + Online MADOCA Data

1434

\

<% MADROID
Connection USB
Device u-blox GNSS receiver
Format ubx

Processing Settings

Rover Mode PPP-Static

Elevation Mask 10

TWIVP6000

NTRIP Settings

MADROID

| UTC Time: 0527.17
v | Lattude 3590202657° N

| Longitude: 139.93857226° £
| Empsoidal Height: 59 349m
| Orthometnic Height: 21 .385%n

- Q) | Speed 015 kmv
| Fox type: PPP
| Satelites n view: 13
| Satelites nuse 13
- | POOP. 3.4
’NOO" 18
NDOP. 3.0
e
. xo ® ~
ol
- -
w o
e
3
~t
e
o
o
ne*

mgdoca.mﬁp—mgm.net
2101
MDCO
START ROVER

<

T Cratiyn
Setup Status

. .
. a
| II
® 0 n i 2

Skyplot Setup

- w
- I |
I - I
II
» » » " »
' .~ ~ ~ (5 ~

“ N

Satus Skyplot

@ “

1434

% MADROID

Date: Dec 25, 2019

Time: 053417

Latitude: 35.90202310°
Longitude: 139 93857932"
X: SAN 4042716.762m E

Y: 54N 3973601.765m N
Ellipsoidal Height: 59.848m
Orthometric Height: 21.884m
Fix Type: PPP

Speed. 0.11 kv

HOOP: 1.9

VDOP: 3.0

PDOP.35

Satelines in View: 13
Satelites in Use: 13
Latitude Error: 0.19Tm
Longitude Error:. 0.17Tm

~

Altude Error: O

104m

NMEA: 2019.12.25.14_28_19.1x1(201KB)
UBX: 2019_.12_25.14_28_19.ubx{1M8)

STOP RECORDING

e -

Status

a O

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@csis.u-tokyo.ac.jp



Csi

Center for Spatial Information Science

The University of Tokyo

O

)

>
‘;;::- Use. -
il
‘:“,““‘ -

TELEY

13
R

Position Data from MADQOCA PPP

We walked straight along the concrete tiles (30cmx30cm) and
PPP results showed perfect straight line. Accuracy is about 15cm.
Receiver : F9 + Online MADOCA Correction Data

| . |
. ,“ '2‘,- i

q_ | e T
"‘ o W ' 1'
|} . e
‘ ' = Ll
‘Il‘f’i"f{f” Ll \-v__d_‘.!‘ 5
i L2 W G N

|

i

y .‘ — -———*—'—_—j’ e
_ b A - g ~
~ < fa i
>4l o
| {. ] -
. - 4
¥ v '} ]
e ” =3 _ R ‘ el

=
B
. P
%
g W off]
5
v+
2
|
e}‘q
&
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';".":3 4
i
l A\
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| 'p
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MADROID PPP-AR with Local Correction Data

Test Area
GNSS Receiver Used
MADOCA Correction Data

Local Correction Data

: Tokyo

: u-blox FOP

: u-blox D9

(Received online via NTRIP Server)
: Service provided by GPAS

(Received online via NTRIP Server)

16:16

\,

&\ MADROID
UTC Time: 07:16:19

Latitude:

Longitude:
Ellipsoidal Height: 56.785m
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Date: Sep 15, 2020

Time: 07:16:23

Latitude:

Longitude:

X: 54N E

Y: 54N 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)
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Output from MADOCA PPP
Device: RaspberryPi
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MADQOCA PPP Observation
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MADOCA PPP at Kashiwa Campus
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MADOCA PPP at Kashiwa Campus
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Contact and Additional Information

* Homepage
* Main Page
* Webinar Page

* Training Data etc.
* Low-Cost Receiver
* Facebook

* Contact
e E-mail
e Skype

. https://home.csis.u-tokyo.ac.jp/~dinesh/

: https://home.csis.u-tokyo.ac.jp/~dinesh/WEBINAR.htm

https://gnss.peatix.com/

: https://home.csis.u-tokyo.ac.jp/~dinesh/GNSS Train.htm

. https://home.csis.u-tokyo.ac.jp/~dinesh/LCHAR.htm

: https://www.facebook.com/gnss.lab/

: dinesh@csis.u-tokyo.ac.jp

: mobilemap
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