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Webinar Information

e Webinar ID : MGA Webinar # 1
* Webinar Topic :

* Very Cheap RTK Receivers: Changing the Landscape of Positioning Services

 Date:
e 11th MAY 2018 Friday, Time : 18:00 (JST) 09:00 (UTC)

e Duration : 45min + 15min (Q/A)

* Resource Person :
* Dinesh Manandhar, Associate Professor, The University of Tokyo

* Registration : https://gnss.peatix.com

e Further Information:
* http://www.csis.u-tokyo.ac.jp/~dinesh/WEBINAR.htm
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e What is the Price of a GNSS Receiver?
e S10? S100? S500 $1,000 $3,000 $S10,000 or more?

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

* But,
 What is your budget?
 What Accuracy do you need?
 What type of applications are you using?

 How do you log the data?
 Static Mode on a Tripod
 Dynamic Mode on a Car?

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

* Multi-frequency
L1/L2/L5/L6
G1/G2
E1/E5/E6
B1/B2/B3

* Multi-system

* GPS, GLONASS, GALILEO, BeiDou,
QZSS, NAVIC, SBAS etc

* Price varies from S3, 000 to $S30,000
or more

L5/E5/B2/L3

L2 L6/E6/B3

5K
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L1/E1/B1

1176.45 MHz 1227.6 MHz o coan TTSAZNRE
M-Code Code
L5+ BOC(10,5), A
<o - BOC(10,5) LiC
: ) } Y L
L5-Q L2¢ ﬁ/ﬁac.q
BPSK(10) BPSK(1) TMBOC(6,1,4/33)
1602.0 MHz
1246.0 MHz
. GLONASS —= GLONASS
P-Code P-Code
e BPSK(5.11) BPSK(5.11)
@ GLONASS GLONASS
C/A-Code C/A-Code
FOMA BPSK(0.511) BPSK(0.511)
1248.06 Mhz 1600.995 Mhz
1176.45 MHz 1202.025 MHz L20¢ e M L10c
Fe.  L5OC- L30C4 BPSK(1) L1oci BPSK(1)
@ Boc(1,1) ' l BOC(1,1)
L20CM L10CM
Proposed
COMA 5060 PR BOC(5,2.5) BOC(5,2.5)
1575.42 MHz
1176.45 MHz  1207.14 MHz 1278.75 MHz s
AItBOC(15,10) E6,, E6, SR
ES5a-l ES5bd BPSK(5) CBOC(6,1,1/11)
ES, E1,
E5a-Q ESb-Q BOC,_(10.5) BOC__(15,2.5)
1207.14 MHz 1268.52 Mhz 1561.098 MHz
B2 (0S) B3l (AS) 8141 (0S)
BPSK(2) BPSK(10) BPSK(2)
COMPASS
Pl B82-Q (AS) B3-Q (AS) B1-Q (AS)
BPSK(10) BPSK(10) BPSK(2)
1575.42 MHz
1176.45 MHz  1207.14 MHz 1268.52 Mhz
AIBOC(15.10) 5210 (0) : BIAS) B1-C
B2a-D(0S BPSK(10) MBOC(6,1,1/11)
B3-A(AS) o
- e i . BOC(14.2)
COMPASS,
oen B3(AS)
B2a-P(0S) B2b-P (0S) BPSK(10)
1227.6 MHz 1575.42 MHz
1176.45 MHz Le | 1278.75 MHz
t‘l"“}r( 10) ol BPSK(S) ‘} ‘M L1C4
§= d | 1] | BOC(1,1)
® ) /ﬂ N . A A
azss L5-Q W
’BPSK[10)
1176.45 Mhz
IRNSS SPS
= BPSK(1)
® IRNSS RS
BOC(5,2)
IRNSS \]\ \/\ \/\
ES5/L5 Band L2 Band E6 Band E1/L1 Band
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* Multi-System

Low-Cost Recelvers

* GPS, GLONASS, GALILEO, BeiDou, QZSS, SBAS etc
* Basically Single Band

* L1-Band

* \Very soon: Multi-System, Multi Frequency, L1/L2 or 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
* The price of module itself is less than $100

*Note: Only one signal type from each system is processed
e.g. GPS has L1C/A and L1C in L1, ,but only L1C/A is used in Low-Cost Receiver

e
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Our Definition of Low-Cost Receiver

* Price : $100 or less
* Accuracy : Better than 100cm
* Weight : Within 100gm

$100x100cmx100gm
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New Emerging Applications

e ITS * Timing Application
» |TS-Station (infra on the road side) * Internet
* ADAS * Financial Institutes
e V2X, V2I * Power Grids
* Public Transport Monitoring * Logistics Services
* Traffic Congestion * Emergency Services
e Public Safety and Security * eCall / ERA GLONASS
* Driver’s Behavior Monitoring  SAR (Search And Rescue)
* Toll Charge * Construction Management and Monitoring
* ERP (Electronic Road Pricing)
. _ * Aviation
* Precise Agriculture « SBAS
* Drone Mapping e Marine
* Direct Geo-referencing . VMS, AIS

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp |:>@
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Many Applications require
Low-Cost, Small-Size & Low-Power
Recelver System




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

e
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How Accurate is GPS?

e
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Figure 5-1 Global Vertical Error Histogram

Verticle Accuracy : 3.872m @ 95%Cl @ Location A 3 5a40T ,
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Global Accuracy Standard:
Better than 12.8m at 95% CI Global Average URE
Better than 30m at 99.94% Cl Global Average URE

URE: User Range Error =» Pseudorange Accuracy
Ref: https://www.gps.gov/technical/ps/2008-SPS-performance-standard.pdf
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Question?

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

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp |:>@
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GPS Position Accuracy: From few meters to centimeter

ORI= 35.666342230° 139.792210090° 59.7350m! e R L bl ORI= 35.666342230° 139.792210090° 59.7350m
AVE=E:-0.2368m N: 1.1001m U:-0.6957m ';ngi','g'glzggg 23 g'gigf’; 3; géggg: AVE=E:-0.0000m N: 0.0002m U: 0.0028m
STD=E: 0.7813m N: 0.8869m U: 1.8977; v s X2 - STD=E: 0.0017m N: 0.0015m U: 0.0039m

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

“ 750 cm grid 0.cm 50 cm grid — 5 cm grid

SPP (Single Point Position) DGPS (Differential GPS) RTK (Real Time Kinematic)

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp |:>
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Errors in GPS Observation (L1C/A Signal)

One-Sigma Error, m
DGPS

Error Sources

Total
Satellite Orbit 2.0
Satellite Clock 2.0
lonosphere Error 4.0
Troposphere Error 0.7
Multipath 1.4
Receiver Circuits 0.5

If we can remove common errors, position accuracy can be increased.

0.0
0.0
0.4
0.2
1.4
0.5

Comments

Common errors are
removed

Common errors are
reduced

, B BUK

(¥ THE UNIVERSITY OF TOKYO

Common errors are: Satellite Orbit Errors, 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

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp
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ow to Remove or Minimize Common Errors?

Use Differential Correction

SN

[X]error = [X]known - [X]measured /I\({Il,l Send correction Data to Rover
A For Real-Time Position \
Base-Station For RTK, both rover and base receivers R r
Antenna is installed at a need to use the same satellites User in the Field
B -station Ant iti 141 . . .
<holl be known in advamee | Known-position (Either fixed or moving)

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp |:>
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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 ;«. ,nl will also be provided
Satellite Clock Error of GPS and Other Satellites /ﬂ P
.'I IH.:'|
o\
Rover

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp |:>@
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Low-Cost Receiver System : Type A

Real-Time or Post-Processing RTK, Base and Rover Mode

Tablet
GNSS Antenna Rover RasPi

T AeP

BT Ver. : 1.0
Raspberry Pi 3B —
g GNSS Receiver —> >
- |“"||f‘ ™
ﬂ =

WiFi
U-blox M8T

Send RTCM Correction NTRIP

data for RTK to Receiver
Caster

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp |:>
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Low-Cost Recelver System: Type B

Post-Processing RTK, Rover Mode Only

GNSS Antenna Rover

g4 GNSS Receiver

U-blox M8T

Raspberry Pi Zero w/WiFi&BT

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp |:>@
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" Low- Cost Receiver System : Type C
Real-Time or Post-Processing RTK, Rover Mode Only

GNSS Antenna Rover

Tablet
N . i Send RTCM Correction
SN \ data for RTK to Receiver
R WiFi
U-blox M8T (Internet) -

NTRIP
Caster

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp |:>
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Low-Cost Recelver System : Type D
Real-Time or Post Processing PPP, Rover Mode Only

GNSS Antenna Rover

RTCM and/or SSR
PPP-RTK
Tablet e.g. MADOCA Service

GNSS MADROID

Receiver

APP
Ver.: 1.0

TBD

MADOCA
Correction
Server

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp |:>
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" tow-Cost High-Accuracy Receiver System

TYPE A Type A: Low-Cost, High-Accuracy Receiver System TYPE B Type B: Low-Cost, High-Accuracy Receiver System

Real-Time and Post-Processing, Base and Rover Mode

For Post-Processing & Rover Mode Only

Tablet

GNSS Antenna Rover RasPi

TYPEC

al WL GNSS Antenna Rover
BT Ver.: 1.0

Raspberry Pi Zero w/WIiFi&BT
Raspberry Pi 3B

ml&ll“’l \

GNSS Receiver WiFi
U-blox Neo-M8T RTCM for NTRIP GNSS Receiver
RTK Caster U-blox Neo-M8T
Type C: Low-Cost, High-Accuracy Receiver System TYPE D Type D: Low-Cost, High-Accuracy Receiver System
Real-Time and Post-Processing, Rover Mode Only Real-Time and Post-Processing, Rover Mode Only
GNSS Antenna Rover GNSS Antenna Rover RTCM and/or SSR
PPP-RTK
Tablet e.g. MADOCA Service
RtkDroid RTCM for e
APP \ RTK
Ver.: 1.0
GNSS Receiver WiFi GNSS Receiver MADOCA
U-blox Neo-M8T U-blox Neo-M8T Correction

Server

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp
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e ey of o ow-Cost Receiver Systems

Receiver System

RTK
Processing

User

Interface

Correction
Data Format

Engine

21(')V1P8€£3 GNSSAM?ERW BT Real-time RTK Base or Android NTRIP
d . . Raspberry Pi 3B Device Server or RTCM 3
Beta Ver. —— v S Base and Rover Setting Rover APP: RTKPI VRS (future)
Ava | Ia b I e U-blox Neo-M8T >
GNSS Antenna Rover Raspberry P|
Type B -
VA B
2018 Q3 Log Raw Data for Post- ero/W|F|& T Post- RINEX
: Option: Rover Only None . .
Beta Ver. processing RTK . processing User Defined
. , RaspberryPi
Available s Racelver Camera
Type C = Real-time RTK AD”edvri‘Z'ed NTRIP
2018 Q3 el o ™ Simultaneous Log of Android Device  Rover Only s, Server or RTCM 3
Beta Ver. Britmadl e :
Available "@ Raw Data RTKDROID VRS (fUture)
GNSS Antenna Rover RTCM and/or SSR .
Type D oy BT Real time PPP _ MADOCA  MADOCA
2018 Q4 oo Based on MADOCA Android Devi R onl APP: c i . ¢
_ = N Correction Data from ndroid Device over Only MADROID orrection orma
Development e e Wi Data Server  Future: CLAS
in Pipeline Internet

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp
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Low-Cost High Accuracy System : Type A

GNSS Antenna

A

Rover Unit (User)

GNSS Receiver
U-blox M8T

GNSS Rover Unit USB Cable
(User in the Field)

. Tablet
RasPi APP for RTK RasPi

SW Maps for GIS
Data Input

Low-Cost RTK System

Base-Station

GNSS Antenna

v

GNSS
Receiver

}i

+— NTRIP Caster —>

[
»

<«— GNSS Base-Station —

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp
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RTK-Pi APP for Low-Cost RTK System

N A s

RtkPi

CONMECTION

* @

RtkPi

CONMECTION

ANNNG 3

RtkPi

SETUP BASE CONNECTION STATUS

93 Q@ v E10:59

&

SETUP BASE SETUP ROVER

Satellites Rover Mode Latiude: 43.873416°
Ls tude: 2. 2944800
O GPS+ Q233 @ Autonomous h?{‘r\?':ho:133b??n:
Flx 1 Autor 5
(®) GPS + GLONASS + 0ZSS O ik Fix type: Autonomas
PDOP: 20
() GPS + BEIDOU + Q2SS Satellites :nngjf :? !
NTRIP Settings O ops+azss a w
Aadiess (8) GPS + GLONASS + Q78S
202 xxx.x%.%4 _ _
- () GPS + BEIDOU + 0Z5S P 14
: 300" &0
5000 NTRIP Settings
153.121.59.53 h
t1 = :
' 2101 w ] L Y
1234 -
Base Station Position
La L
280 20
.
Longi
.
ne 150
Elevat
53 45 4 49 4 S om
WMEA: 2017_07_27_22_58_48 nmea, Size: 24KB
UBX: 2017_07_27_22_58_48.ubx, Size; 95KB
STOP RECORDING

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp
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Board Computer for Low-Cost RTK System

Raspberry Pi 3B for Raspberry Pi Zero w/WiFi & BT
Real-time and Post-processing RTK for Post-processing RTK

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp |:>
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Accuracy from Low-Cost RTK System

GNSS Antenna Rover

e

BT § ORI=35.661362852°N '139.678138802°E 116.9180m
AVE=E: 0.3560m N:-0.4158m U: 0.1794m
Raspberry et RMS=E: 0;3564m N: 041600 U 0.5095m 25 1.0955n
#=F ¢
GNSS Receiver WiFi
U-blox Neo-M8T Q
Rover-Station: g
Receiver: u-blox M8T £
o LN
Antenna: Zephyr 2 5
Computer: RaspberryPi 3B+ <
Distance between Base and Rover : about 12Km i
z " 5cm >
Base-Station: o
. . § —
Receiver: Trimble NetR9 o) 0.31 0.32 0.33 0.34 0.35 0.36 0.37 0.38 0.39 0.40

Antenna: Zephyr 2

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp |:>@
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é- 2017_09_15_17_27_13.ubx - u-center 8.24 - [Messages - UBX - RXM (Receiver Manager) - RAWX (Multi-GNSS Raw Measurement Data)] — O >
@ File Edit View Player Receiver Tools Window Help - 8 x
ODE&E & 2 n 13 L I e |
2l Ea E0EE~EB~E~m~ | BE A w N w | Ly
NMEA ~ .

LB - RxXM [Receiver Manager) - RAWX (MUlt-GNSS Raw Measurement Data) 15

H-RTCM3
= UBX _ LocalTime | 1966:462474.993000000 o]

- ACK (Acknowledge)

B2 AID (GPS Aiding) Leap seconds ‘ 18 (WALID) [5]  Clock reset ©

B-CFG (Config) SV_ | Sign..] GJ Pseudo Ra... | Carrier Pras... | Doppl..] Loc.. | S.. | PR.. |CP.. |DO..| P C.lH]

BI-ESF (External Sensor Fusion] GOB L1C/A - 1844010375 9680340086 147 BI000 43 032 0004 0BI2°vevyey

B HNR (High Navigation Rate! G13 LICis - 1860185088 9775337960 10146 59000 43 032 0004 0512° Y° Y2 Y.

£9 01 A

GO0z L1GKA - 1867326987 97603139.07 -20666 BA000 46 032 0004 0BI1ZeY@Yyey.

INF (Information) G30 L1C/A - 1985087675 10436437567 976 BS000 44 032 0004 0B12°Ye Yoy

1
|
A7 A

B-LOG (Data Logger) G20 L1CKA - 2043047914 10736288060 21330 59000 42 032 0004 0BIZ®YeYe Y.
BI-MGA (Multiple GNSS Assist; G156 LIGKA - 20771676.02 10916634983 24084 59000 46 032 0004 0BIZeYeyey.
- MON (Moniton G20 LIGKA - 2090377852 10985008547 -11651 59000 44 032 0004 0B1z°evyeyey
! GDE LICKA - 21631909.01 11367644645 -30904 59000 38 064 0004 0BIZ® Yo Yo Y.
H-NAV (Navigation) 5120 L1C/A - 3606643095 18427664707 4266 49000 33 032 0004 0BIz®vevwey .
B-RXM (Receiver Manager) EO5  EIC - 2134408507 11218392852 -6625 59000 456 032 0004 0BI12°Yyevey
ALM (Almanac) E22  EIC 2008205372 105531895.04 -1088.8 BI00D 44 032 0004 0BIZ°YOV2 Y.
! v “ E03 EIC - 23606086881 12362617826 10962 GO000 40 0382 0004 0Blzevyevey
EPH (Ephemeris) E0S EIC - 2168285780 11341867885 22225 BY000 40 032 0004 0BIZ°YOYe Y.
- IMES (IMES Status) Qe 2
- MEASX (Measurement C i Raw Data from Receiver
~PMREQ (Power Mode Re RO 2
S ran vessuemen | | 22 PSeudorange, Carrier Phase, Doppler etc
~-RAWX (Multi-GNSS Raw Al
R11 LIOF 0 2013314384 107686397.10 20368 B7680 46 032 0004 DBIZ® YO V2 Y.
~RLM (Return Link Messar R17 LIOF 4 2006441986 10731622151 22603 B7680 45 032 0004 0BI2®Yevey
RTCM (RTCM input stat. RO2 LIOF -4 2080260083 10040673036 17508 G760 45 032 0004 0BI2°YOVe Y.

SFRB (Subframe Datal ROO LIOF -2 2287043266 11046677221 -31196 G7660 36 064 0004 DBIZ® YO V2 Y.
W HHETTE etkd) 5137 L1CiA - 3606650325 18427672238 -4269 35000 39 032 0004 0B12°vyevyey
~SFRBX (Subframe Data I Qo2 L1CA 35066132.73 18427377071 340 860 42 032 0004 0BIZCYOYEHN.
SVSI (SV Status Info) E24  EIC - 2272120902 11040076685 19207 BI000 37 032 0004 0BI2eYeYve Y.
) 5128 L1C#A - 3760958424 19763970085 -4198 54000 38 064 0004 0B12° Yo Yoy

[l
i}

H-SEC (Security)

GO7 L1CA 2158758086 113443614.44 23562 bHA000 41 032 0004 0BIZ®YeY® Y.,
B-TIM (Timing) . o
4 >
@ | x Erd e | [
Ready u-blox M 2 No port of & 2017 09 15 |NME#00:00/08:27 #

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp |:>
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Data from Low-Cost RTK System

6‘- 2017_09_15_17_27_13.ubx - u-center 8.24 - [Messages - UBX - RXM (Receiver Manager) - SFRBX (Subframe Data NG)] — O X
@ File Edit View Player Receiver Tools Window Help - 8 x
DE =~ & A m Brlvew b ———— 3
Bl E EDEDE~ BE~E~im~ BE a6 w I ow |V N
B+ NMEA ~ _
UBX - RXM [Receiver Manager) - SFRBX (Subframe Data NG 18
H-RTCM3
## denotes data received on subChn [ strip Parity Bits
B AID (GPS Aiding —
L sV MSG DATA (* denotes invalid words)
- CFG (Config) GAL 3 EIB 0 EO 00955555 55555555 55555555 4EB9C000 83274000 00000022 AARAG32E B7BF4000
[~ ESF (External Sensor Fusion) GRL 5 EIB 0 EO 00855555 55555555 55555555 4EBSC000 83A74000 0000002R RARAG3IZE B87BF4000
) o . GAL 9 EIB 0 EO 00855555 55555555 55555555 4EBSC000 83A74000 0000002A AARAG3ZE B87BF4000
B-HNR (High Navigation Rate) GAL 22 EIB 0 EO 00955555 55555555 55555555 4EBSC000 83A74000 00000022 AAAAG32E STBF4000
INF (Information) GAL 24 EIB 0 EO 00855555 55555555 55555555 4EBSC000 83274000 0000002R AARAG3ZE 87BF4000
, . GLO 1 LloF 1 14 1/3156 752856E0 SDT06C4E 0R4BO0OD
#-10G (Data Logger) GLO 2 L1OF -4 14 1/3156 752856E0 SD706C48 0A4B0O000
H-MGA (Multiple GNSS Assistance) GLO 8§ LIOF 6 14 1/3156 752856E0 SDT06C48 0R4BO00O
- MON (Monitor) GLO 9 L1OF -2 14 1/3156 752856E0 SD706C48 0A4B0000
\ / GLO 10 LioF -7 14 1/3156 752856E0 SDT06C48 0A4B0000
H-NAV (Navigation) GLO 11 L1OF O 14 1/3156 752856E0 5D706C48 0R4BO00O
£1-RXM (Receiver Manager) GLO 17 L10F 4 14 1/3156 752856E0 5D706C48 0A4B0000
GLO 23 L10F 3 14 1/3156 752856E0 5D706C48 0A4B0000
- ALM (Almanac) Lo 24 Tior 2 14 1/3156 752856E0 5D706C48 0A4B0O000
~EPH (Ephemeris) GPs 2 LiC/R 0 2 22C3AE0B 25A34ABE OE3DSBDS BD7EF996 BOOED3CE 3DB44210 2EDCDCSR §402ES75 832C83CE 1C909FTC

GPS :8093EC

- IMES (IMES Status) Navigation Data from Receiver F209E2E

- MEASX (Measurement Data) GPs
ces 1309FF0

-purea pover vode Reques | o5 [ncludes Satellite Ephemeris Data, Satellite ‘Clock Data etc e

- RAW (Raw Measurement Data) GPS 1S09FTC
AR ; . . GBS 29 Licra u LZAU3ARUB A35AJ9ABE ULBF1DEU UBDADYAA AUDATODS S 3F1EOUZLY DUFDCS S S ULAYOOS4 ) USZLZZUDLDO Ll_:9094?8
- RAWX (Multi-GNSS Raw Measu GBS 30 LiC/A 0 2 22C3LE0B 25A34ABE 0AS05139 BDOB6FOB 01C4A%60 00238048 246C1FDY 85416853 0343752B 1CO0SF2ZF
RLM (Return Link Message) gzss 1 Lic/a 0 2 22C0RA24 25234254 104594F43 067AG2DE SATBAABS S4AB4SA3 1D0S554C4 0AF1F2AF 3BCOSDFD SCS585FCT
r o 0zSs 1 L1SAIF 0 50 S3CACT67 E0000070 31027FDD FDSFDSFE S02F0000 00000000 00000000 3234C0A6
-~ RTCM (RTCM input status) Qzss 2 Lic/Aa 0 2 22C0AAB1 ASA3524F 107D9E77 037ECC21 BCASFE77 37294966 BSTBCLLD 879B728F 3B22D0BL SC585F94
- SERB (Subframe Data) Qzss 2 L1SAIF 0 50 53CAC767 E0000070 31027FDD FDBFDEFE S02F0000 00000000 00000000 32%4C0A6
SBAS 128 LiC/A 0 3 S30D9FFF FFSFFDFF COL1FFCO 00001FFD FFCOOTFF JFF797BS BYSBBALE B71493A6
B SFRBX (Subframe Data NG) SBAS 129 Lic/A 0 25 536611C7 EBFDCOSF EC7FFES1 7FSDBAB0 00000000 00000000 00000000 0DED0226
- SVS| (SV Status Info) SBAS 137 LiC/A 0 25 536611C7 EBFDCOSF EC7FFES1 7F9DBAS0 00000000 00000000 00000000 0DED0226
- SEC (Security)
B-TIM (Timing) v
< >
& X By il | [
Ready u-blox M [#* No port ojE 2017_09_15_|NME£00:00/08:27 #
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One Hour RTK Post-processing, Static, Tokyo
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Future of Low-Cost GNSS Receiver Systems
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Futu re of Low Cost GNSS Receiver System

* |oT, ITS, UAV and many other location data related markets
are driving the receiver manufacturers to produce low-cost,
high-accuracy and better performance receiver systems even
in difficult environments.

* Manufacturers are also moving towards low-cost, high-
accuracy and better performance receivers systems to meet
the demand from location business.

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp |:>
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hy Manufacturers are going for Low-
Cost, Dual-Frequency Systems?

The figure shows that many GNSS signals are crowded
either in L1 or L5 bands.

All GNSS have at least one signal either in L1 or L5 band
L5 signals are stronger than L1 signals by few dBs

L5 signals performs better than L1 signals in difficult
environment like urban area, forest or semi-indoor

L5 frequency spectrum is reserved and protected for RNSS

All these may lead receiver designers to focus on L1/L5
Dual Frequency Receiver rather than L1/L2 receiver

Source: http://www.navipedia.net/index.php/File:GNSS_All_Signals.png
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L5/ES satellite launches have
sped up in 2015 and 2016

Now, there are enough LS5/ES
satellites that it is worth using
a dual frequency receiver

Why Dual Frequency now?

Urban
Canyon

minimum

Open Sky
minimum

L5/ES 10MHz Satellites

NM .
"
0
]

# QZSS mGalileo
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Source : Broadcom
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Broadcom already announced Dual-Frequency GNSS chip

47755 also uses
LS frequency
GPS LS
GAL ESa GAL ESb
IRNSS BDSB2 GPSL2

La st & L8 L L2

E A N e LY T 1

A

|

Current multiconstellation chips |
use L1 only

GPS L1
BDS B1 GAL E1 GLO L1

1207.14

1176.45 +/- 2.046MHz"
Chipping rate: I
+- 10.23MHz "

1207.14
+- 10.23MHz

12276

&\ | +1- 1.023MHz
h,"l
h&

1561.098
+/- 2.046MHz Chipping rate:

: 1575.42 ! 1601.71875
+- 3.91175MHz

+/- 1.023MHz

——

127542
+/- 2.046MHz

Source : Broadcom
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Multi-Band GNSS Receiver from u-Blox

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

ZED-F9P module

u-blox F9 high precision GNSS module

Multi-band GNSS receiver delivers
centimeter level accuracy in seconds mx

* Concurrentreception of GPS, GLONASS,
Galileo and BeiDou

¢ Multi-band RTK with fast convergence times
and reliable performance

* High update rate for highly dynamic
applications

* Centimeter accuracy in a small and energy

ZED-F9P

ZED-F9P module /17 x22 x 2.4 mm

efficient module
* Easyintegration of RTK for fast
time-to-market
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Trimble’s Catalyst System

Trimble provides low-cost hardware
But, you have to pay for Subscription-based Software Service

Trimble Catalyst

Catalyst transforms Trimble's core GNSS technology into a
subscription-based software service for your mobile device.
Now you can plug the Catalyst DA1 Antenna into your Android
phone or tablet's USB port, download Catalyst enabled apps
(purchased separately), and get the accuracy you need, when
you need it.

. Contact Distributor to Purchase

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp |:>
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Smart-Phone GNSS for High-Accuracy Position

* Android Smart-Phone devices provide GNSS Raw Data
* Android OS Nougat (7.0) and higher output GNSS Raw Data

* GNSS Raw Data are necessary for RTK Processing
* Pseudorange, Carrier Phase, Doppler etc.

* It’s possible to do RTK with Smart-Phone device
* The only problem is Antenna

* An accuracy within One Meter from Smart-Phone device will
revolutionize Location Business

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp |:>
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TTGNSS raw data on Android devices opens up

a range of possibilities and opportunities

Dive deep to understand your users

Where you are

0

Places API

Give your users contextual
information about where they are,
when they're there. Access detailed
information about 100 million places
across a wide range of categories.

Geofencing

Geofencing combines awareness of
the user's current location with
awareness of the user's proximity to
locations that may be of interest.

Fused Location Provider API

Get location data for your app based
on combined signals from the device
sensors using a battery-efficient APL

Source: https://developers.google.com/location-context/

4

0))

What you're doing

Google Fit Platform

Enable your users to record their
fitness activity and track their fithess
and health goals. Fit is a universal
platform that lets users access their
fitness data across multiple apps.

Activity Recognition API

The Activity Recognition API
processes low power signals from
multiple sensors in the device to
accurately detect your users’ current
activity.

Sensors API

Access raw data from all device
sensors, as well as fused
information from multiple sensars.

What's nearby

»3

¢

Nearby Messages

Allow your users to find nearby
devices and share messages in a
way that's as frictionless as a
conversation. Enable rich,
collaborative group interactions.

Nearby Connections

Discover other devices nearby and
create connections that enable real-
time cross-device experiences.

Nearby Notifications

Nearby Notifications is an upcoming
feature for contextual discovery.
Associate your website or app with
beacons, to provide low-priority
notifications when scanned by
devices that are nearby.

e
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Some Useful Softwares

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp |:>@



(CSi§ Cerer for spatialinformation scence Cp BEK
Useful Software for GNSS

RTKLIB

* Software for RTK Data Processing
* Real-Time or Post-Processing
* Data Format Conversion
* Evaluation and Analysis of Data
*  www.rtklib.com
* Please Joint Next Webinar on 1t June and 8" June to learn details about RTKLIB
* Registration at https://qgnss.peatix.com (Free)

SW Maps
* An Android APP useful for GNSS Data Logging for GIS Applications
* Basically, a GIS data input App. More than 50,000 downloads
* https://play.google.com/store/apps/details?id=np.com.softwel.swmaps&hl=en_US

RTKDroid

e Android APP used for RTK with u-blox M8T or M8P receiver
* Connect u-blox receiver to an Android device using a OTG cable
* Will be provided to webinar participants if they would like to test and evaluate

u-Center
* Software from u-blox to log GNSS data in Windows or Android OS
* Can be used with non-u-blox receivers as well to log data
* Very useful to log GPS data in Android device

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

Please visit websites

For Webinar: http://www.csis.u-tokyo.ac.jp/~dinesh/WEBINAR.htm
https://gnss.peatix.com

Contact:
dinesh@iis.u-tokyo.ac.jp

Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp |:>


http://www.csis.u-tokyo.ac.jp/~dinesh/WEBINAR.htm
https://gnss.peatix.com/
mailto:dinesh@csis.u-Tokyo.ac.jp

