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High Accuracy Receivers are Expensive

* High-Accuracy Survey Grade Receivers are multi-frequency
and multi-system receivers
e L1/L2/L5, G1/G2, B1/B2/B3 etc
* GPS, GLONASS, BGALILEO, BeiDou, QZSS etc
* Price varies from $5,000 to $30,000 or more.

* However, Low Cost Receivers are also capable of
e Multi-System: GPS, GLONASS, GALILEO, BeiDou, QZSS, SBAS etc
e Currently only in L1-Band Frequency
* Low Cost: $300

* Very soon: Multi Frequency, L1/L5
* Broadcom already announced production of L1/L5 GNSS chip
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How accurate is GPS Position?

IORI= 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

".."50 cm grid e

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)

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)
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Errors in GPS Observation (L1C/A Signal)

One-Sigma Error, m

Error Sources Comments
Total DGPS

Satellite Orbit 2.1 0.0 Common errors are
Satellite Clock 2.1 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, Clock Errors and Atmospheric Errors (within few km)

Table Source : http://lwww.edu-observatory.org/gps/gps_accuracy.html#Multipath
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Principle of Differential Correction

L

I\ Send Correction Data to Rover \
M For Real-Time Position g ,«5&?
Base-Station  For RTK, both rover and base receivers Rﬁ er

Antenna is installed at a need to use the same satellites User in the Field

known-position (Either fixed or moving)
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Principle of QZSS MADOCA / CLAS Service

QZSS

7

Correction Data: @
Satellite Orbit Error of GPS and Other Satellites L 'Ju,l
Satellite Clock Error of GPS and Other Satellites IA\
.'f-" "'lI
/ Hi
Rover
6
Slide : 6

GPS

Correction Datj
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Low-Cost High Accuracy System

GNSS Antenna

A

USB Cable
GNSS Rover Unit

(User in the Field)

. Tablet
RasPi APP for RTK RasPi

SW Maps for GIS
Data Input

Low-Cost RTK System

[

<+«—— NTRIP Caster —
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GNSS Antenna

GNSS
Receiver

GNSS
Base-Station

<+«— GNSS Base-Station —
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N A s B « [ BNNNGe [
RtkPi RtkPi RtkPi
CONNECTION SETUP BASE CONNECTION SETUP BASE CONNECTION STATUS SETUP BASE
Satellites Rover Mode Latitude: 48873416
O oPs+Qzss @® Autonomous Eievation: 134 622m
@ O Fix typa: Autonomaus
GPS + GLONASS + QZSS RTK Satelites: 8
* X PDOP: 20
() GPS + BEIDOU + QZSS Satellites HOOP: 10 ;
NTRIP Settings O 6Ps +Qz8s nr o
Aadess (® GPS + GLONASS + QZ8S
202.300¢. 3.5 _ .
_ () GPS + BEIDOU + 0Z5S . 1
. -
5000 NTRIP Settings
e 153.121.59.53 i
1 ) 2
- 2101 w : 5 g aK
1234 =
Base Station Position
Latitude
2
o =

5 4 R r . 5, .
3 : n 2 1
NMEA: 2017_07_27_22_58_4B8.nme
UBX; 2007 _07_27_3
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o

Q%@ ¥ & 1059

&

SETUP ROVER
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Board Computer for Low-Cost RTK System

Raspberry Pi 3B for Raspberry Pi Zero w/WiFi & BT
Realtime and Postprocessing RTK for Post-processing RTK
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Accuracy from Low-Cost RTK System

GNSS Antenna Rover

g ORI= 35.661362852°N 139.678138802°E 116.9130m
AVE=E: 0,3560m N:-0.4158m U: 0.1794m
STD=E: 0.0162m N: 0.0138m U: 0.1083m
» RMS=E: 0,35649m N: 0.4160m U: 0.2095m 2D: 1.0955m
Rover-Station: 3
Receiver: u-blox M8T £
ol (Tp]
Antenna: Zephyr 2 5
Computer: RaspberryPi 3B+ .
Distance between Base and Rover : about 12Km )
z e 5cm >
Base-Station: .

i i ¢ —
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

Training on GNSS — Course (T151-30), Organized by: GIC/AIT, CSIS/UT and ICG, held at: GIC/AIT, Thailand from 14 — 18 JAN 2019 10 Slide - 10
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Data from Low-Cost RTK System

@ File Edit View Player Receiver Tools Window Help
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=-UBX

B ACK (Acknowledge)

fum]

AID (GPS Aiding)

fum

CFG (Config)

ESF (External Sensor Fusion)
-HNR (High Navigation Rate
- INF (Information)

il
.y e

funl

-LOG (Data Logger)

funl

-MGA (Multiple GNSS Assist:
-MON (Monitor)

NAV (Navigation)

RXM (Receiver Manager)

[T
[ e e o i

- ALM (Almanac)

-~ EPH (Ephemeris)

~|MES (IMES Status)

- MEASX (Measurement C

- PMREQ (Power Mode R¢

- RAW (Raw Measuremen
RAWX (Multi-GNSS Raw
RLM (Return Link Messa

-~ RTCM (RTCM input staty

-~ SFRB (Subframe Data)

- SFRBX (Subframe Data I

~SVSI (SV Status Info)

funl
jus

B SEC (Security)
B TIM (Timing)

< >
@ X EEd &
Ready

Training on GNSS — Course (1151-30), Organized by: GIC/AIT, CSIS/UT and ICG, held at: GIC/AIT, Thalland from 14 — 18 JAN 2019

~

o

LBX - FxM [Receiver Manager) - RAWN (MUlt-GNSS Raw Measurement Data)

Local Time:

1966:462474 9893000000 |[g]

Leap seconds |

18 (vALID) [g]

Clockreset T

SV
505
G138
G0z
530
G20
316
G29
G068
5129
EOS
E22
EO3
E09
Qo
RO1
R24
RO&
R23
R10
R11
R17
RO2
RO9
5137
Qoz
E24
5128
Go7

Sign

L1CHA
L1CA
LA
L1CHA
L1 CiA
L1CA
L1 CiA
L1 CiA
L1CA
E1C

E1C

E1C

E1C

L1 CiA
L1OF
L10OF
L1OF
L1OF
L10OF
L1OF
L1OF
L10OF
L1OF
L1CHA
L1CA
E1C

L1CHA
L1 CiA

G

Carrier Phas
96903400.86
97763379.60
97603139.07

104364373567

107362838069

1091865349 83

109850085.47

113676446 .45

164276647 07

11218392862

106631896.04

123526178 26

11347867885

19374146052
96214678 67
96335512.36

104792162 67

10478471366

106320328.70

10763639710

107316221 51

108406739.36

119456772 21

18427672238

18427377071

119400766 85

19763970085

113443614.44

Pseudo Ra

1844010375
18601800.38
18573259 87
198693876.78
20430479.14
2077157602
2090377852
21631909.01
36066490 95
21344085.07
20082063.72
23606068 91
2168285730
36B867TT2.19
17998958 08
1810873612
19669203.37
1958539863
19757836.25
20153314994
2005441986
20602600.83
22370432 66
3B066503.25
3b066132.73
2272120902
37609534.24
21b637636.36

Doppl
147
10146
-2065 6
-697.6
21330
24084
-1155.1
-3990.4
-4255
-662.5
-10838.3
1096.2
-22225
-242.0
-478.8
-1634.3
26233
-44756
27
29363
22603
1759.8
-511986
-4259
340
19207
-419.8
-2366.2

Loc
59000
59000
59000
59000
59000
53000
59000
59000
49000
59000
59000
53000
59000
860
57660
SR
G7GE0
57660
57680
57680
57680
57660
57660
35000
860
59000
54000
59000

S

PR
0352
0.32
0.32
0352
0.32
0.32
0.32
0.64
0.32
0.32
0.32
0.32
0.32
0.32
0.32
0.32
0.32
032
0.32
0.32
032
0.32
0.64
0352
0.32
0.32
064
0.32

CP

0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004
0.004

DO P C.H

0B12eyeyey,
0E12e Y2 yey.

gBlzeyeyey

0B12eyeyey.
0R12e Y2 yey,

gBl12eyeyey

gBl2eyeyey,
oBlzeyeyey,

gBlzeyeyey

gBl2eyeyey,
oBlzeyeyey,

gBlzeyeyey

gBl2eyeyey,
oBl1zeyeyen,

gBlzeyeyey

gBl2eyeyey,
oBlzeyeyey,
gBlzevyeyey,
gBl2eyeyey,

oglzeyeyey

oB12eyeyey.
0E12e Y2 yey.

oBl1zeyeyey

0B12eyeyey,
0B12°Y2 Yo N,

gBlzeyeyey

0B12eyeyey.
0R12e Y2 yey,
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A
AID (GPS Aiding)

## denotes data received on subChn

[ strip Parity Bits

DEZE « & A nm 12 W ¥
2R E B0 EDE~ BEvEM BE EDEEED TOF w I w | 55 =
[H-NMEA ~ )
LB - Ri<M (Receiver Manager) - SFREX (Subframe Data NG) 15
H-RTCM3
H-UBX

Dinesh Manandhar, CSIS, The Un

iversity of Tokyo, dinesh@iis.u-tokyo.ac.jp

. sV MSG DATA (* denotes invalid words)
CFG (Config) GAL 3 EIB 0 EO 00955555 55555555 55555555 4EB9C000 G3A74000 0000002A AAAAG32E B7BF4000
ESF (External Sensor Fusion) GAL 5 EIB 0 EO 00955555 55555555 55555555 4EBSC000 83A74000 00000022 ARAAG32E 87BF4000
o o i GAL 9 EIB 0 EO 00955555 55555555 55555555 4EBSC000 83A74000 00000022 ARARG32ZE 87BF4000
HNR (High Navigation Rate) GAL 22 EIB 0 EO 00955555 55555555 55555555 4ER9CO00 83A74000 0000002A AARAG3ZE S7BF4000
INF (Information) GATL. 24 EIB 0 EO 00955555 55555555 55555555 4EBSCO00 83A74000 00000022 AAAAG3ZE 87BF4000
LOG (Data Logger) GLoO 1 L1oF 1 14 1/3156 752856E0 5D706C48 0DA4BO0OD
(Lata Logger) GLO 2 LI1OF -4 14 1/3156 752856E0 5D706C48 0A4B000O
MGA (Multiple GNSS Assistance) GLO 8 L1OF 6 14 1/3156 752856E0 5D706C48 0A4B000D
- MON (Monitor) GLO 9 L1OF -2 14 1/3156 752856E0 5D706C48 024B0000
{ J GLO 10 L1OF -7 14 1/3156 752856E0 5D706C48 024B0000
F-NAV (Navigation) GLO 11 L1OF O 14 1/3156 752856E0 5D706C48 0A4B0000
= RXM (Receiver Manager) GLO 17 L1OF 4 14 1/3156 752856E0 5D706C48 0A4B0000
GLo 23 TL1oF 3 14 1/3156 752856E0 5D706C48 0A4BO000
-~ ALM (Almanac) GLO 24 LlioF 2 14 1/3156 752856E0 5D706C48 0R4BO0OOO
~EPH (Ephemeris) GES 2 Lic/a 0 2 22C'3AE0B 25A34ABB OE3DSBDS BDTEFSS6 BOOED3CE 3DB44210 2EDCDCSA B8402E875 832C83CB 1CS09FTC LLRLL LR
! GES S5 Lic/Aa 0 2 22C3AE0B 25A34ABB 033FF65A OCETD348 36E920B1 BFF58087 2A4E4660 05792861 831ESFS7 1C9093EC A0S FEER AR R RF S
- IMES (IMES Status) GPS 6 Lic/a 0 2 22C3AEQB 25A34ABE 1B3CCB64 (OBCFFEF7 37D36E26 BD3%4002 925EBE14 0437AB870 037FF228 1CS0SF2F
-~ MEASX (Measurement Data) Ges 7 Lic/a 0 2 22C3AE0B 25A34ABB 03404DD3 0C196FS58 02CFB2DY 802A4174 2ABFDAF4 0523E852 83729150 1C909478
: Gps 13 TLic/Aa 0 2 22C:3AE0B 25A34ABE 06002439 SCA2FBSA ADSOYETF6 8014C070 328B1F03 03482848 034DTBCA SCSOSFFO
~PMREQ (Power Mode Request) Gps 15 Lic/Aa 0 2 22C3AE0R 25A34ABB 17C07442 8F35037A BS63%CDC 0075C135 BYBDOGFE 82EBES59 8336425B 1CS0SF2F
~RAW (Raw Measurement Data) cps 20 TLic/a 0 2 22C3AE0B 25A34ABE OAB00B5% 8E01C218 21702E31 801D0098 14SC0D26 B576AB5D 8378DEDF 1CS09FTC
GES 29 Lic/a 0 2 22C3AE0B 25A34ABB 01BFISE0 0OBDAD92A ADAT6857 3FIES029 90F5C377 01A06847 03220618 10909478
~RAWX (Multi-GNSS Raw Measu GPs 30 Lic/A 0 2 22C3RE0B 25A34ABB 0AS0513% SDOBGFOR 01C4RSE0 00238048 246C1FDS 85416853 0343752B 1CS0SF2F
~RLM (Return Link Message) Qzss 1 Lic/a 0 2 22C0RR24 25A34254 10494F43 0GTAGZDE GATBARBS 84AB49A3 1D0554C4 OAF1F2AF 3BCOBDFD SC585FCT
i N Qzss 1 L1SAIF 0 50 53CAC767 E0000070 31027FDD FDEFDEFE 502F0000 00000000 00000000 3294C0A6
~RTCM (RTCM input status) Qzss 2 LiC/A 0 2 22C0AA81 ASA3524F 107DSE77 037ECC21 BCASFET7 3F294966 B57BC1ID 879B728F 3B22D081 9C585F94
SFRB (Subframe Data) Qz8s 2 L1SAIF 0 SO 53CAC767 E0000070 31027FDD FDSFDEFE 502F0000 00000000 00000000 3294C0A6
d SBAS 128 L1C/A 0 3 530DSFFF FF9FFDFF CO11FFCO 00001FFD FFCO07FF 7FF797BY B9SBBA16 B71493A6
H-SFRBX (Subframe Data NG) SBAS 129 Lic/A 0 25 536611C7 EBFDCOSF ECTFFES1 7FSDBAS0 00000000 00000000 00000000 0DED0226
-SVS| (SV Status Info) SBAS 137 Lic/A 0 25 536611C7 EBFDCOSF ECTFFES1 7FSDBAS0 00000000 00000000 00000000 0DED0226
H-SEC (Security)
- TIM (Timing) W
>
& | X 4 k| [ Friday
Ready S . ey, § 1 u-blox M %* No port of @ 2017 09 15_NMEZ|00:00 08:27)¢
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6‘- 2017_09_15_17_27_13.ubx - u-center 8.24 - [Messages - UBX - RXM (Receiver Manager) - SFRBX (Subframe Data NGJ)] — O X
|:—$ File Edit View Player Receiver Tools Window Help - =
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Type — R1: GNSS Receiver with RaspberryPi-3

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

Tablet

GNSS Antenna Rover RasPi

/ APP

Raspberry Pi 3B or -
BT
GNSS
Receiver - ﬂlﬁj"j “~

WiFi

Base-Station NTRIP
Data for RTK Caster

Type R1:
Base or Rover Mode

Real-Time and Post-Processing RTK
Based on RTKLIB Engine

2019/1/14 Training on GNSS — Course (T151-30), Organized by: GIC/AIT, CSIS/UT and ICG, held at: GIC/AIT, Thailand from 14 — 18 JAN 2019 13
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Type —R2: GNSS Receiver with RaspberryPi-Zero/W

GNSS Antenna Rover Raspberry Pi Zero
w/WiFi&BT

GNSS Receiver

Type R2:
Rover Mode
SPS + Post-Processing RTK
Log Necessary Raw Data for Post-processing RTK
Based on RTKLIB Engine

Training on GNSS — Course (T151-30), Organized by: GIC/AIT, CSIS/UT and ICG, held at: GIC/AIT, Thailand from 14 — 18 JAN 2019 14
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Type — Al: GNSS Receiver with Android Device

GNSS Antenna Rover

GNSS legfid RTCM_for
Receiver Ve/:.P:PLo \ ReaRI-rt:(me
WiFi
| /
Type Al: k .'“m“&f |
Rover Mode IS e

Real-Time or/and Post-Processing RTK
Based on RTKLIB Engine
Real-time processing in Android Device
APP: RTKDroid

GNSS Receiver Module

2019/1/14 Training on GNSS — Course (T151-30), Organized by: GIC/AIT, CSIS/UT and ICG, held at: GIC/AIT, Thailand from 14 — 18 JAN 2019
Dinesh Manandhar, CSIS, The University of Tokyo, dinesh@iis.u-tokyo.ac.jp
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o

Type — W1: GNSS Receiver + WiFi + BT

/

For Post-Processing
Just power-on the device
Data will be logged to SD Card

o

GNSS Antenna

~

.

GNSS
Receiver

UART

SD

Card

e

~

CPU +
WiFi / BT

|

A
]

i

For Real-Time Processing
Connect to an Android Device via BT

T

Tablet
RtkDroid

APP
Ver.:1.0

Base-Station
Data for RTK

NTRIP

Caster

— K AOOK UAVET T TTIT

H K

THE UNIVERSITY OF TOKYO
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CSi The University of Tokyo ¥ TEviRsTyor Tokvo
Type - M1: MADOCA Network + Android Device + FS Board (MAF)

GNSS

Antenna / \
Android
Device MADOCA
F9 - Board MADROID ‘\Correction Data
Multi-Band WiFi / BT APP

Ver.: 1.0 WiFi

Receiver

\_

2019/1/14 Training on GNSS — Course (T151-30), Organized by: GIC/AIT, CSIS/UT and ICG, held at: GIC/AIT, Thailand from 14 — 18 JAN 2019 17
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Type - M3: MADOCA Network + Android Device (MA)

- MAD_OCA Android
Correction Data

Device with
Multi-Band
GNSS Receiver

NTRIP

MADROID
APP
Ver.:1.0

Caster

GNSS L1, L2, L5/E5
e. g. Xiomi Mi8

2019/1/14 Training on GNSS — Course (T151-30), Organized by: GIC/AIT, CSIS/UT and ICG, held at: GIC/AIT, Thailand from 14 — 18 JAN 2019 18
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