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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 S3, 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 Basically only in L1-Band Frequency
* Low Cost: S300 (Multi-GNSS, L1 Only)
* Very soon: Multi-System, Multi Frequency, L1/L2/L5

* Broadcom, u-Blox and ST Micro already announced Multi-System, Multi-Band
GNSS Chips for Mass Market
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How accurate is GPS Position?

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!

.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)

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

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 2.1
Satellite Clock 2.1
lonosphere Error 4.0
Troposphere Error 0.7
Multipath 1.4
Receiver Circuits 0.5

0.0
0.0
0.4
0.2
1.4
0.5

Comments

Common errors are
removed

Common errors are
reduced

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://www.edu-observatory.org/gps/gps_accuracy.html#Multipath
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Principle of Differential Correction
g 22 30 4 ‘ .
‘

M Send Correction Data to Rover - " A
A For Real-Time Position \
Base-Station  For RTK, both rover and base receivers Ré)sPr
Antennaisinstalled ata  need to use the same satellites User in the Field
known-position (Either fixed or moving)

e

5K
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Principle of QZSS MADOCA and CLAS Services

Qzss
GPS
0
©
a
(e
(@]
& E //
L
Q)
@)
Correction Data: ——
Satellite Orbit Error of GPS and Other Satellites .-’i-fll*- Correction data for other satellites
Satellite Clock Error of GPS and Other Satellites I\ will also be provided
i/ \\
/ \
I\
Rover
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Low-Cost High Accuracy System

GNSS Antenna
GNSS Antenna

GNSS
Receiver

GNSS Receiver sB cable
U-blox Neo-M8T

GNSS
GNSS Rover Unit Base-Station
(User in the Field) /
Tablet
RasPi APP for RTK RasPi <— NTRIP Caster —> <+— GNSS Base-Station —»
SW Maps for GIS
Data Input

A

Low-Cost RTK System >
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NE e @ e i ANNNGS [ P3O ¥ k05
RtkPi RtkPi RtkPi C

CONNECTION 5 U5 SETUP BASE CONMECTION 3 S SETUP BASE CONNECTION STATUS SETUP BASE SETUP ROVER
Satellites Rover Mode Latiude: 43.873416°
O 6Ps + 0255 ® Autonomous e 123 622
(®) GPS + GLONASS + 0ZSS O Rk Fix type: Autonormous
PDOP: 20
() 6PS + BEIDOU + Q255 Satellites :nngjf :? !
NTRIP Settings O ops+azss a w
Aadiess (8) GPS + GLONASS + Q78S
202.x3.%%.%4 _
- () GPS + BEIDOU + 0Z5S P 14

H 300" 0

5000 NTRIP Settings
153.121.59.53 h
t1 2 .
' 2101 w ] L Y
1234 .
Base Station Position
La £
240 120
Longi
.
no 150

5 4 - & - r - .

3 = 2 3 -

NMEA: 2017_07_27_22_58_48.nmea, Size: 24KB
UBX; 2017 _07_27_22_58_48.ubx, Size; 05KB

STOP RECORDING
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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

§' ORI= 35.661362852°N 139.678138802°E 116.9180m
AVE=E: 0,3560m N:-0.4158m U: 0.1794m
Raspberry ok RMS=E: 0;3564m N: 041600 U 0.5095m 25 1.0955n
GNSS Receiver .
U-blox Neo-MS8T Q
Rover-Station: g
Receiver: u-blox M8T £
o LN
Antenna: Zephyr 2 5
Computer: RaspberryPi 3B+ <
Distance between Base and Rover : about 12Km §
= Y 5cm ”
Base-Station: o
. . $g —
Receiver: Tr|mb|e NetR9 53 0.31 0.32 0.33 0.34 0.35 0.36 0.37 0.38 0.39 0.40
Antenna: Zephyr 2
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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) - RAWX (Multi-GNSS Raw Measurement Data)] — O X
@ File Edit View Player Receiver Tools Window Help - 8 x
DEHE & 2 m 13 v b Kk I
2 fE EODEE~ BB~~~ | BE O miE 8 &2 T w I w | Y iy
H-NMEA A ] x =
] B - RxM (Recaiver Manager) - RAWS (MUti-GNSS Raw Measurement Data) 18
H-RTCM3
E-UBX Local Trme |  1966:462474.993000000 [5]

H-ACK (Acknowledge)

B-AID (GPS Aiding) Leap seconds | 18 (WALID) [g] Clock reset T

CFG (Config) SV | Sign..] GJ Pseudo Ra... | Carrier Phas... | Doppl..] Lec... | S... | PR.. |CP.. | DO..| P. C.lH. _ ~

ESF (External Sensor Fusion) GOb L1CKA - 18440103.75 9690340086 147 BEOOO 49 032 0004 OoR1ZeEYEYEY.

&-HNR (High Navigation Rate! G183 LIC/A - 1860185088 0775337960 10145 52000 48 032 0004 0512°YeYyey.

G02 LICK - 1857326987 9760313007 -20556 59000 46 032 0004 0B12° Yo Yoy
G30 LICKA - 1985937678 10436437357 5076 59000 44 032 0004 0B12°Yo Yoy,
LOG (Data Logger) G20 LIC/A - 2043047914 10736288060 21330 63000 42 082 0004 0BI1Ze Y2 Ve Y.
MGA (Multiple GNSS Assist: GI5 LICKA - 2077157602 10915534983 24084 59000 45 032 0004 0B12eYeYyey
VON (Monitor! G209 LICK - 2000377852 10985008547 11651 59000 44 032 0004 0B12°Ye Yoy,
' / G06  LICKA - 2163190901 113676445.45 -3000.4 59000 38 064 0004 05120 Y2 Yo Y.

- INF (Information)

B

NAV (Navigation) 5120 L1C/A - 3506649095 18427664707 -4265 48000 39 032 0004 0B1zeYevyey
£-RXM (Receiver Manager) EO5  EI1C - 2134408507 11216392862 6625 BI0D0 45 032 0004 05120 Yo Yoy
ALM (Al E22 EIC - 2008206372 106G31895.04 -1088.8 G9000 44 032 0004 0BIZOYeyey
ALM (AImanac) E03 E1C - 2350805591 12362517826 10062 GO000 40 032 0004 0Bl12eYyevyey
- EPH (Ephemeris) E09 EIC - 21582857.80 11341867885 -22225 59000 40 032 0004 0B12eY®Yyey
- IMES (IMES Status) Q0T LICA - 3686777219 19374146032 -242.0 860 46 032 0004 0BI1Z° Y2 YO N.
 MEASX (Meas .I_;m;mt o ROT LIOF 1 1799896508 9621467867 -4788 B7660 49 032 0004 0B12°Yevye Y.
e VIS R24 LIOF 2 1810873612 OG33BB12.36 -1534.3 B7660 45 032 0004 0DBI1Z° Ve Yoy
~PMREQ (Power Mode R¢ RO8 LIOF & 1956920337 10479216267 -26238 L7660 43 032 0004 0512°¥eyey
RAW (Raw Measuremen R23 LIOF 3 1958830863 10478471365 -44766 G7660 46 032 0004 0Bl12eYeyey
i R10 LIOF -7 1976783626 10632032870 2.7 B7B30 43 032 0004 0DBIZO Yo Y Y
et =G S ey R11 LIOF 0 2013314994 107585397.10 29368 57680 45 032 0004 0Bl12eyeyey
-RLM (Return Link Messas R17 LIOF 4 2005441986 10731622161 22603 67630 45 032 0004 0B12°Yyevyey
~RTCM (RTCM input state RO2 LIOF -4 2060260083 10040673036 17608 G7660 46 032 0004 0B12°Yevyey.
RO9 LIOF -2 2237043266 1104B677221 -31106 57660 36 064 0004 0B12eYyevyey

--SFRB (Subframe Data)

5187 LIC/A - 3506650325 18427572235 -425.9 35000 39 032 0004 0B12°YoYeY.
HH-SFRBX (Subframe Data ! Q02 LICKA - 3506615275 18427377071 340 860 42 032 0004 0B12°Y2YeN.
--SVSI (SV Status Info) E24  EIC - 2272120902 11940078685 19207 BSOOO 37 032 0004 0BI2evevyey
& SEC (Security) 5128 LIC/A - 3760958424 19763970085 -419.5 54000 38 084 0004 05120 Yo Yoy .
- oectrty) G07 LIC/A - 2168768586 11344361444 -2356.2 BI000 41 032 0004 0B12°YeYey.
B-TIM (Timing) ~
W
< >
&D] b¢ j{ € B Friday [
Ready u-blox M [#¢ No port o 2017_09_15_ NME#00:00/08:27|#
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Data from Low-Cost RTK System

- .
& 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
ODEE - & A m » v Kk — A
AR B0 EE v BE~vE~M~ BB To w U w | Y A
NMEA PN
UBX - RXM (Recsiver Manager) - SFRBX (Subframe Data NG) 18
RTCM3
=-UBX
EH-ACK (Acknowledge) ## denotes data received on subChn [T strip Parity Bits
HH-AID (GPS Aiding) = =
) . sV MSG DATA (* denotes invalid words)
t-CFG (Config) GAL 3 EIB 0 EO 00955555 55555555 55555555 4EBSC000 83A74000 0000002A ARARG32E 87BF4000
- ESF (External Sensor Fusion) GAL 5 EIB 0 EO 00955555 55555555 55555555 4EBSC000 83A74000 0000002A2 ARRAG32E B7BF4000
Hiah Naviaati . GAL ¢ EIB 0 EO 00955555 55555555 55555555 4EB9C000 83A74000 0000002A ARAAG32E 8§7BF4000
B-HNR (High Navigation Rate) GAL 22 EIB 0 EO 00955555 55555555 55555555 4EB9C000 83A74000 0000002A AAAAG3ZE 87BF4000
INF (Information) GAL 24 EIB 0 EO 00955555 55555555 55555555 4ERSC000 83R74000 0000002A ARAAE32E 87BF4000
910G (Data Loagen) GLO 1 L1OF 1 14 1/3156 752856E0 5D706C48 0R4B0O00O
o (bata Logger) GLO 2 LIOF —4 14 1/3156 752856E0 SD706C48 0R4B000O
H-MGA (Multiple GNSS Assistance) GLO & LIOF & 14 1/3156 752856E0 5D706C48 0R4BO0OO
51 MON (Monitor) GLO 9 L1OF -2 14 1/3156 752856E0 5D706C48 0R4B0000
VIO (Monitor) GLO 10 L1OF -7 14 1/3156 752856E0 5D706C48 0A4B0000
- NAV (Navigation) GLO 11 L1OF O 14 1/3156 752856E0D 5D706C48 0Z4BO00O
- . GLO 17 LI1OF 4 14 1/3156 752856E0 5D706C48 0R4B0O000D
EF-RXM (Receiver Manager) GLO 23 LIOF 3 14 1/3156 752856E0 5D706C48 0R4B0O000D
- ALM (Almanac) GLO 24 L1OF 2 14 1/3156 752856E0 5D706C48 024B0O000
-EPH (Ephemeris) GPS 2 Lic/A 0 2 22C3AEOB 25A34ABB 0E3DSBDS 8DTEF396 BOOED3CEB 3DB44210 2EDCDCSA 8402E875 832C83CB 1CS09GFTC
P S GPS 5 Lic/A 0 2 22C3AEOB 25A34ABB 033FFE5A SCETD348 36E920B1 BFFS8087 2R4E4660 05792861 831E5F37 1CS093EC
--IMES (IMES Status) GPS 6 Lic/A 0 2 22C3AEOB 25A34ABB 183CCB64 0BCFFGF7 37D36E26 BD394002 925ESEL4 0437AB70 037FF228 1C909F2F
~MEASX (Measurement Data) Gps 7 Lic/A 0 2 22C3AE0B 25A34ABB 03404DD3 0C1S6F58 02CFB2ZDS 80224174 2A8FDAF4 0523E852 83729150 1CS05478
) T b GPS 13 Lic/A 0 2 22C3AEOB 25A34ABB 06002439 SCA2FBBA ADSSETF6 £5014c070 328B1lF03 034828548 034D7BCA SCO0SFFO
- PMREQ (Power Mode Request) GPs 15 Lic/a 0 2 22C3AF0B 25A34ABB 17C07442 8F35037A BS635%CDC 0075C135 BSBDOGFE 82EBES59 8336425B 1CS09F2F
—~RAW (Raw Measurement Data) GPS 20 Lic/A 0 2 22C3AF0B 25A34ABB 0AB0D0B59 8E0ICZ18 21702E31 801D009YS 149C0D26 8576A85D 8378DEDF 1CS09FTC
'\H o o ’ GPS 298 TLic/A 0 2 22C3AFOB 25A342ABB 01BF15F0 OBDADS2A ADAT6B857 3F1EA8029 S0F5C377 01AS6847 03220618 1C50%478
~RAWX (Multi-GNSS Raw Measu GPS 30 nLic/a 0 2 22C3AE0B 25A34ABB 0AS0513% SDOBEFOB 01C4RS60 00238048 246CIFDS 855416853 0343752B 1CS0SF2F
~RLM (Return Link Message) ©zss 1 Lic/a 0 2 22C0RR24 25R34254 10494F43 067R62DE SATBARBS 84RB49A3 1D0554C4 ORFIF2AF 3BCOSDFD 9CS85FCT
B, } 0zSS 1 LISAIF 0 50 53CACT67 E0000070 31027FDD FDEFDSFE S502F0000 00000000 00000000 3294CORE
-~ RTCM (RTCM input status) Qzss 2 LIC/A 0 2 22C0ARB1 ASA3524F 107D9E77 037ECC21 BCASFETT 3F294966 BSTBC1lD 879B728F 3B22D0B1 9C585F%4
~SFRB (Subframe Data) QzSs 2 LI1SAIF 0 50 53CACT67 E0000070 31027FDD FDEFDEFE 502F0000 00000000 00000000 3294C0&E6
! SBAS 128 LiC/Z 0 3 530DSFFF FFSFFDFF C011FFCO 00001FFD FFCOO7FF 7FF797BS BSSBEAL6 B71493R6
B-SFRBX (Subframe Data NG) SBAS 12% TiC/A 0 25 536611C7 EBFDCOSF ECTFFEE1 7FSDBASO 00000000 00000000 00000000 0DED0O226
-SVS| (SV Status Info) SBAS 137 LIC/AR 0 25 536611C7 EBFDCOSF ECTFFES1 7FSDBAS0 00000000 00000000 00000000 0DEDO226
- SEC (Security)
H-TIM (Timing) v
< >
& | X EH & |[E —
Ready u-blox M ® No port oy 2017 09_15_NME/00:000827 ¢ Slide : 12
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Simple to Use, Plug-And-Record, Low-Cost System Receiver

. RasPi Zero/W

« Simple to Use, No Commands, Just One Time Setting

: e o - Ant
 Connect Antenna, Receiver and Battery Pack i e

* Device Starts Logging GNSS Raw Data required for
RTK Post-Processing
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Conclusion

e Accuracy better than few tens of centimeters using Low-Cost
Receiver in RTK mode is possible.

e Both Base and Rover with Low-Cost Receiver
* Smaller base length, < 10km

e Accuracy better than few centimeters using Low-Cost
Receiver in RTK mode is possible.

* Base with High-End Receiver and Low-Cost Receiver
* Smaller base length, < 5km

* Our Target of Low-Cost High-Accuracy Receiver
* $100x100cmx100gm (Cost- Accuracy-Weight)
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Additional Information

Please visit website at
http://www.csis.u-tokyo.ac.jp/~dinesh/

https://www.youtube.com/watch?v=JaicV8egzFo
Contact:
dinesh@csis.u-tokyo.ac.jp

Sample Raw Data can be downloaded to Check Accuracy of RTK Processing
1. High-End Base (NetR9) Data vs Low-End Rover (u-blox M8T) Data
2. Low-End Base (u-blox M8T) Data vs Low-End Rover (u-Blox M8T) Data
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