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Objective

x Losing sight of work trace for tractor and
agricultural machine degrease both the accuracy
and efficiency of work

v'Using GNSS for agricultural machine to guide the
trace of machine in real-time

x The accuracy of normal positioning results by
consumer-grade GPS receiver is not enough

v'Set up the low-cost RTK-GNSS (cm-level positioning)
environment

v'In the future, cause of agricultural and its machine will
be more large-scale cm-level GNSS will be more required.



Normal positioning results

by consumer-grade GPS receiver

Positioning results

.......

| Accurate results

Sats: 11 HDOP: 0.7
0.0km/h

@ Relatively not
accurate results

The accuracy is not enough



Example case of farming required cm-level positioning

Before the rice-planting, puddling the
soil

Eourdr?ch:-g Difficult to confirm the trace of tractor
olanting cause of muddy ground

Over one month for 12ha

Under 30cm precision is required

Arm of machine is 16m

Difficult to confirm the spread trace
Spraying cause of wide arm and trace of machine

agrochemical
with machine

7 times for a year and its takes 2-3days
for each. For rice, wheat and soy beans
Under 50cm precision is required

->low-cost RTK-GNSS (cm-level positioning) .




Set up the low-cost RTK-GNSS environment

Equipment

Base station Rover From

PC Windows VISTA Windows10

GNS.S U-blox M8T U-blox M8T TUMSAT

receiver

Antenna Tallysman Tallysman TUMSAT
RTKLIBver. 2.4.2 | p1kLIB ver. 2.4.2 p12 | DL by website

Software  |P12 hitp://www.rtklib.com
u-center_v8.21 u-center_v8.20

Connection | Wi-Fi Wi-Fi




Set up the low-cost RTK-GNSS environment

* NTRIP caster

Base station
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Y (1) Input Rover=5erial
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{4) Output Solution 1=File



Set up the low-cost RTK-GNSS environment

Base station

GNSS antenna
GNSS receiver

Input

-

STRSVR(RTKLIB) >

Output

Stream correction data

.

Internet

~

Rover

* GNSS antenna
* GNSS receiver

Input (2) 'Input(l)

)

RTKNAVI(RTKLIB)

Output

Positioning results
And
Log for post process




Set up GNSS receiver

Base station Rover
PC Windows VISTA Windows10

Receiver U-blox M8T U-blox M8T

Software u-center_v8.21 u-center_v8.20

Messages - UBX - CFG (Config) - GNSS (GNSS Config) (=R [E=R==
e UBX -CFHS (Confa) - BNSS (BNSS Config) - LB - CFG (Corfig) - NAYS (Navigation 5) 105~
Channels Navigation Modes

GNSSID configure GNSSname enable min  max Signals. Dynaric Model ’m
o 2 s 2 s 65 Fuca

Fit Mode 3-AuoD/D <
1 " sans r T [ Fus

UTE Standard [3-USNO (GPS)
2 2 clicc W 4 [s 1 =l
3 ~ BeDou ~ s[5 Fe

1.00

4 " MES r o [ Fuc
5 ~ Qzss " CEE] ¥ LicA [~ LisAFF Mavigation Input Fiters
6 o clonass [ 8 |14 [ LoF Min 8 Elevation 5 [deg]
7 C/NO Thieshold 0 [#5¥s]
Number of channels available = 0 [dbHz]
Number of channels to use 32 ™ Auto set

Navigation Outpu Fiters
DR Timeout 0 ) . .

s [ Select navigation
TDOP Mask 50

P Ace Mask 100 ]

S mode for NMEA

For specific SBAS configuration use CFG-5BAS

atellite constellation

T oo ask 350 m]

< > Gh i Hold Thresheid NN fetel

. GPS/Gz

@ | X | Hsens ¥ & E & | X | Esend dpoll [ B

[®] Messages - UBX - CFG (Config) - PRT (Ports) [®) Messages - UBX - CFG (Config) - RATE (Rates) =0 =n ==
UBX - CFG [Config) - PRT (Forts) 5: ° UEX - CFG (Config) - RATE (Rates) 4c
Targe! T-UARTI ~ Tine Seurce T-GPSime v

Protocolin [ 0+1+2 - UBX+NMEA+RT v,
Protocolout [ 041 - UBXNMER ~

Baudrate 115200 ~

Measuement Period [ 200 [ms]
Messuement Frequency [ 5,00 (Ha)
Navigation Rate [ el
Navigation Fiequency [ 500 (Ha)

2t the output stream Set the rate of output

[~ Extended T timeout [>=Fw/7.00)
To-Ready Feature (>=F4/7.00)

[~ Enable
o
Theshod [0
FID o =]
< > M < >
& x e [ LEIE @ | X | ESend 3¥Poll [ ¥ &l | [




Set up STRSVR(RTKLIB) for Base station

RTKLIB v.2.4.2

—— i

=

2017/01/28 05:52:23 GPST Connect Time:  3d 07:50:33

. Stream Type Opt Cmd bytes bps

Input : GNSS receiver (©) trput (] 3014,956,95 0
Conv

(1) Output |NTRIP Server ~ .. 3,014,193,260 o

el

=hT0

STRSVR ver.2.4.2

{2) Output
(3) Output

s o, ) N
I
Serial Options ﬁ NTRIP Server Options ﬁ
Port coM31 +  Parity MNTRIP Caster Host Port
153.121.59.53 - 2101
Bitrate (bps) | 115200 ¥ | StopBits Mountpoint Password
Byte Size Flow Control [None  ~| ECI02 - PR
String
[ OK ] ’ Cancel ]
| nwp.. | | o || cancel |

To NTRIP caster setting




Set up RTKNAVI (RTKLIB) for Rover

rrcus v2.4.2 (R =
% T 2 ﬁﬂ%l@n

Input stream setting Output stream setting

RTKMAVI ver 2. 42 (2)
2000/01/01 00:00:00.0 &psT| 1 | O00—0—00000 O L
o LatfLonHeight * | Rover:Base SMR {dBHz) - \ .
. Log stream setting
Solution: — 40
30
N: 0° 00" 00.0000" 20
E: 0° 00" 00.0000"
He: 0.000 m 50
N: 0.000 E: 0.000 U: 0.000 m ;“g
Age: 0.0 = Batic: 0.0 # Sat: 0 30
| v
T -
Start Skap Flot... Optigs. .. Exit

\
RTKNAVI options



Set up RTKNAVI (RTKLIB) for Rover

RTKLIB v.2.4.2

=

el

el

m v e

% B 3. p
Options kY ] Opticns X Options X
Settingl Setting2 Output Statistics Positions  Files Misc Settingl Settngl Output Statistics Positons  Files Misc Settingl Settng2 OQutput Statistics Positions  Files Misc
Positioning Mode Kinematic w Integer Ambiguity Res (GPS/GLO/BOS) |Cont ~ | OFF OFF ~ Solution Format Lat/Lon/Height
Freguencdies | Filter Type L1 ~ || Forward Min Ritio to Fix Ambiguity |3.0 | Cutput Header fProcessing Options oM | OFF
Elevation Mask () / SNR Mask (dbHz) |15 v Min Confidence f Max FCB to Fix Amb 0,299 0.20 Time Format [ # of Decimals hh:mm:ss GPST W
Rec Dynamics / Earth Tides Correction | OFF | OFF w Min Lock J Elevation (=) to Fix Amb |[) ”[J | Latitude / Longitude Format ddd.ddddddd ~
Ionosphere Correction Broadcast ™ Min Fix f Elevation (%) to Hold Amb 10 0 Field Separator |
Troposphere Correction Saastamoinen ~ Outage to Reset Amb / Slip Thres (m) 5 |U-[15[] | Datum/Height WGSa4 || Ellipsoidal ~
Satelite Ephemeris/Clock Broadcast ~ Max Age of Diff (s) / Sync Solution 0.0 = » Geoid Model Internal
SatPCV Rec PCV Ph-Windup | |RejectEd []RAIMFDE Reject Threshold of GDOR/Innav (m) 0.0 | ;o | | | 5ol nde All
Excluded Satelites (+PRN: Induded) | | Number of Filter Tteration ] NMEA Interval (s) RMC/GGA, GSA/GSY |0 o
ers [Jelo [HAeslies [Fqzss [Jseas [v]BeiDou Baseline Length Constraint (m) 0.000 0.000 Output Solution Status / Debug Trace | OFF ~ | oFF ~
Load Save oK Cancel Load Save oK Cancel Load Save Ok Cancel
Options s Options s SMR Mask s
Settingl Setting2 Output Statistics positons Files  Misc Settingl Setting2 Output Statistics Posiions  Files  Misc Rover [ ]Base Station Elevation (deg) (dBHz)
Measurement Errors (1-sigma) Rover <5 15 25 35 45 55 55 75 =85
Code/Carrier-Phase Error Ratio L1/L2  |500.0] 100.0 LatfLon/Height (degm) L1 |30 |32 |34 " % |36 |36 ” % |36 |36 |
Carrier-Phase Error a+b/singl (m) 0,003 0,003 50.000000000 0.000000000 5335367.6255 L2 ||:| |0 |0 ||D |D |0 ”0 |U |D |
Carrier-Phase Error /Baseline (m/10km) (0,000 [ antenna Type (= Auto) Delta-E/M,L
LS (O o 0] 4] 4] o W] 4] 4]
Doppler Frequency (Hz) 1,000 0.0000 |0.0000 0.0000 | | | " | | ” | | |
Process Moises {1-sigma/sqrt(s)) Base Shhm_j it (d —
Receiver Accel Horiz/Vertical (m/s2) 1.00E+01 ” 1.00E401 LTIl il
Carrier Phase Bios (cyde) oo 0n |36.849283000 | 140.016611000 |[256.3125
[ antenna Type (*: Auto) DeltaEM/U (m
Vertical Ionospheric Delay {m/10km .
P v (m/ ) 1.00E-03 0.0000 ||0.0000 ||0.0000
Zenith Tropospheric Delay (m) 1.00E-04 Station Position File
sateliite Clock Stability (s/s) 5.00E-12 | El | -
Load Save oK Cancel Load Save oK Cancel
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Set up RTKNAVI (RTKLIB) for Rover

RTKLIB v.2.4.2

R TRY

Stream setting
Output
Qutput Streams >
I n p Ut Qutput Stream Type Option Format
{4) Solution 1 File e LatfLonMHeight
Input Streams *
[](s) Solution 2 Serial Latflon/MHeight -
Input Stream Type Opt Cmd Format Opt . N
L ile Paths
(1) Rover Serial u-blox e B tpu - -
|D:¥F‘.TKZLIB_blnmaster¥numut¥snluhnn1.pns
(2) Baze Station NTRIP Client |
[1(3) Correction Serial
Transmit NMEA GPGGA to Base Station [ITime-Tag Swap Intv il = Cancel
QOFF W 0, 00000000 0,2000000¢ L
og
Leg Streams
Log Stream Type Option
(&) Rower File e
| (7] Base Station File w
Time |x1 0 oK Cancel )]
[](2) Correction Serial
/ Log File Paths

Serial Options X

Port COMa w | Parity Mone w
Bitrate (bps) |115200 | Stop Bits 1 bit e

Byte Size & hits “ | Flow Contral | Mone w

MTRIP Client Opticns
MNTRIP Caster Host

D:¥RTKLIB_bin-master¥output¥rover.ubx

Part D:¥RTKLIE_hin-master¥output¥hase. ubx|

|153. 121.59.53

v ||21n1

Mountpaint User-ID Passwog
Time-Tag Swap Intv -H ? [0]4 Cancel
|ECJU}'_ v"gspase """l [ Ig - — —
Mtrip. .. oK Cancel
12




Setting up antenna for experiments

Base station

Cabin (mid)

——

Rover
3 case for

experiment
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Experiments field

ESZES = Tochigi pref. Ohtawara
Field | 2017/1/26 AM




Experiments results

Hood (front) Rotary (back) Cabin (mid)

RTK-GNSS Single

¥ DARTKLIB b U tH21070126_rtk ips  — O X P4 DARTKLB_b puts21070126 rtk ips  — O X P4 DARTKLB_b pUtE21070126, 1tk 1.pos - o x 4 DARTKLIB_bin-master¥output®2 1070126 single_mid¥solutionlp..  — O X
File Edit View Help File Edit View Help File Edit View Help File Edit View Help
w1z GndTrk | (AL v F vk T ® +SHE < w12 GndTrk v (AL v| -l T @ + S8 < » @z GrdTrk v (AL v| F -k T ® + &8 < w2 GndTrk v AL v| - T @ + &8

5m 5m 5m
= = =
[1]2017/01/25 00:58:32 GPST-D1/26 01: 12:43 GPST : N=4282 8=0.0km | 35.84862380° 140.01631567° [112017/01/26 01:16:56 GPST-01/26 01:31:23 GPST : N=4333 B=0.0km Q=1:1615(37.3%) [112017/01/26 01:39: 18 GPST-01/26 02:07:28 GPST : N=8+48 B=0.0km Q=1:2261(26.8%) [112017/01/26 02:09:45 GPST-01/26 02:25:22 GPST : N=4685 B=0.0km Q= 5:4685(100.0%)

e Results seems to accurate enough for farming
* Roof top of cabin is most suitable
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Suggestions by Iwaki-san

* Were to buy receivers?

* How to connect Ntrip caster by their own?

* Suitable version of RTKLIB?

* Manuals for tuning options to RTKLIB

* Making applications to navigate tractor easily

 Recommendation for suitable equipment (ex.
tablet PC)



