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1.1. EXECUTIVE SUMMARY

This GNSS Training involved the information about different satellite constellations such as GPS, GLONASS,
Galielo, QZSS, Beidou and other satellite augmentation service.This training made us fluent in u-center
windows, RTKLIB, and RTKDroid.This training made us champ in collection of low-cost receivers of single
frequency and dual frequency and high cost receivers as well.This training taught us various post-
processing methods: SPP, Kinematic, DGPS, Static postprocessing methods.This training taught us various
gnss survey methods: static gnss survey, kinematic gnss survey, real-time static gnss survey, real-time
kinematic survey.This training made us familiar about various gnss data formats: NMEA, RTCM, RINEX.This
training empower us to check the accuracy and precision statistics in RTK.Differential correction from Base
station using NTRIP communication through internet to rover stations to get the cm level positional
accuracy.
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1.2. TEAM MEMBERS

Name Affiliation E-mail ID

Mr. Mohammad Aiman Environmental Protection mohamed.aiman@epa.gov.mv
Agency

Mr. Ali Wiam Land Survey Department, aliwiam@gmail.com
MNDF, Maldives

Mr. Sagar Basnet Nepal Electricity Authority, Ragas818@gmail.com
Nepal

Mr. Stallin Bhandari Survey Department, Nepal frenzieguy@gmail.com

Mr. Shanker KC Survey Department, Nepal ShankerkcO1l@gmail.com
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1.3. INTRODUCTION

We initiated with learning on basics of GNSS and got acquainted with several observation and processing
techniques along with the accuracy assessments. The basic Signal structures and operating frequency,
broadcasted from different GNSS service providers were explored. These signals have peculiar properties
(unigue PRN codes or Unique frequencies). Low cost receivers are designed to collect data signals from
specific satellites and only limited frequencies. Here, we used M8T (single frequency L1) and F9P (dual
frequency L1, L2) receivers to collect the field data with different observation technique PPK and RTK
techniques (for both static and dynamic data collection). The data were processed, analyzed and
visualized using RTKLib packages, including the plotting, processing, converting etc. functions. The post
processing results were compared to the real time processed data.

During this period of GNSS Training — Course (T151-40), we get to know about several GNSS systems (GPS,
GLONASS, BeiDOU,QZSS), use of gnss technology in various applications, installation of u-center windows,
RTKLIB, RTKDroid android application, learned about various gnss data formats, accuracy, errors,
coordinate systems, gnss survey methods, gnss data processing, QZSS-PPP service, MADOCA and CLAS,
gnss field survey, and finally report preparation and presentation of learnings as well.

14. LEARNINGS:

1. Configuring single frequency and dual frequency low cost receiver using u-center windows

applications.

Collecting field data in proper way using low cost receiver.

Checking data quality of field collected data in u-center windows and RTKLIB.

Getting feedback from training resource personnel at the field and during data processing session.

Theories/fieldworks/post-fieldworks regarding SPP, Kinematic, DGPS.

SPP, Kinematic, DGPS positioning/processing using RTKLIB.

Changing configuration parameters/pre-processing parameters/processing parameters and

inspecting the results/statistics/quality flags/plots/reasoning/accuracy/precisions/solution type.

Processing sample data provided by training by RTKLIB.

Comparing data from low cost receivers and high end receivers in terms of data quality/accuracy

and precision statistics.

10. Collection of field data using low cost receiver using RTKDroid android application in static mode
and kinematic mode using NTRIP communication.

11. Professor Dr. Dinesh Manandhar explained how using the NTRIP settings the differential
corrections are applied to rover data transmitted from AIT Base Station, fluctuate only in cm level.

12. Demonstration of real time solution and post processing solution.

NouswnN

©
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We post-processed field collected raw data and sample data using following positioning techniques.

1. Single Point Positioning (SPP):

Static
DGPS/DGNSS
Kinematic

PwnN

The M8T Receiver data from UT was processed with respect to Base NetR9 data. The true coordinate of

base data is as follows:

Coordinate Value o
X 3958757.045 m - 0.005 m
Y 3328944.101 m 0.004 m
Z 3719537.389 m 0.004 m
Latitude 35° 54' 10.94635" N 0.002 m
Longitude 139° 56' 21.50211" E 0.003 m
El. Height 93.463 m 0.006 m
R
[[] Time Start (GPST) [[] Time End (GPST) Dinterval
Settingl Setting? Output Statistics Posions Files Misc 2000/01/01 | _ 100:00:00 | _ /2000/01/01 | _ 00:00:00 0 24
Positioning Mode Kinematic + | | RINEX OBS: Rover ? & 3 E
C:\Users\Dell\Desktop\GNSS AIT\Training_2020\RTKLIB\DATA_TUMSAT\DynamicData' v l
Frequendes / Filter Type L1+2 v |Forward v |- : : s |
RINEX OBS: Base Station ® B8
Elevation Mask (%) / SNR Mask (dBHz) |10 v [c:\Users\Del\Desktop\GNSS ATT{Training_2020RTKLIB\DATA _TUMSAT\DynamicData' || .
Rec Dynamics / Earth Tides Correction OFF v OFF ™ | || RINEX NAV/CLK, SP3, FCB, IONEX, SBS/EMS or RTCM B 8 8 8
Ionosphere Correction Broadcast v 'C:\Users\Deﬂ\Desktop\GNSS AIT\Training_2020\RTKLIB\DATA_TUMSAT\DynamicData' v | ..
Troposphere Correction Saastamoinen v V| e | lkg
Satellite Ephemeris/Clock Broadcast v hl| -

SatPC Rec PCV Phwu

Exduded Satellites (+PRN: Induded)

Moers Melo [Acalleo [F]Qzss [sBas [“]BeiDou [ IRNSS

Load... Save...

RejEd [JRAIMFDE | DBCorr

OK Cancel

] Solution []

v ||

@ Plot...

Single Point Positioning (SPP) Mode:
We collected data from low cost receiver and post-processed. We post-processed sample data provided
by training both from low-cost receiver (M8T), and high-end receiver (NetR9). Following is the result.

GNSS Training — Course (T151-40)

By || game. o

Figure 1: Parameter Setting for Static, DGPS and Kinematic modes in RtkLib

[c:\users\Del\Desktop\GNSS AIT\Training_2020\RTKLIB\DATA_TUMSAT\DynamicData' || ...

l

T
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Figure 2: SPP of M8T receiver
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Figure 3: SPP of NetR9
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Figure 4: Comparison of M8T and NetR9 in SPP mode
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Static Mode:

We post-processed sample data in Static mode. The rover data is from low-cost receiver M8T and base
data is from high-cost receiver NetR9. Results are as follows:

w 12 GndTk v R=tl v + ~ T @ #e P OSH X o8

ORI= 35,903040649°N 139.939306146°E 93.4627m
AVE=E: 0,0000m N: 0.0006m U: 0.0004m

STD=E: 0.0019m N: 0.0075m U: 0.0036m

RMS=E: 0.0019m N: 0,0075m U: 0.0037m 20: 0.0155m
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-0.004
-0.008
2mm
Figure 5: Ground track in Static Mode
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Figure 6: Position plot in Static Mode
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DGPS Mode:

The sample data was processed in DGPS mode in which the following results were obtained:

File Edt View Windows Help
o1 2 lodmk vl o4 - T @

4

Kinematic Mode:
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7 ORI= 35,903040320° 139.93930622+
AVE=E: 0.0000m N: 0,001
STD=E: 0,6226m N:

RMS=E: 0.6226m N: 0.7291m U:

Figure 7: DGPS Mode of M8T Receiver from UT Data

We post-processed sample data in kinematic mode. We got following results:

GNSS Training — Course (T151-40)
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X G
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STD
RMS=E: 0.0108m N: 0.0157m U: 0.0302m 2D: 0.0382m

Figure 8:Ground track plot and statistics in Kinematic Positioning Mode

RtkDroid

First of all apk of rtkdroid was downloaded in our android mobiles and the receiver M8T was connected

and the following parameters was adjusted:
Connection: USB

Device: u-box GNSS receiver

Format: ubx

Processsing Settings

Rover Mode: Kinematic

Elevation Mask: 15

Ambiguity Res: Continuous

NTRIP Settings
Address: 157.82.223.139 Port: 2101
User: training Password: training123

GNSS Training — Course (T151-40)

Mount Port: AIT
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UTC Time: 03:27:49
Latitude: 14.07923257° N
Longitude: 100.61419919° E
Ellipsoidal Height: -28.784m
Orthometric Height: 2.532m
Speed: 0.24 km/hr

Fix type: Fix RTK

Satellites in view: 20
Satellites in use: 9

PDOP: 3.8

HDOP: 1.2

VDOP: 3.6

D 4‘?, S‘PD g
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10:27 £ ©&

; % RtkDroid

Date: 10 Jan 2020
Time: 03:27:52
Latitude: 14.07923258"
Longitude: 100.61419921°
X: 47N 674279.204m E
Y. 47N 1557086.390m N
Ellipsoidal Height: -28.795m
Orthometric Height: 2.521m
Fix Type: Fix RTK
Speed: 0.24 km/hr
HDOP: 1.2
VDOP: 3.6
PDOP: 3.8
Satellites in View: 20
Satellites in Use: 9
Latitude Error: 0.004m
Longitude Error: 0.016m
Altitude Error. 0.006m

Ll 4G, (58D

ABOUT

NMEA: 2020_01_10_10_27_39.txt(44KB)
UBX: 2020_01_10_10_27_3%.ubx(29KB)

STOP RECORDING

Skyplot

e

Figure 10:

o
Status

Setup

L @

Figure 9: Satellite Information from M8T in RtkDroid

0.6

Data from M8T Receiver (Ubx vs NMEA)
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The data collection was then started and thus collected data was in two different formats .UBX and .NMEA.
The .UBX format is the unprocessed data and the .NMEA format is the processed data from the base
station. The comparison was done and the processed data was found to have better accuracy than

compared to the unprocessed one.

1.6. SUMMARY

This training empower us to collect data using low cost receiver, taught us various positioning methods,
various gnss survey methods, various post processing methods and do the comparison, post-processed
solution and real-time solution. We get to know about QZSS-PPP service such as CLAS and MADOCA-
PPP.

1.7. RECOMMENDATIONS

We would recommend organizer to put one more lecture and workout regarding accuracy and precision
statistics of gnss field collected data.
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