\ T
- . . N &
= € Center for Spatial Information Science < I G International Committee on . g AI I
I The University of Tokyo . J Global Navigation Satellite Systems R it

—

Report on GNSS Training
Course ID: T151-40

Team No: 03

Team Members:

Tahira Zafar
Susmina Manandhar
Eranga Liyanaathukorala

Walter Valdez

Training held at GIC/AIT, Thailand
6 — 10 JAN 2020

Page: 1

GNSS Training — Course (T151-40)
Organized by: GIC/AIT, CSIS/UT and ICG, held at: GIC/AIT, Thailand from 6 — 10 JAN 2020



\
S i € Center for Spatial Information Science | I C CSN International Committee on
I The University of Tokyo ‘s ) Global Navigation Satellite Systems
-

Table of Contents

Table of Contents

O = o 15 OO PP PP TP 4
1.1, EXECULIVE SUMMAIY ciiiiiiiiiiiiiiiiiiieieeeteeeee et eeeeeeeeeeeeeeeeeeeeeeeeeeesese s et eseeeseseeeeeaeseeeeeeeeeeeeeeeseeeeeseeeeeeeneeee 4
1.2, T@AM IMIBIMDEIS. ... ettt ettt ettt ettt e sb e s bt e e sa b e e s bt e e s bee s bbeesabeesabeeesabeesabaeenbeesabaeesareens 5
1.3, INEFOAUCHION Lottt ettt et s st e s bt e s bt e e sabe e s bt e e sabeesabeeesabeesabeeenbeesabaeenareenn 6
I U] o s o ¥ | VUSRSt 7
1.5.  RECOMMENUALIONS......cocvieiiiieiicieirie bbbt 13

Page: 2

GNSS Training — Course (T151-40)
Organized by: GIC/AIT, CSIS/UT and ICG, held at: GIC/AIT, Thailand from 6 — 10 JAN 2020



\
: . . R]
i € Center for Spatial Information Science | I G International Committee on
I The University of Tokyo ¥ — Global Navigation Satellite Systems
-

Table of Figures

Figure 01: Plot showing data collected by FOP receiver using RTK Page 07
Figure 02: Plot showing data collected by FIP receiver using SPP Page 07
Figure 03: Calculation of error in data of M8T receiver Page 08
Figure 04: Error calculation of data in M8T receiver Page 08
Figure 05: Error calculation in data for NetR9 Page 09
Figure 06: Error calculation in data for NetR9 Page 09
Figure 07: Comparison of the output performing SPP and DGPS Page 10
Figure 08: Comparison of output using SPP and RTK Page 10
Figure 09: Velocity plot of SPP Page 11
Figure 10: Velocity plot of RTK Page 11
Figure 11: Plot of kinematic data using FOP Page 11

Page: 3

GNSS Training — Course (T151-40)
Organized by: GIC/AIT, CSIS/UT and ICG, held at: GIC/AIT, Thailand from 6 — 10 JAN 2020



\

- : - ~
1 € Center for Spatial Information Science | I G International Committee on
I The University of Tokyo b J Global Navigation Satellite Systems

—

1. TeAM 3

1.1. EXECUTIVE SUMMARY

The continuous evolution of mankind in sustaining peaceful life. The search for the
technological advancement is becoming the priority for every individual to contribute in this goal
of human life. The launching of GNSS technology open new opportunities to search for more
applied technologies in the improvement of production and management aspects which serves as
a challenge in the coming future due to the increasing demand of food and other basic services.
The broad applications of the GNSS will contribute into the fast changing development need for

the existing technologies we are using.

The International Committee on Global Navigation Satellite System (ICG), Center for
Spatial Information Science, The University of Tokyo (CSIS), and Asian Institute of Technology
(AIT) spearheaded the dissemination of the GNSS technology in the world will truly compliment
in the equal chances of contributing applied technologies with various uses needed for every
country. The conducted rigid training for the GNSS, gives a wider understanding in the different
applications of GNSS, setting the correct data collection and downloading and processing collected

using different software available (SPP, DGSS and RTK) generated by the organizers.

Every topic in the training course was discussed in details were the participants can grasp
the topic. Actual field work was also done during this training to execute the developed hands-on
activities and familiar with procedures and proper generation data in the correct format. The files
generated were downloaded and processed into graphs and other different forms that will be useful
in any applications. The derived outputs were collected for group presentations as a learning

outcomes in this training program.

As a concluding remarks, this kind of training is relevant in every aspect of social
development for every countries participated in this training course. This technological
breakthrough is useful in a wide range of applications. So, every participants are challenge to work
on the GNSS application and further continue to study on this topic to be more competent in using
GNSS in the different variety of applied field.
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1.3. INTRODUCTION

Global Navigation Satellite System (GNSS) refers to a constellation of satellites providing
signals from space that transmit positioning and timing data to GNSS receivers. The receivers then

use this data to determine location.

GNSS receivers are primarily used in land navigation. Navigation is the process of
determining position and direction. However, marine sailing, tourism and recreation are fields
where the use of navigation devices is also very common. The average position errors of GNSS

receivers decisively influence the ability and accuracy of navigation based on those devices.

As part of the parallel tracking studies, the receiver positions were compared to those of
precise GNSS receivers, using corrections from an active geodetic network with an accuracy of
higher percentage and minimal error. As a result of the measurement, the accuracy statistics for
each of the considered reference points were defined based on approximately real time satellite
positions. The several studies conducted indicate that there are significant differences in the

accuracy of positioning as performed by the receiver.

There are several advantages of using GNSS raw measurements on smartphones as
introduced in this training. Their use can lead to increased GNSS performance, as it opens the door
to more advanced GNSS processing techniques that, until now, have been restricted to more

professional GNSS receivers due to the higher costing they are offering in the market.

A user’s position is estimated using the distance measurements (pseudoranges)
between the user’s receiver antenna and the position of at least four satellites. Both are
determined by the receiver, which evaluates the satellite’s signal and navigation message,
respectively. This information is required by the PVT solution, which provides the user’s position

and time anywhere on the globe.

We also trained how to use the different GNSS receivers such as M8T (single signal
receiver) and FOP (dual single receiver) for collecting data. This data was convert to RINEX data
using RTKLib and then post processing using RTKLib for single signal point processing for RTK
which resulted to SPP, DGPS, RTK for usable formats to be used different field of applications.
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Figure 01: Plot showing data collected by FOP receiver using RTK
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Figure 02: Plot showing data collected by FOP receiver using SPP

Page: 7

GNSS Training — Course (T151-40)
Organized by: GIC/AIT, CSIS/UT and ICG, held at: GIC/AIT, Thailand from 6 — 10 JAN 2020



Csi

Center for Spatial Information Science
The University of Tokyo

‘JC/G:

International Commiittee on
Global Navigation Satellite Systems

mEH S . MBT.csv - Excel (Product Activation Failed) 7TH - F
HOME = INSERT  PAGE LAYOUT FORMULAS DATA  REVIEW  VIEW Sign in

i, 3 cut Calibri i AN == 2 Swapte General | ¥ p 05 €= S [y Zhuosum Y Ii'i]

Paste i Copy - B I U-  BA =E=E= == G.0; 9 €0 .00 condm;na\ me‘m as c:\ \I.{sen ne\;:m Fn;nm( I~ Sort & Find &

- Format Painter - A~ EE S| EE|EMege tiCenter - % S formatting - Table< Styles- - - . &ear- Filter - Select -

Clipboard . Font [ Alignment O Number & Styles Cells Editing
Al - fr | % GPST
A B C D E F G H I J K L M N o] P Q R S

1 |% GPST | x-ecef(m) y-ecef(m) z-ecef(m) Q ns sdx(m) sdy(m) sdz{m) sdxy(m) sdyz(m) sdzx(m) age(s) ratio EX EY EZ -3958757
2 10/19/201 00:00.0 -3958757 3328944 3719536 5 12 46321 2.9903 4.0343 2392 2.3332 -3.4374 0 0 -0.4363 -0.3141 -0.8954 3328944
3 10/18/201 00:01.0 -3958757 3328944 3719537 5 12 46321 2.99  4.0345 -2.3914 2333 -3.4373 0 0 -0.19 -0.5315 -0.8496 3719537
4 10/18/201 00:02.0 -3958757 3328944 3719537 5 12 46322 29898 4.0347 -2.3908 2.3328 -3.4372 0 0 -0.2264 -0.3327 -0.5829

5 |10/19/201 00:03.0 -3958757 3328944 3719537 5 12 4.6322 2.9895 4.0349 -2.3903 2.3326 -3.4372 a 0 -0.133 -0.2952 -0.6306

6 10/19/201 00:04.0 -3958757 3328944 3719537 5 12 46323 2.9893 4.0351 -2.3897 2.3324 -3.4371 0 0 -00214 -0.215 -0.6493

7 10/19/201 00:05.0 -3958757 3328944 3719537 5 12 46323 29891 4.0353 -2.3801 2.3321  -3.437 0 0 -0.0699 -0.273 -0.7439

8 10/19/201 00:06.0 -3958757 3328944 3719537 5 12 46324 2.9888 4.0355 -2.3886  2.3319 -3.437 o 0 -0.0355 -0.2029 -0.8246

9 10/18/201 00:07.0 -3958757 3328944 3719537 5 12 46324 2.9886 4.0357 -2.388  2.3317 -3.4369 0 0 -0.2441 -0.0897 -0.7474

10 10/19/201 00:08.0 -3958757 3328944 3719537 5 12 46325 2.9884 4.0359 -2.3874 2.3315 -3.4369 0 0 -0.1769 -0.2269 -0.6565

11 10/19/201 00:09.0 -3958757 3328944 3719537 5 12 46325 2.9881 4.0361 -2.3869 2.3313 -3.4368 0 0 -0.0839 -0.2666 -0.6313

12 10/19/201 00:10.0 -3958757 3328944 3719537 5 12 46326 2.9879 4.0364 -2.3863 2.331  -3.4367 0 0 01246 -0.2176 -0.4381

12 10/19/201 00:11.0 -3958757 3328944 3719537 5 12 46326 2.9877 4.0366 -2.3858 2.3308 -3.4367 o] 0 0.1875 -0.1391 -0.4246

14 10/18/201 00:12.0 -3958757 3328944 3719537 5 12 46327 2.9874 4.0368 -2.3852 2.3306 -3.4366 0 0 -0.1164 -0.1082 -0.1677
15/10/18/201 00:13.0 -3958757 3328944 3719537 5 12 46327 2.9872 4.037 -2.3846 23304 -3.4366 0 0 -00817 -0.087 -04315

16 10/19/201 00:14.0 -3958757 3328944 3719537 5 12 4.6328 2.987 4.0372 -2.3841 2.3302  -3.4365 a 0 -0.2193 -0.0508 -0.2394

17 10/19/201 00:15.0 -3958757 3328944 3719537 5 12 46329 2.9867 4.0374 -2.3835 2.3299 -3.4364 0 0 -0.0611 -0.2474 -0.3795

18 10/19/201 00:16.0 -3958757 3328944 3719537 5 12 46329 2.9865 4.0376 -2.3829 2.3297 -3.4364 0 0 01277 -0.4355 -0.5327

19 10/19/201 00:17.0 -3958757 3328944 3719537 5 12 4.633 29862 4.0378 -2.3824 23295 -3.4363 0 0 02707 -0.5634 -0.6436

20 10/19/201 00:18.0 -3958757 3328943 3719537 5 12 4.633 2,986 4.038 -2.3818 23293 -3.4362 0 0 03553 -0.6226  -0.662
21/10/19/201 00:19.0 -3958757 3328944 3719537 5 12 46331 2.9858 4.0383 -2.3812 2.3291 -3.4362 0 0 01362 -0.4972 -0.2607

22 10/19/201 00:20.0 -3958756 3328944 3719537 5 12 46331 2.9855 4.0385 -2.3807 2.3288 -3.4361 0 0 07499 -0.4914 -0.6999

22 10/19/201 00:21.0 -3958757 3328944 3719537 5 12 46332 2.9853 4.0387 -2.3801 2.3286 -3.4361 0 0 04165 -0.3971 -0.6656

Figure 03: Calculation of error i

n data of M8T receiver
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Figure 04: Error calculation of data in M8T receiver
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Figure 05: Error calculation in data for NetR9
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Figure 06: Error calculation in data for NetR9
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Figure 13: Generated graph and data using RTKDroid
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1.4, RECOMMENDATIONS

Based on this training course the following recommendations were derived:

a. The prepared training course was compact,
b. The training should focus in the hands-on application, and
c. The data results analysis should be discuss further and explain well, and give examples in

the real life applications.
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