Philippine SENTINEL
Space
Agency

GNSS Techniques for
Water Level Monitoring

Luis Carlos Mabaquiao
Department of Geodetic Engineering
University of the Philippines




About Me
Giooea

Ala borato

pplications-_ ]

Geo+

GLOBAL NAVIGATION SATELLITE SYSTEMS
INSTRUCTIONAL LABORATORY

Philippine REI\TINH
Spac
AQ cy



Accuracy vs. Scale vs. Cost
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Positioning — Trilateration
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Positioning — Satellites

Global Navigation Satellite System

« Constellation of satellites providing signals from
space that transmit positioning and timing data to
GNSS receivers.

* Provide autonomous positioning with global
coverage

* Determine the location using time signals




GNSS Positioning

What do we need to know?

1. 'Locatlon of the Satellite
2. 'Tlme signal was sent

3. Speed of signal
4. Time signal arrived

Provided in Nav. File
Ephemeris




GNSS Positioning Modes

—— PPP (Precise Point)

Point Positioning

-~ DGNSS (Differential)

Relative Positioning ——




Kinematic Positioning
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ORI= 35.666342230° 139.792210090° 59.7350m)

Ri= 4 ° 139, ® 59.7350m)|
et v et e g o et e AVE=E:-0.0160m N:-0.0395m U: 0.1039m

ORl= 35.666342230° 139.792210090° 55.7350m

AVE=E:-0.2368m N: 1.1001m U:-0.6957m AVE=E:-0.0000m N: 0.0002m U: 0.0028m
ID=E; 0.7 m U; 18977 Lt D STD=E: 0.0017m N: 0.0015m U: 0.0039m
LRMS=E: 0.8164m N: 1.4131m U: 2.0212m 20: 3.2639m - N RMS=E: 0.0017m N: 0.0016m U: 0.0048m 20: 0.0046m

~ 50 cm grid e 5 cm grid

SPP (Single Point) DGNSS (Differential) RTK (Kinematic)
Code Observable Phase Observable
Pseudorange Carrier Phase

*Slide from Dr. Dinesh Manandhar, CSIS, The University of Tokyo
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Why monitor water levels?
. Climate Change Adaptation

1

2.
3.
4.
S
6

Flood Risk Management
Erosion — Loss of Land
Economic Considerations

. Water Supply Management
. Agricultural Impacts




How to monitor water levels?
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Schematic of a Tide Gauge Rod

Measurement System

- Surveyor’s

Surveyor’s Lo

i Level

Tide ()
Gauge @
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De Grandpre, Kimberly. (2015). Relative Sea Level Change In Western Alaska
Estimated From Satellite Altimetry and Repeat GPS Measurements.
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SAN FERNANDD
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Expensive
Painful
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Low Cost GNSS
Receiver System




Why choose low cost GNSS?

1. Cost Effective
2. Widespread Deployment
3
4.
3

. Accessibllity
Equivalent Performance
. Tied to a Reference System
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1PCS ZED-F9P-02B-00 ZED-F9P-02B GN
Modules u-blox AG

Condition: New

Quantity: "I ’ 5 available

Price: US $179.90

Approximately PHP10,151.80

Best Offer:

© Add td 176 )

u-blox F9 dual band L1/| #18,599
NEO-FOP-15B module high precision F
Grade LGA, 16x12 mm, 4

High precision GNSS multi frequency centimeter

level low power consumption UBLOX ZED-F9P RTK
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Micro USB Antenna

Port

Power
Supply

Port

Radio
UART) Port

T
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Zed FOP —
Board Plane

Micro USB . Patch
Cable X\~ Antenna
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GNSS Positioning Modes

—— PPP (Precise Point)

Point Positioning

-~ DGNSS (Differential)

Relative Positioning ——




GNSS Positioning Modes

Reflectometry

—— PPP (Precise Point)

Point Positioning

-~ DGNSS (Differential)

Relative Positioning ——




Water Level Monitoring using
Kinematic Positioning

(Dizon, Penales, Reyes, Mabaquiao)




General Workflow

Setup Materials and Equipment
Phase BM Establishment
Data 24 hour observation
Collection Raw observation retrieval

DE]F:] RTK Processing
Processing (+ PPK Processing)

Performance Accuracy and Integrity
Analysis Continuity and Costing
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Kinematic Setup

GNSS __ Data Connection Base Station
Receiver ‘=

Antenna

Solar Controller

7

Solar Panel
40W,

Floater PC
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Kinematic Setup g e Nop i l

GNSS ~— Data Connection Base Station

Receiver >
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Kinematic Setup

Base Station

LR i

:;m f , e Geodetic antenna e e e e e e e e
-:"I'l'lvl

- o = \--_.,,_\_
u-blox base sta. ' -' ~ [
g
=kl Desktop PC i
L —

e
Trimble NETR9 13
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Low Cost

Rover Receiver
UBX Zed F9P ®

kinematic processing

UBX Zed F9P

@
Low Cost
Base Station ((?))

Setup 1 (LC-LC)
Low Cost: Rover
Low Cost: Base
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kinematic processing
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Setup 2 (LC-SG)
Low Cost: Rover
Survey Grade: Base

Low Cost
Rover Receiver
UBX Zed F9P

Survey Grade
Base Station
Trimble Net R9




Kinematic Setup

GNSS __ Data Connection Base Station
Receiver ‘=

Antenna

Solar Controller

7

Solar Panel
40W,

Floater PC
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Base Station

|
GNSS Data Connection
| P~
Receiver ‘=

Antenna

Solar Controller

Floater , PC
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u-blox
patch antenna

N

nels =

= , i ! =
ZED FOP . 7 Y %L solar panels
Mini PC S i

« C099-F9P

» Beelink
computer

« solar battery
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Low-cost RTK Setup Survey grade RTK setup

Trimble u-blox Trimble
antenna antenna antenna
u-blox base u-blox NetR9 base
receiver rover receiver receiver

A
Beelink
PC

strsvr
(NTRIP server)

h 4
Desktop
PC

Trimble
(NTRIP server/caster |
send RTCM corrections)

Desktop
PC

strsvr
(NTRIP server |
convert UBX
corrections to RTCM)

-

EMLID
(NTRIP caster |
send raw rover

observations)

EMLID
(NTRIP caster |
send RTCM corrections)

RTKNAVI
(NTRIP client |
real-time kinematic)

M e mh e e e e e e e e e e e e e e e me me e R e e e e e
M e e e e e e e e e e e e e e e e e e e e Ee e Ee me Ee e E e e e e e

R T T T . Lk

RTK performance
assessment:

Corrected « remove outliers accuracy

.
solution files via IQR RTKPLOT = integrity
(.ubx) « time alignment « continuity
« availability
« costing
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RTK Processing

 Real time data streams

o strsvr: stream RCTM
corrections

« Emlid caster: send rover data

« RTKNAVI: perform RTK
processing

« RTKPLOT: plot real time
solutions




Setup 1 (LC-LC)

Setup 2 (SG-LC)
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LC-LC Setup Average Water Level (based on MSL) LC-LC Setup Average Water Level (based on MSL)
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Setup 1 (LC-LC)
5.65¢cm difference

Setup 2 (SG-LC)
5.37cm difference

Field readings (cm)

10

Field readings vs. LC-LC RTK

Field readings (cm)
>

Field readings vs. SG-LC RTK

|

4
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<+ < < < <+ e e v
Day Day
—eo—[n-situ water level RTK-derived water level —e—In-situ water level RTK-derived water level
Results: Accu racy
| |
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RMS U - D Direction (cm)

Low Cost Survey Grade

RTK PPK RTK PPK

MIN 1.68 1.31 1.59 1.35
MAX 2.74 1.96 3.26 3.18

Results: Integrity




% Fixed solutions (survey grade setup) % Fixed solutions (low-cost setup)

Day RTK PPK Day RTK PPK
May 2, 2023 96.73 99.38 April 18, 2023 68.95 83.35
May 5, 2023 93.41 92.87 April 19, 2023 98.12 99.22
May 6, 2023 96.19 99.05 April 20, 2023 89.08 85.74
May 7, 2023 87.4 99.92 April 21, 2023 99.35 96.03
May 11, 2023 97.85 99.68 April 22, 2023 98.2 88.93
May 12, 2023 97.13 98.16 April 24, 2023 95.33 93.83
May 13, 2023 97.81 97.14 April 25, 2023 70.82 89.2
May 14, 2023 98.34 98.73 April 26, 2023 95.48 95.71
May 15, 2023 98.17 99.12 April 27, 2023 2087 99.2
May 16, 2023 92.08 99.87 April 28, 2023 99.37 97.96

Results: Continuity
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% Fixed solutions (survey grade setup) % Fixed solutions (low-cost setup)

Day RTK PPK Day RTK PPK
May 2, 2023 96.73 99.38 April 18, 2023 68.95 83.35
May 5, 2023 93.41 92.87 April 19, 2023 98.12 99.22
May 6, 2023 96.19 99.05 April 20, 2023 89.08 85.74
May 7, 2023 87.4 99.92 April 21, 2023 99.35 96.03
May 11, 2023 97.85 99.68 April 22, 2023 98.2 88.93
May 12, 2023 97.13 98.16 April 24, 2023 95.33 93.83
May 13, 2023 97.81 97.14 April 25, 2023 70.82 89.2
May 14, 2023 98.34 98.73 April 26, 2023 95.48 95.71
May 15, 2023 98.17 99.12 April 27, 2023 2087 99.2
May 16, 2023 92.08 99.87 April 28, 2023 99.37 97.96

Results: Continuity
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Component LC-1C Setup SG-1C Setup

Ublox Zed-F9P £ 18,000 £ 18,000
Beelink DDR4 8GB+512GB & 10,000 & 10,000
SSD
Solar Panel #4,500 4,500
Rover Receiver Solar Controller # 140 £ 140
System
Lifepo4 Prismatic Solar 55000 & 5,000
Sl Results:
Pocket Wi-Fi & 700 £ 700 C ) .
Housing and PVC Pipe £ 2,000 £ 2,000 OStlng
Trimble NetR9 reference
: ublox Zed-F9P: # Receiver: # 1,117,030
Base Receiver .
Gt Base Receiver 18,000
X Zephyr Geodetic Antenna
# 122,275
Total Cost £ 58,340 # 1,279,645
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2023/06/27 21:47:29.1 LT

bm

U-D [m)

ORI= 14.654269280°N_121.063158400°F 44.47
AVE=57.1143m S5TD=0.5313m RM5=57.116

56.95
56,90
56.85
Solution g | 680

N 14° 39’ 15.3697

56.75

E 121% 03 47 3708 |56.70
He 101129 m 6 : ]

56.30

5625

56.20
56.15

2b, 10

56.05

Mort 56.00
13:47:54
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Water Level Monitoring using
GNSS Reflectometry

(Cruz, Molleno, Mabaquiao)




Satellite Orbits and
Clocks

Atmospheric
Delay

Precise Earth 4§
Multipath / Model
Reflections : '
*Receivers also measure
signal strength e —
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Satellite Orbits and
Clocks

Atmospheric
Delay

Precise Earth 4§
Multipath / Model
Reflections :
*Receivers also measure
signal strength e :
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*Receivers also measure
signal strength
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*Receivers also measure
signal strength
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As the satellite rises, the elevation angle increases.
The reflection point gets closer to the antenna

*Receivers also measure
signal strength
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Direct + Reflected = Interference Pattern
Constructive or Destructive
As the satellite rises or sets, the receiver records the
interference patterns

*Receivers also measure
signal strength
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Interference Pattern — SNR Data

* Frequency directly related to H, distance between the
antenna and reflecting surface (Reflector Height)

« Surface dictates how strong the reflection is

* Depends on surface type and geometry

*Receivers also measure
signal strength




Setup
Phase

 Site Selection
* Materials and
Equipment
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General Workflow

Data DE]¥:]
Collection Processing
« 24 hour observation * Reflection Zones
for 2 weeks  RINEX-SNR
« Ublox to RINEX 2.11 Conversion

conversion  Quality Control
« GNSS - IR

Data
Analysis

 Orientation
Comparison

* Frequency Analysis

 Tide Gauge and
GNSS-IR
Comparison

» Cost Analysis




Kinematic Setup

GNSS — Data Connection
Receiver ‘=

Antenna

Solar Controller

my 4

Solar Panel —
40W =
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Reflectometry Setup

Antenna 1 GNSS Data Connection

(ZENI) Receivers
| ik il J=[F] i Solar Controller
y R | o0
Antenna 2 i HE i
(SIDE) | s EeRL

PC Battery sm;;(mna =
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100 Watts PV

Antennal
(ZENI)

!

I

i _______________ Antenna 2
| 7 (SIDE)
!

|

|

|

|

1

20 Amps C-Controller

Solar
Controller

SOLAR CHARGE CONTROLLER

ALLPOWERS

Receivers

OO0 000

|
I L 2
o
Pocket
Wifi |

ﬂ

Computer

16 Amps DC Breaker

100 AH Gel Battery
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Map Satellite - Map Satellite

- _'_-._' l-‘" _-_:. "
U i W
Google” "

_—e

-4 3 e ' Nirn Y,
. f. J!,v -

s &5 | Map Data | 20 M e | Terms

3 | Map Data | 50 M b1 | Terms | Report a mabp error

Limay, Bataan
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Lamao Port
Limay, Bataan

Latitude

14°30.86'N

Coordinates

14°30.80'N

14-30-51.24

Longitude

120-36-41.45

14°30.75'N

Ell. Height

504 m

Philippine
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120°36.55'E 120°36.66'E 120°36.77°E

aynila mama
le_ream1

0 200 400 km
[
Bataan Tide Scale 1:20M
Gauge Station

% Philippine Coast
wsGuardf: Coast Guard.

Scale 1:1600
50 100 m

L
Projection WGS 84 UTM Zone 51N

0 10 20km
|

Scale 1:1.7M

120°36.55'E 120°36.66'E 120°36.77°E

N,98'0€orT

N,08'0EobT

N,SZ'0EobT




Solar panel with frame

Philippine SENTINEL
Space
Ageney -



Reflection Zones (Lamao Port)
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Reflection Zones
(Lamao Port)

Length of Area of

Distance from

Elevation . Fresnel Fresnel
Station (m)
Zone (m) Zone (m?)
B 37.571 86.496 506.318
13° 17.562 20.301 72122
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Accuracy (%)

&

Accuracy Comparison by Satellite Frequency

80 |

60 1

20

Philippine
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81.90%

78.80%

56.30%
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85.00%

71.30%

68.00%

56.30%

&
o

Satellite Frequencies

82.50%

62.60%

55.30%
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Retrieval Count Comparison by Satellite Frequency
609 608

EEm SIDE
e ZENI

600 -

500 497 492 497 492

400 -

300 -

Retrieval Count

200 -

100 ~

N\
& Q O
& 62" e (O

Satellite Frequencies
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reflector height (m)

reflector height (m)
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volts/volts
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meters

Applying Corrections and Outlier Filtering

BTNA Reflector Heights

+  w/o RHdot 0.123m . ' "
5.0 4 - spline & e # _ﬁ 3 .
+  wRHdot 0.115m F ¢ !’ 1 ‘ i il 3
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RH residuals
+ allpts
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BTNB Reflector Heights
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Tide Gauge Comparison (SIDE)

Tide Gauge vs GNSS-IR Measurements

GNSS Correlation 300 | — Tie gauge (m .
RMSE (cm) MAE (cm) : :

s  GLO (m)

Frequency Coefficient T e,

GPS+GAL (m)
GLO+GAL (m)

GPS 4.200 3.283 0:8995

Measurements (m)
~
o
s

175
GLO 10.147 6.897 0.974
150
125
GAL 29991 17.410 0.693 100
r](h :lD« rlh 19- rlh 7} 1& ‘LD« ‘L& ‘lh 1& 1} 1& ‘)/D« 1& 1h rlh
L I T I | i | L LY | P L
B PN N S LA LY L L B LR SN S L PN

Date and Time

GPS+GLO 3.228 2.626 0.997

Tide Gauge vs GPS+GAL (m)

—— Tide gauge (m)
GPS+GAL (m)

GPS+GAL 3.769 2.909 0.996

GLO+GAL 5.048 3:955 0:9895

Measurements (m)

ALL 4175 3.435 0.997
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Tide Gauge Comparison (SIDE)

—— Tide Gauge (m)
GNSS-IR (m)

2.75 1

2.50 4

2.25 A

2.00 1

Height (m)

1.75 1

1.50 1

1.25 4

1.00

Date and Time

SENTINEL
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GNSS-IR (m)

Tide Gauge Comparison (SIDE)

Tide Gauge vs GNSS-IR

» RMSE: 4.175131 cm W
2.75 1 + MAE: 3.435128 cm
« Correlation Coefficient: 0.997271 ?
o’
2.501 Difference between Tide Gauge and GNSS-IR adjusted over Time
—— Tide Gauge - GNSS-IR adjusted
0.10
2.25
2.00 A £ o051
3
X
o
o
-4
175+ w0004
W
z
Q
o
1.50 4 g
O -0.05 4
2
= b
1.25 E
&£ -0.10 4
8
T T T T T -
1.00 1.25 1.50 1.75 ) 2.00 Max deviation: 0.121 m
Tide Gauge (m  _g35 | on 2024-07-26 18:00:00
o A o )
& & & 6\:9' o
3 o o o B
& & & -~ &

Date and Time
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Tide Gauge Comparison (ZENI)

Tide Gauge vs GNSS-IR Measurements

GNSS MAE Correlation 2001 G TEERW
|+ som P ; : Y
Frequency (cm) Coefficient L Gsidlom 2 & :
| GPS+GAL (m) & b i 1 4 g 4
250 GLO+GAL (m) 4 '
£33 ::q A ‘ L 2 :i\ :\4 :
GPS 12.930 11.620 0.988 : i , flia AR et
§ 2.00 o b 5 e } |
§1,75- 2y - ] i “‘ { f: 5 r ‘: / : . /; /:
GLO 12.088 | 9.829 0.973 4 iy -
1.25 4 ? . & Y
GAL 13.913 11.838 0.981 S
xc,\ﬁ“lniie,\ﬂ"‘l@;\ﬁ‘\m@;@“‘101;\“"‘1Q11n\°”‘\101;\°‘\101:1\01naizs\O“ﬂQI:h\Q‘ﬂ‘)l:aﬁ‘n&;\‘f‘\101:1\0‘@1;\01‘101;\0‘\101;\01901:&\01\101&

GPS+GLO | 12.382 | 11.508 0.992

Tide Gauge vs GLO (m)

L = [ T Tide gauge (m)
GPS+GAL | 12463 | 11.749 0.994 5 3 -
2 ¥ .
2.50 4 e ,'-.
GLO+GAL 10.234 93565 0.992 gl P s 2
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Tide Gauge Comparison (ZENI)
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GNSS-IR (m)

Tide Gauge Comparison (SIDE)

Tide Gauge vs GNSS-IR
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GNSS-IR Tide Gauge

U-blox Zed-F9P

) P 9,000
receivers
U-blox ANN-MB1
Aon P 4,000 |Radar or

pressure-type
Beelink Mini Computer | P 10,000 | tide gauge P 350,000
S instrument

1 Pocket Wifi P 5,000

(medium-end)

1 Housing (Megabox) P 2,000

Total P 30,000
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Component

GNSS-IR Station

Tide Gauge Station

Instrument and housing P 30,000 P 350,000

Power supply system P 10,000 P 50,000

CluI orks ang P 8,000 P 100,000
Fabrication

Total P 48,000 P 500,000
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Thank you for your time!
Ismabaquiao@up.edu.ph




