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Abstract

Research and Development on Ground Monitoring Using GYRO
Sensor and GNSS With Lora Transmission Technology

ABSTRACT

The monitoring system's ability to effectively transmit the test signal to the backend
server and upload it to the cloud in real-time before, during, and after slope disasters has
always been a critical issue in disaster prevention technology. Long-range low-power
wide-area network (LPWAN) communication technology has been increasingly mature
and widely used in urban areas in recent years. However, in sloped areas, the
functionality and stability of LPWAN, particularly Long-range (LoRa) technology, are
crucial and need to be verified due to the vast terrain, limited power supply, and base
station deployment restrictions.

In the year 2018’s project, it was found that LoRa has extremely low power
consumption, with a general communication frequency of approximately once every 10
minutes, allowing it to sustain service for about 816 days at full load. Stable
communication effects were observed using LoRa in small-scale landslide areas in the
Minghsin University campus, the debris flow observation station in Shinmu Village,
Nantou County, and the Siji settlement in Datong Township, Yilan County. Even with a
I-meter thick concrete obstacle along the communication path, good communication
quality was maintained. The experiment showed that LoRa can achieve communication
effects of at least 2.5 km in open areas, with communication quality being best on
overcast days, followed by clear days, and worst on rainy days.

In the year 2019°s year project, the experiment method from the former year was
continued, and it was found that vegetation may have a higher impact on communication

quality compared to terrain and weather. Additionally, a dual-machine division method
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was successfully developed, using a peer-to-peer (P2P) communication approach to
relay signals from the transmitting end to the receiving end, effectively reducing signal
loss rates in the same environmental conditions. This method, compared to the
development of single-machine dual work, has lower costs and is a pioneering effort in
the industry. However, due to the initial development, industrial-grade computers were
used to overcome on-site weather conditions, resulting in high costs and power
consumption (60W). Therefore, in the year 2020°s project, a higher transmission
efficiency, more stable system, and lower power consumption LoRa module were
adopted for transmission testing between Shinmu Village and Zhushan Heliport,
covering a distance of approximately 4 kilometers, which was successful, but stability
still needs further exploration. Furthermore, NB-IoT had been evaluated and analyzed
for signal loss rates in Xindian District, New Taipei City, with unsatisfactory results.
The current project aimed to conduct tests in Shinmu Village, comparing different
telecommunications operators, showing initial progress.

The year 2021°s project's key focus, in addition to continuing long-term testing on-
site, was to create a simulated communication quality experimental site at the Minghsin
University campus, simulating different weather conditions and vegetation interference
through a watering system to test various possible on-site scenarios. Furthermore, the
project aimed to explore the impact of different installation heights and angles on
communication quality.

In the year 2022’s project, based on the rich experience from previous years, the
Shinmu debris flow observation station was selected as a demonstration site to establish
and verify a low-power wide-area network for monitoring potential landslide areas,

including the generation of soil and debris in the upper reaches of the stream, the
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transportation of soil and debris in the middle and upper reaches, and the overflow outlet
before the affected area. The monitoring devices currently installed include crack
meters, inclinometers, and rain gauges, which are the most common and timely
monitoring equipment in slope monitoring. With a LoRa Node frequency of once every
2 minutes, the overall power system can be fully loaded.

For slopes where it is not possible to install ground displacement monitoring
equipment, surface displacement monitoring becomes more important. If it can be
deployed in large numbers and operate stably in slopes without communication and
power supply, it can provide a significant amount of slope displacement information.
The year 2023’s project aimed to develop and improve the use of global navigation
systems and long-range low-power wireless transmission technology for surface change
monitoring, with the goal of sharing the current GNSS's high power and 4G
communication requirements or overcoming the need for surface change monitoring in
areas without power and 4G communication. It obtained good verification in the
Shuiluan landslide area in Jianshi Township, Hsinchu County, with an accuracy of less
than 1cm, and recorded the complete movement trajectory in a landslide event.

The monitoring technology for slope movements is constantly evolving, and the cost of
monitoring changes within the ground is quite high, increasing significantly with depth.
In slopes where it is not possible to install internal ground monitoring instruments (such
as inclinometers, IPI, SAA, etc.), such as the Shuiluan landslide area in Jianshi
Township, Hsinchu County, and the Guanghua landslide area in Fuxing Township,
Taoyuan County, it is necessary to estimate internal ground changes through surface
changes. The satellite positioning and real-time calculation system GNSS can obtain

surface coordinates and estimate surface changes, but cannot estimate the depth of
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possible sliding surfaces. Surface inclinometers or accelerometers can only obtain
surface slope changes but cannot estimate possible surface changes. Combining the two
will help estimate internal ground changes, such as sliding surface depth and speed.
Both of these sensors require a large amount of power and communication services to
function, but on-site power and communication quality are often heavily restricted.
Therefore, the introduction of long-range low-power wide-area network transmission
technology will help with GNSS and inclinometer integration for internal ground
change investigations, especially in large-scale potential landslide areas with limited
transportation, power, and communication, such as the Shuiluan landslide area in Jianshi
Township, Hsinchu County, and the Guanghua landslide area in Fuxing Township,

Taoyuan County.
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GNSS-RTK plus LoRa IoT(GNSS data)

ryvs v HEG00MEI0N B ™ | SC:\DATA\GNSS\20211009.txt | +HARAF I

= 49%x49mm

24.860048350

24,860048300 -}

24.860048250~

24,860048200 ]

24,860048150-]

24,860048100-
WGS-84 E(X)

120.986866900
120.986866800-]
120.986866700]
120.986866600-]
120.986866500-]

WGS-84 |

120.986866400 |
120.986866300 -

75.050-

24.86004810-1 - - - - - '

120.98686630 120.98686640 120.98686650 120.98686660 120.98686670 120.98686680 120.98686690

: @e| WGS-84 E(X)

RMS D ({550 -
ol ’ Record time GNSS Trmer | WGS-84 N(Y) | WGS84 E(X) | S | H(Z) [RTK| Age | Ratio | D(m) |Degree |4

8:07 |24.860048228 | 120.986866627 |17 | 74.937 | R 1.000|10.000 | 7.929 [303.43

24860048235 | 120.986866662 |17 | 74.922 1.000/10.000 | 7.927 |303.45

2021/10/09 09: 24.860048250 | 120.986866640 |16 | 74.922 1.000/10.000 | 7.929 |303.45
2021/10/09 09: 24.860048252 | 120.986866632 |17 | 74.937 1.000/10.000 303.45
2021/10/09 09 24.860048215 | 120.986866567 | 16 | 74.915 1.000/10.000 303.39

2021/10/09 09:

24.860048227 | 120.986866588 |17 | 74.918
2021/10/09 09:58:04 24.860048230 | 120.986866600 |17 | 74.938
2021/10/09 10: 24.860048168 | 120.986866632 |17 | 74.915 |
2021/10/09 10:02:04 | 9:59:44 124.860048157 | 120.986866552 | 16 | 74.936
2021/10/09 10:04:04 | 10:02:06 |24.860048200 | 120.986866665 |21 | 74.935
2021/10/09 10:10:04 | 10:06:50 |24.860048233 | 120.986866660 | 20 | 74.923
2021/10/09 10:12:04 | 10:09:12 |24.860048298 | 120.986866630 | 20 | 74.941
2021/10/09 10:14:04 | 10:11:34 |24.860048212 | 120.986866618 |20 | 74.931
2021/10/09 10:20:04 24860048208 | 120.986866533 | 20 | 74.909
2021/10/09 10: 24.860048280 | 120.986866708 | 20 | 74.937
2021/10/09 10:30:04 | 10:28:08 |24.860048257 | 120.986866727 |19 | 74.938
2021/10/09 10: 4 | 10:32:52 124.860048198 | 120.986866683 |21 | 74.937
2021/10/09 10:38:04 | 10:35:14 |24.860048282 | 120.986866637 | 22 | 74.917

1.000/10.000 | 7.932 |303.41
1.000/10.000 | 7.931 |303.42
1.000/10.000 | 7.925 |303.39
1.000/10.000 | 7.931 |303.35
1.000/10.000 | 7.924 |303.42
1.000/10.000 | 7.927 |303.44
1.000/10.000 | 7.933 |303.47
1.000]10.000 | 7.929 |303.41
1.000/10.000 | 7.936 |303.38
1.000/10.000 | 7.925 |303.49
1.000/10.000 | 7.922 |303.49
1.00010.000 | 7.923 |303.43
1.000/10.000 | 7.932 |303.47

2 |22 »|2| > » 2 > » o D 6 o 00

9 18:00:00 21:00:00 00:00:00 03:00:00 06:00:00 10:38:04 i
2021/10/08 2021/10/08 2021/10/08 2021/10/08 2021/10/08 2021/10/09 2021/10/09 2021/10/09 2021/10/09
Date

W37 RS9 %

GNSS-RTK plus LoRa loT(GNSS data)
65-84 H(Y) ris v OO+ v

e

24.860048800-
24,860048600-]
24.860048400 -

24.86004880

e 150x150mm

24.860048200- 24.86004860-1

24.860048000~

24.860047800 24.86004850-

24.860047600-
65-84 E(X)

- 120.986867400-)
120.986867200-
120.986867000-
120.986866800~
120.986866600-
120.986866400-
120,986866200-
120.986866000 -}
120.986865800-!

3
g

24.86004760-F - - - - - - '
120.98686580 120.98686620 120.98686660 120.98686700 120.98686740
WGS-84 E(X)
7531 | el
srsmswEmme Record time GNSS Timer | WGS-84 N(Y) | WGS-84 E(X) | S | H(Z) |RTK|Age | Ratio | D(m) |Degree | A
2021/10/14 11:50:34 | 11:46:55 |24.860048220 | 120.986866618 |18 |74.941 | R 11.000,10.000 | 7.929 |303.42

000/10.000 | 7.937 |303.48 |
000/10.000 | 7.943 |303.43 |
000/10.000 | 7.934 |303.57 |
000[10.000 7.935 [303.48 |

2021/10/14 12:28:34 24.860048325 | 120.986866600 |22 | 74.927
2021/10/14 12:30:34 24.860048295 | 120.986866513 |22 | 74.932
2021/10/14 12:32:34 24.860048392 | 120986866700 | 22 | 74.896

2021/10/14 12:34:34 | 12:32:22 |24.860048317 |120.986866622 |22 | 74.937

2021/10/14 11:52:34 | 11:49:17 |24.860048290 | 120.986866602 |17 | 74.928 | R_|1.000|10.000 | 7.935 |303.46 |
2021/10/14 11:54:34 | 11:51:40 |24.860048293 |120.986866588 |18 | 74.933 | R 11.000/10.000 | 7.936 |303.45
2021/10/14 11:56:34 :02_|24.860048292 | 120.986866542 |18 | 74.936 | R 11.000/10.000 | 7.940 |303.44 |
2021/10/14 11:58:34 24.860048338 |120.986866633 |18 | 74.931 | R 1.000/10.000 | 7.935 |303.50 |
2021/10/14 12:04:34 24.860048223 |120.986866495 |16 | 74.954 | R_1.000/10.000 | 7.940 |303.37 |
2021/10/14 12:06:34 | 12:03:40 |24.860048462 |120.986866738 |17 | 74.840 | R [1.000/10.000 | 7.936 [303.63
12:10:34 | 12:08:32 |24.860048350 |120.986866753 |16 | 74.859 | R [1.000|10.0007.927 [303.56 |
Satellite NO. 12:12:34 | 12:08:32 |24.860048350 | 120.986866753 16 | 74.859 | R [1.000/10.000 | 7.927 |303.56
12:16:34 | 12:13:16_|24.860048185 |120.986866535 |16 | 74.977 | R_1.000|10.000 | 7.934 |303.36 |
12:20:34 | 12:18:05 |24.860048280 |120.986866838 |16 | 74.908 | R 11.000/10.000 | 7.915 |303.55
12:22:34 24.860048338 | 120.986866628 | 21 | 74.919 | R [1.000/10.000 | 7.936 |303.50 |
12:24:34 24.860048338 | 120.986866628 |21 | 74.919 | R 1.000|10.000 | 7.936 |303.50 |
12:26:34 24.860048313 120986866598 |21 | 74.929 | R _1.000,10.000 | 7.937 |303.47

R L.

R 1.

R L.

R

: 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 ! i
2021/10/08 2021/10/09 2021/10/10 2021/10/11 2021/10/12 2021/10/13 2021/10/14 2021/10/15 =
Date
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# 4-12 Rover (GL003)
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VDC> 7 £ % &% -
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TR REFIEEBELSAE

PR o WG LT R B Y~ R
AEE LR RE DL AR TR L

o “\#’1:7} :>':l_’§l73~11239’;2194t;&

LoRa-1oT | E/N/H | E(X)N(Y)}-TWD97 | D/Sateite | GNSSLoRa Data | GNSS-RTK LoRaloT Viewer “u|C:\DATA\GNSS\SR\GNSSLoRa97003.txt ‘

s1 HEwm | s2

0 i
00:00:00 00: UD a0 00: DD 00 oo UD 0o 00:00:00 00:00:00

i 3 d
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
2022/07/102022/10/082023/01/062023/04/06 2023/10/032024/01/01 2022/07/102022/10/082023/01/062023/04/06 2023/10/032024/01/01
Date Date
Battery HEm Y Temp. SR o

Degree C

0 0 i
00:00:00 00:00:00 00:00:00

00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
2022/07/102022/10/08 2023/01/06 2023/04/06 2023/07/05 2023/10/03 2024/01/01 2022/07/10 2023/01/06 2023/07/05 2024/01/01
Date Date

RSSI “HEE | | count(Total) R |
175-
150-

125- r
100-
75-
50-
25-
o-}
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
2022/07/10 2022/10/08 2023/01/06 2023/04/06 2023/07/05 2023/10/03 2024/01/01 2022/07/102022/10/082023/01/06 2023/04/062023/07/052023/10/032024/01/01
Date Date

#® 4-13 Rover LoRa-IoT = % [

2. GL003(0)GNSS-RTK 2% 4 (4- 8] 4-14)
® TWD-97 E(X): & 279431.04~279430.90 ¥ -
® TWD-97 N(Y): & & 2723150.57~2723150.70 F¥ -
® H(Ellipsoidal): ) - 1204.35~1204.60m & -
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FU* FhE TR LI AR RN E RS RO R R T R AF
7

GNSS-RTK LoRa-ToT Viewer | 3C:\DATA\GNSS\SR\GNSSLoRa97003.bxt

LoRa-IT  E/N/H | E(x)N(Y)}-TWDe7 | DjSatelte | GNSSLoRa Data

MIN. E{m) | 279430.110 | MAX. E{m) | 279431.860

RMS X

TWD-97 E(m)

279431.04 -

1
00:00:00
2023/12/02

0 | 0 i |
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
2023/02/05 2023/04/06 2023/06/05 2023/08/04 2023/10/03
Date

MIN. N(m) | 2723150.525 | MAX.N(m) [ 2723153.702 | rusv [ESlSDdsaonl = I

i 1 0
00:00:00 00:00:00 00:00:00
2022/06/10 2022/08/09 2022/10/08 2022/12/07

TWD-97 H(m)
2723150.78-

i 0 i i 0 0 0 0 i

00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
2022/06/10 2022/08/09 2022/10/08 2022/12/07 2023/02/05 2023/04/06 2023/06/05 2023/08/04 2023/10/03 2023/12/02
Date

MIN.H(m) | 1203374 | MAX.H(m) | 1207.343 | RMSZ [ 1204468 |
.

i i
00:00:00 00:00:00
2023/10/03 2023/12/02

0 0 0 0 0
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
2022/12/07 2023/02/05 2023/04/06 2023/06/05 2023/08/04
Date

i 0
00:00:00 00:00:00
2022/06/10 2022/08/09 2022/10/08

B 4-14 Rover GL003 GNSS-RTK = % [
GLO003(0)i#] b fr 2k =k BEHEL 5 766.445~766.759m fF » GLOO3(0):p] = f# & #c

9% 22~30 0 4o 4-15 #557 o
GLO00(0)3 |k #- WGS-84 A &4 5 TWD-97 {4 B ip|zk 2 i+ > 12 RMS
BPoE (B REEE) FTHBPESNCELBS T IZLZ Y

B
(4rB 4-16)> PR RBEHBEE T A o
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RS e L

#
o
Hels

LoRa1oT | E/M/H | E(X}-N(Y)}TwDe7 DfSatelte | GNSSLoRa Data | GNSS-RTK LoRa-oT Viewer | 3C:\DATA\GNSS\SR\GNSSLoRa97003. bxt

MIN. D | 765.445 MAX. D | 766.759 rMsD [ 766579 | jjﬂj

0 0 0 U 0 U 0 i 0
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
2022/06/10 2022/08/09 2022/10/08 2022/12/07 2023/02/05 2023/04/06 2023/06/05 2023/08/04 2023/10/03 2023/12/02
Date

Satellite NO.
2
o st e
30
28

26

24-
- 9 - e *e NS S SEME S 4 DS e - SIS E— D D SR SERCETED CEE ¢ I
22-] 1 I I e | o ool oalohlel lanleianllel

20" I v I v ! v ! v |
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
2022/06/10 2022/08/09 2022/10/08 2022/12/07 2023/02/05 2023/04/06 2023/06/05 2023/08/04 2023/10/03 2023/12/02
Date

] 4-15 Rover B|:LEE3 22 75 8§ W

LoRa-loT | E/N/H E(X)MN(Y)-TWD97 | p/Satelite | GNSSLoRa Data | GNSS-RTK LoRa-IoT Viewer | BC:\DATA\GNSS\SR\GNSSLoRa97003. txt

Data size
105912

X-Y Chart Range003

15 20
A I3
10~ -25
-
E /
=
~ il “30
[=x]
= A
= o 5 (+/-cm)

279430.978
3723150431 LY

279430.811 279430.900 279430.950 279431.000 279431.050 279431.100 279431.152
TWD97 E(m)

&) 4-16 Rover TWD97 7 &)
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ABEESPF D REFRE EFHS S F R RUNRS FUHRFLTE BT %
HF FEE A A kA2 B #2023 & 06 1 21 p 3 sk E 3 2 (7 GNSS-
RTK 3 BLiRI3E » SGURIERT 7163 2023 & 07 * 13 p {7 % %% LoRa-GNSS &
GNSS-RTK Rover ##3%k % *t ¢ [F 7 4 8 % 5 1§ 8 £ > LoRa-GNSS & GNSS-RTK
Base R4 W% 3tk FHWp F 5 > =7 F013)foAkIN(011) » & pl=bpe i Blfe
T EN S4B 4-17 foB 4-18 #77 » BT RIPFRE 5 2022 # 07 % 13 p 11:14 >
HOpRR T RME & Smin/= & 728 & TR @ YE RTCM 48 4 3 * 900 MHz; NMEA
# 4 F* 915MHz -

BASE % %45 T4 47 011 4v 013 ipl-(2022/07/13~2023/11/06) > 011 =
data $h & £ 17,596 £ > derg @ e &5 H ¥ B4 1,887 L FALEL 5 5 10.72% 1 013
b data $ A £ 20,387 & derf g w &R YR A 2303 £FEREL X5 11.05%

EREl | RAEE kemidion | HEEEN0 | X2EEio02 | System status
AR | RSHEN

01185 - GNS S(RTK),
013 80rk - GNS S(RTK), Bl a1, B =1 FR &5t

W 4-17 B ERFRE B
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LoRa-GNSS+GNSS-RTK Base(GW) Rover(011)

Rover(013)
W 4-18 % i@ ﬁo.l Bk

n

* &% F

3. LoRa-IoT 3% & (4r ] 4-13)
o ﬁﬁb“ﬁﬁ%ﬁiﬁ ©S1 2 S2 5 AT R -
® RIHTERX{A330~3.63VDC B F i€ 2 R R
® PIFEER 011 25 A 15~40 B2 B -
® Pzt RSSI: 011 2 -110~-125 FF ; 013 #:-105~-125 FF > >-100 %
M B2 - DFGEHF T RER-FY P~ 352X

ek o BEZR RSSI #ss e Wehh #p B MR ivf& 2 > & & %73 -
i ER

® PlHAHFAHE 0l $AZXTER T 013230 112# 107 19
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ki
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1
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s
LoRa-IoT | GNSS EfN/H | E(X)-N(Y)}-TWD97 | D/Satelte | GNSSLoRa Data | GNSS plus LoRa-ToT Viewer “=|C:\DATA\GNSS\KH\GNSSLORaQ?Ol1.t>ct ‘
s1 HRwm( s2
0.2055+ 0.3257-
0.2000- ]
0.3100-
0.1950-
§ 0.1900- § 0.3000-
0.1850 | 0.2900-]
0.1800 i
0.1759-4 I I ) ] 0.2703 -4 " " ; ]
00:00:00  00:00:00  00:00:00  00:00:00  00:00:00  00:00:00 00:00:00  00:00:00  00:00:00  00:00:00  00:00:00  00:00:00
2023/07/05 2023/08/04 2023/09/03 2023/10/03 2023/11/02 2023/12/02 2023/07/05 2023/08/04 2023[09/03 2023/10/03 2023/11/02 2023/12/02
Date Date
Battery 011 ﬂﬂJ Temp.
3.75-
3.60-]
(&)
o o
Y 3.50 b
= 3.40- g
3.30]
3.21- i i 0 0 d i i | d
00:00:00  00:00:00  00:00:00  00:00:00  00:00:00  00:00:00 00:00:00 00:00:00 00:00:00 19:04:03
2023/07/05 2023/08/04 2023/09/03 2023(10/03 2023/11/02 2023/12/02 2023/07/03  2023/08/04  2023/09/03  2023/10/03 2023/11/21
Date Date
RSSI 011 4 MJ Count{Total) +H MJ
99, 14
-110-]
-120-]
-130-]
-139- 1 1 I I 1 =il I I 1 I 1
00:00:00  00:00:00  00:00:00  00:00:00  00:00:00  00:00:00 00:00:00  00:00:00  00:00:00  00:00:00  00:00:00  00:00:00
2023/07/05 2023/08/04 2023/09/03 2023(10/03 2023/11/02 2023/12/02 2023/07/05 2023/08/04 2023/09/03 2023/10/03 2023/11/02 2023/12/02
Date Date
. ‘
W] 4-13(a) Rover011 # LoRa-IoT = ¥ ]
LoRa-10T | GNSS E/N/H | E(X)-N(Y)-TwD97 | D/Satelite = GNSSLoRa Data | GNSS plus LoRa-IoT Viewer %|C:\DATA\GNSS\KH\GNSSLoRa97013.tx't ‘
51 HEm | s2 il m) |
> 0.1000-
| | | d
00:00:00  00:00: :00: :00: 00:00:00  00:00:00 00:00:00 00 00:00:00  00:00:00  00:00:00  00:00:00
2023/07/05 2023/08/04 2023/09/03 2023/10/03 2023/11/02 2023/12/02 2023/07/05 2023/08/04 2023/09/03 2023/10/03 2023/11/02 2023/12/02
Date Date
Battery 013 +H MJ Temp. jjﬂJ
3.76-
3.60-]
U 30.00-
o 3.50- 3
> 3.40- g
a
3.30]
3.187} | i ; | i U U | d
00:00:00  00:00:00  00:00:00  00:00:00  00:00:00  00:00:00 00:00:00  00:00:00  00:00:00 01:04:19
2023/07/05 2023/08/04 2023/09/03 2023/10/03 2023/11/02 2023/12/02 2023/06/29  2023/08/04 2023/09/03 2023/10/03 2023/11/26
Date Date
RSSI 013 ﬂﬂj Count(Total) ﬂﬂJ
-100-, 1200y
-105-] 1000
-110-] 800
-115-] 600
-120-] 400
-125-] 200~
-130- 1 1 I 1 I D_\ 1 1 I 1
00:00:00  00:00:00  00:00:00  00:00:00  00:00:00  00:00:00 00:00:00  00:00:00  00:00:00  00:00:00  00:00:00  00:00:00
2023/07/05 2023/08/04 2023/09/03 2023(10/03 2023/11/02 2023/12/02 2023/07/05 2023/08/04 2023/09/03 2023/10/03 2023(11/02 2023/12/02
Date Date

#] 4-13(b) Rover013 # LoRa-IoT = % [§]
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TR ORER IS AE

4. GNSS-RTK 2% 4 (4- ] 4-14)
® TWD-97 E(X):011 # 4 & 289755~289765 ¥ ; 013 b ¥
289728~289738 ¥ o

® TWD-97 N(Y): 011 =5 % 2727992.00~2728000.10 fF ; 013 =k ¥

2728010~ 7 2728017 R o

® H(Ellipsoidal): 011 £ 5] £ 1120~11140m ¥ ;013 2 %) & 1120~1160

B o

LoRa-IoT ~ GNSS E/N/H | E{X)-M(Y)-TWDO7 | DfSatelte | GNSSLoRa Data | GNSS plus LoRa-IoT Viewer 8/C:\DATA\GNSS\KH\GNSSLoRa9701 1. txt

TWD-97 E(m) MIN. E(m) | 286731131 | MAX. E(m) | 201364.155 | RMS x [[OBOIGIESEN| =[] wm| I

289769.68 -

0 0 0 0 0 i 0 0 0 0 0 0 g
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
2023/07/05 2023/07/15 2023/07/25 2023/08/04 2023/08/14 2023/08/24 2023/09/03 2023/09/13 2023/09/23 2023/10/03 2023/10/13 2023/10/23 2023/11/02 2023/11/12
Date

TWD-97 N(m) MIN. N(m) [ 2727989.355 | maAX. N(m) [ 2729922.481 | Rus v [EISE00GIGEN|

2728022.57

0 0 0 0 0 0 0 0 0 0 0 0 g
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
2023/07/05 2023/07/15 2023/07/25 2023/08/04 2023/08/14 2023/08/24 2023/09/03 2023/09/13 2023/09/23 2023/10/03 2023/10/13 2023/10/23 2023/11/02 2023/11/12
Date

MIN.H(m) | 1103.131 | MAX.H(m) | 1174.136 | RMSZ [ 1131.846 |

0 0 U 0 0 0 0 0 U 0 0 0 i

00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00

2023/07/05 2023/07/15 2023/07/25 2023/08/04 2023/08/14 2023/08/24 2023/09/03 2023/09/13 2023/09/23 2023/10/03 2023/10/13 2023/10/23 2023/11/02 2023/11/12
Date

B 4-14(a) Rover011 3 GL003 GNSS-RTK = % ]
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Al e A W R

—

117 R T B R g 1 A Gk v K BEAR I 4 R U B i
Ll

7

8C:\DATA\GNSS\KH\GNSSLoRa97013.txt

LoRa-loT ~GNSSE/N/H | E(X)-N(Y)-TWD97 | D/Sateite | GNSSLoRa Data | GNSS plus LoRa-IoT Viewar

MIN. E(m) [ 0.000 | Max. E(m) | 201364.178 | Rus x [EBoiowoom|

TWD-97 E(m)
289745.01- .

! ! ! ! ! ! | ! ! ! ! ! d

00:00:00  00:00:00  00:00:00  00:00:00  00:00:00 00:00:00  00:00:00  00:00:00  00:00:00  00:00:00  00:00:00 00:00:00  00:00:00  00:00:00

2023/07/05 2023(07/15 2023/07/25 2023(08/04 2023/08/14 2023/08/24 2023/09/03 2023/09/13 2023/09/23 2023/10/03 2023/10/13 2023/10/23 2023/11/02 2023(11/12
Date

MIN. N(m) | 0.000

TWD-97 N(m)

2728021.06+

|
00:00:00

0 0
00:00:00 00:00:00

2728003.30- ; | ; v | | ; | | |
00:00:00  00:00:00  00:00:00  00:00:00  00:00:00  00:00:00  00:00:00  00:00:00  00:00:00  00:00:00  00:00:00
2023/07/05 2023/07/15 2023(07/25 2023/08/04 2023/08/14 2023/08/24 2023/05/03 2023/09/13 2023/09/23 2023/10/03 2023/10/13 2023/10/23 2023/11/02 20231112
Date
MIN. H(m) | 903.282 | MAX.H(m) | 1186.361 | RMSZ [ 1140.122 |

H
1188.89-

B 0 0 0 0 0 0 0 0 0 0 0 0 i
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
2023/07/05 2023/07/15 2023/07/25 2023/08/04 2023/08/14 2023/08/24 2023/09/03 2023/09/13 2023/09/23 2023/10/03 2023/10/13 2023/10/23 2023/11/02 2023/11/12

Date

% 4-14 (b) Rover 013 #* GL003 GNSS-RTK = % B
011 iplsbfr Ak =R gE3E 5 704~708m F¥ - pl =k ik B8 4 12~225 4R 4-
15(2)#77% 5 013 il =k fok =L gEg 5 710~716m B » Bk ik #f 97 12~22

bo B 4-15(b)#+7 o
Bl ek 4 WGS-84 i HE4% 5 TWD-97 4 B Jip|=k (2 RMS # ¢ & gh)

A

v 124 Fli/-lem s & 124 Fli+/-2cme AL BER B < 3R B4 # O S R

\ 2

A HrBl 4-16) 0 PR R EHBE S 2 Dk o
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yr ¥ mEF

158 7

TTH-38 89 o

152 %

LoRa-IoT | GNSS E/M/H | E(X)-N(Y)-TwDg7 DfSateite | GNSSLoRa Data | GNSS plus LoRa-IoT Viewer r4u\C:\DJ'-\TJl\\GNSS\I(H\GNSSLORaQ?O11.t><t

MIN. D | 0.000 MAX. D [ 1615.058 RMS D [ 644.208

00:00:00  00:00:00  00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00  00:00:00 00:00:00 0 0 00:00:00
2023/07/05 2023/07/15 2023{07/25 2033/08/04 2033/08/14 2023/08/24 2023/09/03 2023/08/13 2023/09/23 2023/10/03 2023/10/13 2023/10/23 2023/11/02 202311/12
Date
satellite NO. il J

0 i 0 0 i 0 0 0 0 0 0

00:00:00 00:00:00  00:00:00 00:00:00  00:00:00  00:00:00 00:00:00  00:00:00  00:00:00 00:00:00  00:00:00 00:00:00 00:00:00 00:00:00

2023/07/05 2023/07/15 2023/07/25 2023/08/04 2023/08/14 2023/08/24 2023/09/03 2023/09/13 2023/09/23 2023/10/03 2023/10/13 2023/10/23 2023/11/02 2023/11/12
Date

W] 4-15 (a) Rover011 =k ip|:LEEEE LY 7 E <& W

LoRa-IoT | GNSS E/N/H | E(X)}-N(Y)-TWDG7 D/Sateite | GNSSLoRa Data | GNSS plus LoRa-IoT Viewer 4/C:\DATA\GNSS\KH\GNSSLoRa97013.txt

MIN. D | 0.000 Max.D [ 1018.661 | RMSD |

707.794
00:00:00 00: UD 00 00 UD 00 00:00:00 00: DU 00 00: UD 00 00:00:00 OO0: UU o0 o 0o0; 0 00 UD 0o o e 00: 0 00; DU oo
2023/07/05 2023/07/15 2023/07/25 2023/08/04 2023/08/14 2023/08/24 2023/09/03 2023/09/13 2023]091’23 2023f10f03 2023/10/13 2023[10/23 2023]11;’02 2023/11/12
Date

Satellite NO.

25

20+

15

00:00:00  00:00:00 00:00:00  00:00:00 00:00:00  00:00:00  00:00:00  00:00:00 00:00:00 00:00:00 00:00:00 00:00:00  00:00:00 00:00:00
2023/07/05 2023/07/15 2023/07/25 2023/08/04 2023/08/14 2023/08/24 2023/09/03 2023/09/13 2023/09/23 2023/10/03 2023/10/13 2023/10/23 2023/11/02 2023/11/12
Date

B 4-15 (b) Rover 013 hp| k32 22 75 3§ W
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LoRz-IoT | GNSS EfN/H  E(X)}-N(Y}-TWD97 | DfSatelte = GNSSLoRa Datz | GNSS plus LoRa-IoT Viewer

8C:\DATA\GNSS\KH\GNSSLoRa97013.bxt

2728012.086
EeEEE =

2728012.080

2728012.075
2728012.070-)
2728012.065-)
2728012.060-)

2728012.055

2728012.050-)

2728012.045-)

;, 2728012.040]
§2723012.035* RMS N|| 2728012.036

E 2728012.030-)

2728012.025+

2728012.020-

2728012.015-)
2728012.010-)
2728012.005-)
2728012.000-)
2728011.995-)

2728011.990-)

2728011.986-}
289732.501

RMS EJ| 289732.551

280732.540 289732.560 289732.580

TWD97 E{m)

280732.520

W 4-16 (a) Rover011 = TWD97 A 1§l

280732601

Data size
22451

013

LoRa-IoT | GNSS E/N/H E(X)-N(Y)}-TWDS? | p/Satelte | GNSSLoRa Data | GNSS plus LoRa-loT Viewer

a|C:\DATA\GNSS\KH\GNSSLoRa97013.txt

2728012.086- H 2/
2728012.080-
2728012.075-
2728012.070-
2728012.065-

2728012.060-

2728012.055-

2728012.050-

2728012.045-

E 2728012.040-
=

%2728012‘035- RMS N 2728012.036

E 2728012.030-

i3
tit

b 4oed
Li1il

2728012.025-

[L323]
Ht

2728012.020-

4
e

2728012.015-
2728012.010-
2728012.005-
2728012.000-

2728011.995-

2728011.990-

2728011.986-
289732.501

RMS EJ| 289732.551

i 0
289732.560 289732.580

i
289732.540
TWD97 E(m)

i
289732.520

® 4-16(b) Rover013 == TWD97 j: 1§

4-22

i
289732.601

Data size
22451

013
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%1% @ﬁ%]iﬁ'] hE R
X AR L5 WGSS4(N) EGS(E) Ellipsoida H

% ESE TR (A )
PR ATTE L GW 24.6189373 121.2855763 882.290

£ e K AR =)
R GLOO01 24.6148637 121.2905896 1203.735
P B GL002 24.6187934 121.2874400 839.720
i E =) GL003(0) 24.6188915 121.2872566 841.114
BT GLO03 24.6148568 121.2906685 1204.510
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S1

E/NH | EON(Y)-WGSS4 | EQO-N(Y)}-TWDS7 | D/Sateite | GNSSLoRaData | BIC:\DATA\GNSS\SR\GNSSLORa001. txt

0.0300-

s »
00200 MR Al Ao e
= . - - ...-n . e

0.0100-|
0.0000~
~0.0100~

-0.0200- RN J’Mﬂw‘.\."

‘ﬁ'@:‘—‘

Hl #RFFF%FL

HEwl | s2

0.0300~
0.0200-

0.0100-|
0.0000~
-0.0100~

-0.0200+
-0.0300-1 < i . d -0.0300-1 : :
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
2022/06/30 2022/07/02 2022/07/04 2022/07/06 2022/07/08 2022/06/30 2022/07/02 2022/07/04
Date Date
Battery HEIW | remp
3.66- 34.24-
3.60- 30.00
3.50- o -
g 2 25.00
= 3.40- & =
2 20.00
3.30- 15.00-
3.22- 0 ' v g 11.21-] 0 0
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
2022/06/30 2022/07/02 2022/07/04 2022/07/06 2022/07/08 2022/06/30 2022/07/02 2022/07/04

RSSI 001

91 v
00:00:00 00:00:00
2022/06/30 2022/07/02 2022/07/04 2022/07/06 2022/07/08 2022/06/30 2022/07/02 2022/07/04
Date Date

Date

W] count(Total)
1-

-1-

Date
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00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00

@] 10 Rover(GL001) LoRa-IoT = % ]

GNSS-RTK 2% 4 (48] 11)

WGS-84 E(X): %) % 121.29058920~121.29058980 & -
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£ 7 24.61456336~24.61486480 & o
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LoRa-loT  E/NM | EDO-N(Y)-WGSS4 | EDO-N(Y):-TWDS7 | D/Sateite | GNSSLoRa Data lC\DATA\GNSS\SR\GNSSLoRaOOlm

) [121.290585215 | MAX. E(X) [121.20058
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2723151.405
2723151.400

2723151.380- 4
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TR A 4T GLO03(0)#k (438 t)data 1% 4 £ 6,810 £ > H ¢
-

BHA 67T L FHIFEL F 5 994% 0 H ¢ 2 %3t RTKAge=1 > RTK Ratio=10 7% #
it 9.87% ; ¥ 78 GLO003 *t data & &~ £ 28,362 3 > H ¢ /< 960 1 F 4L
AL S S 1236% 0 # ¢ 7 %3 RTK Age=1 » RTK Ratio=10 e

4 672

14

1,033 £ 1
3.64%

1. LoRa-IoT %% (4] 18)
° ﬁﬁkbﬁ%l?\iiiﬁ :S1 %2 S2 X5 ¥~ R P

VDC: * 2R % -

R0 PliEF & 5 Float

® BI:TR 4% 3.25~3.60VDC Hl ki % A

27

/uﬁd#

® plxh:g & D GL0O03(0)% # 19~30 & F ; GL0O03 %) & 10~31 & fF -
® p|zk RSSI : GL003(0)-80~-90 & ; GL003-85~95 R » <-100 5 3t

R SR L I

® pleEa g X & EA*E > Count=0

(a) E/NH | ECXO-N(Y)-WGSS4 | E(X)-N(Y)-TWDO7 | D/Sateke | GNSSLoRa Data | BIC:\DATA\GNSS\SR\GNSSLoRa070030.txt

]
HEn Y s2

+HRw
| PN Eirde2 e 110091 |

el AR

00:00:00 000000 000000 000000

00: 00 00 00: 00 00 00:: 00 00 00: 00 00 00: 00 00 00: 00 00 00:00:00 00:00:00
2022/06/302022/07/052022/07/102022/07/15 2022/07/252022/07/30 2022/06/302022/07/052022/07/102022/07/15 2022/07/252022/07/30
Date Date
Battery +ER J Temp.
4.00-
3.80~

+ERw) |

000000 000000 000000 000000 000000 000000 000000
2022/06/302022/07/052022/07/102022/07/15 2022/07/20 2022/07/25 2022/07/30
Date

000000 000000 000000 000000 000000 000000 000000
2022/06/302022/07/052022/07/10 2022/07/152022/07/202022/07/252022/07/30
Date
RSSI 003 HEIW | count(rotal) S+ -
75+ 14
-80-
-85 ¥
-90-

-95-

000000 000000 000000 000000 000000 000000 000000
2022/06/30 2022/07/05 2022/07/10 2022/07/15 2022/07/20 2022/07/25 2022/07/30
Date

-1-8

0 0 \ D d

00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00

2022/06/30 2022/07/05 2022/07/10 2022/07/15 2022/07/20 2022/07/25 2022/07/30
Date
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(b) IoT | E/N/H | EQO-N(Y)-WGS84 | E(X)-N(Y)-TWD97 | D/Satelte | GNSSLoRa Data
s1 +Hi@w) |
0 0 0 0 d
00:00:00  00:00:00  00:00:00  00:00:00  00:00:00  00:00:00
2022/07/10 2022/08/09 2022/09/08 2022/10/08 2022/11/07 2022/12/07
Date
Battery +HiRwl |
4.00-
3.80-
3.60-
3.20-
3.00-
2.80- ; 0 0 D i
00:00:00 00:00:00  00:00:00
2022/07/10 2022/08/09 2022/09/08 2022/10/08 2022/11/07 2022/12/07
Date
RSSI +HiEw |

-100- 0 D i i
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
2022/07/10 2022/08/09 2022/09/08 2022/10/08 2022/11/07 2022/12/07

Date

S2

3C:\DATA\GNSS\SR\GNSSLoRa97003.txt

Temp.

Count(Total)

‘ﬁ'@:‘—‘

Hl #RFFF%FL

00:00:00 00:00:00 OO:OIO:OO 00:00:00

00:00:00
2022/07/10 2022/08/09 2022/09/08 2022/10/08 2022/11/07 2022/12/07
Date
+HiEw |

00:00:00 00:00:00 00:00:00

00:00:00 00:00:00 00:00:00
2022/07/10 2022/08/09 2022/09/08 2022/10/08 2022/11/07 2022/12/07
Date

HiEwl

1-

-1 D 0 0 0 d
00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00
2022/07/10 2022/08/09 2022/09/08 2022/10/08 2022/11/07 2022/12/07

Date

l 18 Rover LoRa-IoT = % F)(2)GL003(O) (b)GL003
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2. GLOO3(O)GNSS-RTK % 4 (4 19)
® TWD-97 E(X): %) # 279084.55~279084.57 fF¥ -
® TWD-97 N(Y): ¥ . 2723596.73~2723596.76 & o

® H(Ellipsoidal): £ #- 841.05~841.15m F¥ o

LoRa-loT = E/N/H | E(X)-N(Y)-WGSSB4 | E(X)-N(Y)-TWDO7 | D/Satelte | GNSSLoRa Data ‘L|C:\DATA\GNSS\SR\GNSSLoRaQ?DCBO.DCt

TWD-97 E(m) MIN. E(m) | 279084533 | MAX. E{m) | 279084507 | Rws X [EHOOGHSGIN (g3 e I

279084.60 -
279084.59-
279084.58-
279084.57 -
279084.56 -
279084.55-
279084.54 -
279084.53 -} : , . . ! ; ; ; : : y . . |

00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00 00:00:00

2022/06/30 2022(07/02 2022/07/04 2022/07/06 2022{07/08 2022/07/10 2022{07/12 2022/07/14 2022/07/16 2022/07/18 2022/07/20 2022/07/22 2022/07/24 2022/07/26 2022{07/28

Date

TWD-97 N{m) MIN. N(m) [ 2723506725 | MAX. N(m) | 2723506.763 | Rus Y [iiceoemasn = I

2723586.77
2723596.76-
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2723596.74 -
2723596.73~

2723596.72-) i 1 0 i I | | | i 1 0 i | i
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M. 0 71483 | mMax.0 [T170582 | Ruso [TA71S10 | '-HEWl
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Date
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279430.960 279430.980 279431.000
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15 20
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