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Validation of seismic bedload saltation model based
on field experiment(2)

Abstract

We first summaried of the first-year project achievements are as follows:
1.The project has improved the seismic wave propagation and particle
saltation model (probabilistic and non-vertical impact seismic saltation
physical model) based on laboratory experimental results. This
enhancement generates river bedload observation data with higher
credibility and continuity.
2.For large-scale field experiments, a simplified active seismic source
impact test and passive surface wave analysis method have been
developed. These methods enable rapid estimation of parameters related
to seismic wave propagation path and seismic attenuation characteristics
(see coefficients C,~Cs metioned in this report).

3.A custom-made six-axis sensor gravel particle tracker (also known as
smart rock) has been developed. It provides trajectories of sediment
particles, impact force timeseries, and direct mechanical parameters of
sediment particle salation (associated with coefficients C,,U,,tp,Lp,wi,
Shields stress).

4.A portable particle size scanner (RPiGS-Scanner) has been developed

for surface particle size surveys at experimental sites.

Throughout this year, intelligent saltation laboratory flume experiments in
channels have continued. Based on relevant laboratory testing results,

monitoring instrumentation setups and sediment observations for large-
v



scale field channel experiments are being planned. Key sensor tests this
year will focus on the "application of distributed acoustic sensing (DAS)
for river bedload measurement". Additionally, while the previous study
focused on observing sediment saltation, this year will explore the effects
of sediment particle rolling or sliding processes on the generation of micro-
seismic signals, discussing their correlation with river bedload behavior.
This year's planned field experiment site is Landao River in Huisun Forest
Area. The artificial channel segment considered measures 30 meters in
length, with an average slope of 4°, a bottom width of 2 meters, a top width
of 3.8 meters and a channel depth of 1 meter. The maximum flood flow

cross-sectional area is approximately 2.9 square meters.

This study deployed two micro-seismic sensor arrays parallel to the river
channel and one array perpendicular to the flow direction. The parameters
directly measured during the experiment included water depth, channel
geometry, changes in the bed topography, and surface flow velocity
determined through photogrammetry during the test period. In the concave
bank area of the experimental channel, due to scouring, the channel was
widened and deepened after the experiment, changing from a trapezoidal
weir to a rectangular weir. The bed was eroded by about 0.2 meters, and
lateral erosion was approximately 0.5 meters. During the field experimet
period, the surface flow velocity was about 2.7 m/s, the water depth was
approximately 0.8 meters, and the flow rate was about 6 cms. Regarding
the movement of sediment particles, data from custom-made smart rocks
showed that 8 impacts occurred along the experimental channel, with an

average jump velocity of about 1.5 m/s. Regarding distribution of sediment
\%



particle size, this study first conducted a series of tests using an RGBD
depth image-based scanning method and a deep learning model for pebble
particle size (referred to as AI-RPiGS-Scanner) to quickly and accurately
survey the sediment particle size distribution on the riverbed surface. This
method was applied to investigate the bed particle size distribution before
and after the experiment. The results showed that the representative median
particle size (Dso) before the experiment ranged between 10 mm and 12
mm, all of which were smaller than the Dsy values measured after the
experiment. After the experiment, the D5 of the bed material at different

locations in the channel ranged from 15 mm to 22 mm.

This study further selected a field riverbed sandbar area to test both active
and passive surface wave seismic methods to obtain seismic wave
attenuation and propagation characteristic parameters. After the
experiment, 20 channel bed impact tests were conducted. The results
indicated that the impact primarily produced power spectral density (PSD)
values within a frequency range of 20 Hz to 100 Hz, with energy intensity
significantly attenuating as the wave propagation distance increased. The
time-series monitoring data from the field channel experiment showed
notable time-frequency differences in the microseismic signals at stations
located in the concave bank scour and sediment deposition areas. The PSD
at the concave bank scour station exhibited stronger PSD energy and a
broader frequency range, with a dominant frequency range of
approximately 20 Hz to 80 Hz. This was consistent with the time-frequency
results from the impact tests. The study hypothesizes that this dominant

frequency characteristic is caused by the bed material jump displacement
VI



effect. Fiber optic records showed that when the upstream flow reached the

test area, it caused a strain rate of approximately 107.

On October 20 of this year, the field channel experiment was completed,
and several high-spatial-resolution devices were successfully tested,
including the DAS sensor, a new portable microseismic sensor (SmartSolo),
a machine learning-based handheld particle size scanner (AI-RPiGS-
Scanner), and smart sediment particles (smart rocks). The primary focus
was on feature analysis of the collected data. Moving forward, the study
will continue to prepare the third-phase project proposal titled " Validation
of seismic bedload saltation model based on field experiment (3)", and is
expected to complete a quantitative analysis of the second-phase time-
series data and investigation results. The final goal in this study is to
effectively enhance the application ability of seismic saltation techniques

in riverine sediment bedload measurement.

Keywords: seismic bedload saltation model, smart rock, distributed

acoustic sensing (DAS), RGBD depth image, deep-learning model
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SEERE S H UL NI ER AUy E R

SO A ) RARE T M ER T L E (FH 4 NLE AR B

(vertical-to-vertical)

&2 g7 'f'] AR RS #ic G(f,xsxp) ¥ 11 % 5T 4o 2
7% (4)(Aki and Richards, 2002)

G(f.x, .‘uj-—c("{j" I :

Spvy ‘IHI —‘|1 —.1,

—eif = v oy

(4)
SOABCR A S 2n/h 0 ve BB A AR

=ik R (m/s) 0wy &
i}i(m/S) ° C2 ) \:_q

DS
A s licE » G 5 Rk &5 F1F (4] Rk
TR R R ARR) o M Rk didkeni@ 3R R B REEd g Y
HB(r=k)F <~ 1> FRIETF

jATH R R GBI & B R R BEAE A0
TSR Y AR AT R K)o A E T RE - D
PRRRE B LR R P K R by B % R B (power
spectral density, P;) & :
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£ M e .
o fox Dix J| F(f.Dx

R
G{f.xx,)

L—

Flfx Dx)= - _ Ll (5)
T5 2457 v B E B (sec)r 77 7 1% 4 35 3R 5 D 2k RIS

B chpE () 0 E R OHE RS (T JE L R (saltation hop

length, Lp; unit: m)2_ 3 2k J5 D ek £ 3R 8 ® (n) 5 = 75 (6):

S(DIN
J.'-L-,(Djz% (6)

NGB Lyfe® &R T DRRPFRER  pp ¥ 2 IZ D

\/—‘

2

=% 2 & o Bie(Tsai etal., 2012; 12 Log-rasied cosine function 7 if) °

RE2FE)E 256 0 RI2F ()T LD b

n,(D) _.
‘F (f Dl‘“C -

E(f.x.Dix)=—% D) J "

np/ty Ve BT G R R IEARRT D SRR (EF £ R Ly ¥ enfg g
(impactrate, ) > #* 1. = 3 Bp ¢ é)ﬁ%i&:’: e enissh i E N T A
PR AT RIREFRG PSR R T o 5 RK
Hizm " ERBR(TLIT® £ RIEH L))" S8 7% (¢ 5 Tsaietal., 2012
B AT ERT RPN BHBRE ST RP LRSI N R AR
* 2 HCA )R R AR R B R (L) R T RAL D R R TE R TR
ME R G R D BRI B R F T BEY x0] 3T g0 RlIE F P
P ETREDREIERESRE T Db i R R R E(P) s
P(f.D.x)= _I' P(f.D. % %),

D(%?lf(fﬂ x )G (fxix dx,

(8)
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A% R B ARFERASES FEEIIQ)

RE2RG)E ARG 2 2REO) 0 FREPF T R

LE R ) FEEMEA A E D)
(D) Tfui'u
Pi+D. ip 1+ C
D)= B (B O ) ©)

SENOLEC X (E = SURES S Sck st S E i
Hig# Nmpgdps o d o BABLA BRISRFIPM S R G

Fam @k S 8kE R GEA O o238 (10)2 (11) T & (Tsaietal,

2012):
2(B=2I0(+ e +(1-eP)e” 22 (10)
B=2ar,(1+ C) [ [ (v,,C15*) (11)

Jous T IHz v 54 S IHZz 0T JlAp i & - Thdk

Ci% CsBrd b 4 Fend A2 R F M 203 & Tadsd
PR EFRRERET R R A TE ) - HFEEREP o 2535(10)° 0

BHEES L (p/ty) ™7 M F T D 2 3 # 41 £ (bedload flux,

grp) L2 3E T FOREH i F Uy -+ 18— H %K 40 (Lajeunesse et al.,
2010):
M. M.
I = 180 _ 450
VU, VL, (12)

B WamE i Rm) V5 ik m3g i (m’) > gop E =442 D
2 H 7 B2 484 Bt 2 (m/s) > Tsaietal. (2012) % & cdg #F:# 5 L4
27 (13)9757

JTf-'D- W

v, 30,8, (13)
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TSRS LR AR S o SH N2 L, Sk E R

B S B%  doo 4 (14)( Auel et al., 2017)7 2 7% (15)(Gimbert et

al., 2019)

Li(D)zl.BD.%—lé (14)
I'_. r. . 3 f r. 2R

L,(D)=1.19\ReD| —~1| 0.14 ——1] (15)

g it st & o8Ims® R dapgtmar (PP, o ks
B (1,000 kg/m®) o b it 2 58 (14) % (15)% 7 i EAaA3 718 4 K56 P
CRAT R ()F A TRk AR T R4 (1) 1A B ko2 2(16)

% (17)(Parker, 1990; Lamb et al., 2008):

_ u
RgD

oY
Z': - T:DSD(—J (17)
0

(16)

He uiARET 4@ BEMSs)E ¢ AW REORRARRT R

b W] T AT

u =./gHsinf (18)

r:mo =expla, +ax+ afzx2 + a3x3 + a4x4]

x=0.407-In(142 - tan 6) for 10~ <tanH<0.5 (19)
H % kiF@m) > 6 5 K EH & (degree) o 2 35(19)° ehizdics 9] 5 ag=-
3.14 ~ a;=0.41 ~ a,=0.142 ~ a;=0.0894 %2 a,=0.0259 (Lamb et al., 2008) -
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A3 E IR RE AR A e en [ & 38 (2 54(13) > Lamb et al., 2008;

Tsaietal.,2012) > H © B LR 3E 582 Uy 2 Hpy~ B T & 40T

. 56
U, =1.56, /RgD[T—*—lI for U, <U (20)
TC
. 05
H, =1.441)(2-1] for H,<H 21)
TC

HP U i iRAE-THENE (m/s) T & 40T (Parker, 1991):

~ u‘ E 1/6
Uosi (k] 22)

HY ke s RARMAR 23 HBEK S 3 B9 288 BDso;
Kamphius, 1974) > B & & & FoRER A%+ i A& o 28 (13) ¢ ade#

B A ¢ e T 32 i B % & 4o (Sklar and Dietrich, 2004):

Hw,cost

WS = - -
21n| ™ ++/e™ —1 (23)

Bt R B (Wy, M/S)T &3 2 74 (23)(Lamb et al., 2008):

w,=/4RgD/3C, (24)

PN Cyhred tadk A3 F %7 Dietrich (1982)73- 5 = 3% o i1 F]

T E B R R T AT

.~ 3Cp . H,
o= aF st iy
> 2p Dcost (25)

AAR(DLY 3G HieE D 2 K e ke 8 1R ()

P2 XN (6)2 2R (12)F 4 gop 7 14 A iE e T

"'»}JD(D:]]' U,

= (26)

f:p=

I 3975 R T pr e qop i F A > W LR E T
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B il £ (total bedload flux, qp):

.= [ tjmt?'-D (27)

N D
FI* H R R T 2 S A T ()Y g T XK gop:
%0 = %P (28)
Bt E ARy A RO AP B A X B RO R B R R
B FRm B Aauk S8 & 0 %W (54 log-normal distribution) ¥+
SRR L G B R G 0 F|p A3 FH KRR * log-raised-cosine 4 i
(Tsaietal.,2012) > T iRzE 7 e F o v d B PR o 230 F 734

gy B ¥ UAZME R & ¥ 2 hde# BT £ gue(Fernandez Luque and van

Beek, 1976):
9w =5TReD, (7' -7)) (29)
I AN G B L REER w Rk T AR MR

SR RAERSAEFFE RGP SR R Y ¢ 7 Tsai et al

(2012)~Auel et al. (2017)~Gimbert et al. (2019) 4 ©] 5] 52 ++ 2 X (30)~(32):

[ [ . 0.5 70
3C,p, -1.44D(gH sing J
w, = ARgD cosfy1—exp Sl ‘ (30)
3Cd 2p. Dcos@

w, = 084F[’_, ] (31)
w.=0.51,/RgD (T——] (32)

BRI RS D SR E R R (S NEQ)RFH A T F
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1% Ry FkRFRASAD FHERIQR)

for#m R

P(fir)= | P(f,r,, DYdD (33)
- BT EECRBTIE P HRA G S

B(fim)=Pfin)! g, (34)
FERBBIAS B R R B () E kA T IE R(p)

RIS 6 Rk S0 H FRMRERCY T 54 A T R

obs
g =I}3 (35)
b
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AN RARFFRAMRG N L0 o702
FEREY RAES THEED F Wi mad JUA i adk
T R ANG)? GRE GG 2 o 2 2N (10)° ik Gy
2OCs s K A FT d R G - W

PP BT i R G R PR A Sl T A E TR

\
‘_
et
P
=
=
by
%
Wi
ol

| fe & 5 AE g & o b & 47 7% (multi-channel
analysis of surface wave, MASW; Olafsdottir et al. (2017)) > 1 * % ¥ §&
RS BT A 1 A PR R Rk s BiE 1 2 F e

RS BT A G AT MenE R 1 B ep ik B FAE S
i it  SUE - AR T 4 L R bR E FH (B 6) -

@ o BT F TS L RS S R RGBT A
@R (vl g 3 i s i G (Herrmann, 2013) > %4 2 54 (34)
2 (35) TR w fFa 477 K F A 5 (C)E B EE(logio(ve) > # 5 1HzZ

AR ik R )

g ) J_q 36
; Voo [ 7 (36)

log,,(v=**")=log,,(v,,)-C,log,,(f/ f,) 37)
g5 e Co (T T it RIEECF DR T 1 F j i &

AR R o dow 34 (36)7 T

v-oﬂd -o(lcl /(].+ C )

(38)
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F1# By Rk kmRFERA S THERIQ)

3R 2N (3)~(6) A H - 4 1 B R T M BR

BEHE 5 ri(m) Pl 2k 3s 4k et ¥ B (power spectral, ps)¥ % 77 5 2 39(39):

\u(f,r;) [‘;fff‘*] [%]-[}Jexp(fzw(v..cs)) (39)
2
_ | CErfFS| 2
ps= o Z,AU-)_[ 82psvcvu } E (40)

15 258 G9)~(40) f1* S e ik o B TR R

4o 2 34 (39):

SPrn A) & T HOG)
(Sp ) ';’)min (Sp ) ';')min

DNEDA BB pAREETT LM BN EFREL S oo R

(41)

(42):

FSRPAT
(P %) P/ \ v, )

S BAE A TR S A TR R C G(BA E )

3) E B HHE S £ EAT A N (39)~(42) T T 1T A A I
$1C; e o RA ST FIFSEEFM F chen it 7 10 L & 2 2 75(43):
C=CU/f)* (43)

He QR F 5 IHz W hR A S F F]F 02— #2038 (43) 3 50
AP 10 5 Kool (T AR S oo 3N (44) 4T

log,, C; =log,, Cz:) +Clog,,(// 1) (44)

wRE AT IS R EET U R E 9

\ =

B &L Cs le(%
Fl+ C3 " FH F %14 454) o Tsai et al. (2012)R] &2 2 & B3R €25 20

2 Cs s 00 REARAEFTFF LA FAF A TF o
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Bt de 38 & o A 472 B AL R ek R T - H SRR

& (H/V ratio)i& (7% k= T 9 4 kR REAF R L€ Fl 5
ek % (Love-wave) & § 44 (Rayleigh-wave) ¥ & fi# & fic
A B % B - 2ARR REL 7 &o Berbellini etal. (2018)4% & 41
*OPEAR A B A& (¢ A 45 i (polarization analysis) ¥ j$4F TP ¢ o0
PF B b #5252 4k 1 4% & (degree of polarization, DOP) % 4 & ) % i§
e BT F e gl o - S DOP 5 43 0~1 (diciE % B > DOP

$0 1 PR AR BN FTRER N S NLE TG b R E D

Qi

HRAK 5 ¥ b o fRit 247 7m T ik F B & & (back azimuth, BAZ) >
HeERAC Lo T AR RR - B THTF Ik s Ta t o
39 5% o] T BLE & i 2 R R T 5o e & 4 7 (elliptical vector,
e)> » & e » L E e £ a(semi-major vector)¥ L Eihe £ b(semi-

minor vector) s £ “HF % % o iF 2 ehpE B (1) 2 4E (D DOP 7 £ o7

Jo 2 3 (45):

DOP(t, f) = (45)

TP 2\
L ¥ | mit.f) e, f)
N Gip|lm@.f)] et f))

B omf) s FROPER Y RSN ER T2 T B

H 2 & e 38(46):

W)

2 e(r,f)
_— ; T(H=4/
g N(f) ,Eme(r,ﬁ D= (46)




1% 3 85 ks Rk

748 A B R (2)

25 (43)7 i i@ Pl 2 P2 A% 5 & DOP A 47 % % 427 %

PSR Y Fw R DOP PAEE o M T T HFIF 2 % 4 % i

A AR R B R 8

Sambridge (1999)# !

1l
|
kL

, H o

B % AT ANGE

SR R F AR LA

1. Field measurements

Multichannel record

Seismic source

(a)

Receivers

w 04 ji
o

E

E 06

5 10 15 20 25

(b) Offset [m]

3. Inversion analysis

Shear wave velocity profile

20 1
0 50 100 150 200 250 300 350 400
f Shear wave velocity [m/s]

Exper and th
dispersion curves

—_—
== == = Exp (lowiup)
— Theos,

3

B

n
o

Wavelength [m]
8

& 8

40 A
0 50 100 150 200 250 300 350 400
Rayleigh wave velocity [m/s]

Amplitude

(d)

Phase velocity [m/s]

o o o0
N A D @ =

2, Dispersion analysis

Dispersion image

08

08

04

0.2
30

Fundamental mode dispersion
curve extracted

] 5 10 15 20 25

Frequency [Hz]

(©)

2
Frequency [Hz] 30 Phase velocity [m/s]

Bl6 MASW % — ‘@ B F &4 37> 242

(Olafsdottir et al., 2018)
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$of 3 REES AR

semi-major d(t,/) direction of

BAZ propagation
G— >

semi-minor T " R
-
b(tf)
planarity?( ()] 7
instantaneous ground retrograde motion
a) motion ellipse b) in vertical plane

Bl 7 73 Ry e £
(Schimmel et al., 2011)

DOP Analysis and Vs Inversion

Ambient noise data E"Ipthlty Measurement

-at least 3 months -DOP, H/V, BAZ Input parameters
-3 component

- Filtered H/V
Filtering with threshold SlnE Tl s

- Model spacing (Ranges of
- DOP > ?, BAZ? thickness and Vs)

RESULTS P
-Vs profiles 3
-Inversion performance

Herrmann, 2013

@M%EEM!’JE&MW%E Sambridge, 1999
@LLab Comprehensive Landtoring Lab ‘ ................................ d

Bl 8 A s\ & G kA7 AR
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1% Ry FkRFRASAD FHERIQR)

PR EAG
NS VR FILERE R St S R Rk

HokprRY B ARIREAELZIT I PRES AR A

N

S 2 SR A (2021) o 4% #3 i%(Raspberry Pi)% %£4p e > 1
2 sh W AR RAEE RE T ER SR RS9 P
FHREPERF I EFEEDAIL P ER S S EE R 4 Y

f#47 B (mm/pixel) o &R §oadL b hh riiARe 7 2L A

\4

EFZ A

]

*# wk (non-local means denosing) ~ =+ 2 = & * # ¥ & 47 (ostu
thresholding) ~ :# % ¥ /Bl(black top-hat ~ canny % sobel edge detection)
FEPFRREFRICE 2 B RO FERIT A7 A2 % 0 4oB 9
AT oo VAR {8 0 USFS ZRlFR - 142 T ERE o PR
wie VRFERPAFHEEAITE P PR 2% 2w P kAR A
FUm AT o BRI IEHF TR P R TR N ¢ iRk

¥R kol g N AT o
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$oF 1 TRESS i h
(a) Original Photo (b) a‘am Color Ma

g‘&-ﬁ &

\W‘,t . @#‘

terhplate

L 4
2 y e (d) Grain Size Distribution
(c) Grain size fitting 100 Ty
o Dso & 69.1589 (mm)

Dg4 = 156{1017 (mm)

Passing Through (%)
w
o

10 \
300 100 50 10
Grain Size (mm)

B 9 l§‘4z-f__4 b AT AR

RS AN
AR EF UAV 45 > A dpdede B QWL OB R A0 6 32
#] 8k(ground control point, GCP) » % > & ¥ T & GCP(3p ¥4 Fl =
2T TR ) I H Y el 23 B PIEL U RP R
gt ¥ 00 RTK i (7324 BE = A 8 P o 8 (730 38 7 B2 g

R EH AP B4R 5 3om/pixel © T A

<k
g\x‘i
N
N
=
1})»
W
="
9
=R

R A5 80%E 60% - # i 11 PixdD #1048 UAV #7132 R & & 7 A

R R E R e SIS Suk E s E e

\

HHBEFRVSOE PO R FIER R F DY L AT
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A% R B ARFERASES FEEIIQ)

E A s AL ST E '/531"%]?/&/’7\’}"?%\3‘ °

5. ik RIBLIR|

AP ERREAY BB LES TR AP AR EEY KE A2
FREHFHRIR HFHEEFHEZY 2 RE F0 L #1357 w USFS 413
FRENEBEY XBEHAFCE I A EB R RRET R HET
2 PR Eph R B 30x20cm o FFEP R 2 Bk gE o BOIpAt R
SREALY ood A T LR 130 DR RIS PN RS R
FRiEEEE st FHEABPLFARER -

FHAB T OER R AT LI EE W AR PIEE
WL %S fhE B B (MPU-6050)c01 % iE (7 3E R chif Bie i
2 HEE TP AT B R P BEFE Micro-SD e+ 5 B i
A LR %R R A % 5k (B 10 - Hungetal.,

(2022) ) FHR BB R AR A R o EREBIBRY RIEHS TR

o METIP R E Bk e H o o d SRR B 0 rdg

gL E S IR PR Ak T E R AT T SRk SR

B

FRoh=i s 3 8 %] & RRGURLE T e T MR RIR B D
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A R EHEP (1) Arudino Nano 75 - Tl g2z L 5 5 -
BRSNS AJE R L AVR ATmega328P i dl % v &
F- BREE AR 8 AN E > T 7 & 16MHz Gk
#RT o $EF 32KB o iRkl fr 2KB ¢ SRAM » $% i 853 5+
SiF B R 0 I PR -k 7 endic i fogp ﬁg?] IN l’fi’ﬁ;f] AU Egr i 1l i

Beiefr#l 8RR A o E B 0 B 14 B gy B o e (3

H

S 6 BT LT EPWMBRI) o rLE 8 BTN R A B R A
thrt i T o e o 5 18mm*4Smm c T % KA F Sl AT A o

fo ¥ 2 & Arudino B F B LET 0 LG A R ESTRE

Ex]

A4 EBFARRY o (QMPU-6050 5 — ¥ L@ g pl Lt s £
Pt R ez IR R H G RV R R RS A B
bbb B PR ESE 16 dlF R E 0 TR EFL
frds fidvid B 0 B 4oid AR Rl B 420 ~ +4g ~ £8g £1416g B o] 4e
#

—~

BB i2drF 5 2048 LSB('/s)» @ = #hI 4R k7 * *tp| £ H R eh
bERAERES T IR ERE 16 mocF AR B 0 IR Rk
R R B 5 2507 ~ £500° ~ £1000° ~ £2000°/s > F | & B % 1 247
F % 164LSB("/s) > ¥ 5d BT F bR R FE | fE2474 o
F0 P/ ag E Ee 2 4 MR 5O I 1 B B B g U 5T a2 200Hz

VIR MR Y Brpena % o 5 iE % B R AR H S i@ B L o FE



SIRE Y B & 4D T A 50

PVC tube

Arduino
nano - :
/ Six-Axis Motion

‘ Tracking module
: /
o ‘Micro SD

card Reader

Expansion board

Time module @

B 10 p W3R R P E
(Hung et al. 2022)
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o8 RREPRENR

A F AR R g R B G Z phe MOE R B35 (HG-6 A-
Coil)» H p AR T# ¥ 5 45Hz B R Bt B 5 28 Volt/m/s » &
AL ZE2/E254mm- 3 360mm-~ €8 485g KRBV HITE
# % 540 ~ 100°C » ¥ 4§ fe Data-CUBE & % & * » % T R4
FAEF 400 B ek B 5 (Gain) i 160 73 E RERR R K K
(sensitivity constant) & 5.4495675x107'° m/s/count » ZERE K # 1& (F4£ #
9 02Watt o kg P W NRE FEGK Lo T e 5 g I S o0AR
F g F 5 022~100Hz ¥ *h > e & F Bk e pr7m Rl E 5 Bd R B E
)4 SmartSolos (IGU16, 5G) all-in-one = #hw Geophone » H £ 48K %
WFiEE 559 0.14Watt > p 7 128 GB TRz & » Hip * p 3%
RATBFEF IS X5 § A ARHRSIE RS T 2 B
WA AN R RIE DAS > # % & § SilixaiDAS-v2 0 Hpe § %

10 = & gauge length » & BE~4f47 & 5 1k Hz > ﬁ%l IR B EE

1 =

ETTRS

"
-

Tp 5 R DAS IS £ 55 150 > = o

G-t Ran ek R > ¥ i KR 3 (HOBO Water Level Logger U20-

2 ~ L
fg _?L;'J :” e

Ik

NFAL P 0 R LT B VBB RE F



) By B RFFRANES TREHQ)

ek Bk (Tsorng et al., 2006) ° *F Z i ¥ 7

3
by

£

TG e PREHGE SRR A G e S R B A T
CRREFZATFEE VI IEI AR FAREZ R ER
TF R EmPWREFEREFPE R R RF FF ARG B
Tl MR U BE G S PR o AW R PR~ IR
FEoi cRAEHERFR TR T SHEPBBRR
f2H - 3P ek % o B 11 2% 4p18 1,2,3 kit g

MRz G A T TR G

X, =pr+Mur
=Pz + 00 (47)
=p3 + g3

fo K=0oloZ) Sapp s = 8% Atk BTCEwdwZa) % fogs |

2B E S /17;:;\ A d %‘,&ﬁi’ ‘_ji:(xqi:yqinzqi):di-l'yiﬁ-l'pidi:; *Bﬁk‘ i3

}

v

PR ARl P R 22 AL E I RBE(Z ) £)hiE @

fichiiphe 8 0 G

—\

g esighe £ 0 UnP) L st

i

2 Tg\l FoaE o vf’{l%_‘_‘% TV ﬁrr-Xmﬁpﬁz,f?zﬁpazﬁs A 47) fi’iﬂ—:— [)F3
%—i‘r’%‘}ﬁi(&:&:ﬂg) TR Bl T3 E KR T AR (2N (48)) 1 H &
FHE KA E aE ﬂtf_;;fa:X =(XpYwZa) o AR S KR L B RiE R

PR TT 2 fEaud ¥ AURGRk R B S TES M o T B
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FoF 1 TRESE 2R

#E it ska(R 1)

T -G 0 T (75— o)
G B 0 7 (75 — 7y
' 0 o] |e @ -
11‘ 1 ; 3 ’jz] = . (48)
T 0 wE () |E e -
0 wmG G 7 (75— 13
0 T'n -GE T (55— P3)

camerab

camera4 |

-—

camera s

Bl 11

(Hung et al. 2022)

R BB ALY KRR R R 3R 25 (hydroacoustic)
AFT % 6 * Raspberry Pi 5 T B % > -k %3 (Hydrophone)#
§2 ¢ * Aquarian Audio H2a-XLR-0 fic & 20 = & ecable 42> * Zoom

U22 2+ F(amplifier) » #-st Findeiz it > Ap B & F W IT4o®) 12 47
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% SR R kv Rk S A F R HCRN(2)

Stand-alone-hydrophone

Hydrophone
Agquarian Audio H2a-XLR

| Amplifier - 3 RN
f Zoom U-22 — ’ ( Hydrophone
Cable 30-meter

B 12 3% p Wk&s

¥ H RBRAPRFERABANFFE

AP FIFHRF RS TR AL T 7 4 & RIREER
R~ RSB E Sl BB TR SRS ERREASGT
AR PREDT RIS c RERASFZE Y Gk
CIGEMARIFR) Co G~ Ca 2 Cs(L B EHMp B K 4 Fehd R H#E
B S ARz BA R R M) B Tk e 4 5% S i
L~ wit5 2 2 38 (12)~(15) ~ 2 55(20)~(25)% 2 55 (30)~(32)) ~ k= A

GERL 2R QN~28) TR E S % PR LR 0 A E R

A
o

AL AT D 0 F R G T AR TR TS R g
r '% &/ﬂ'fﬂwﬁ ]K&(]é&CZ CS) /ﬁp/’}——/{;u_([%}%bkaﬁg%

’}‘")Z‘ B A 3P AR E R R 4 %‘l’ 4.1'5@ Kigt((h Uy ~t, ~ Ly ~w; ~ Shields

stress) ¥ e i S HCA| B P enAgm e LK 0 T - Y g
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EMRRF O S NES SR ke F L R A
pens AP EHES- ERCRF N EHE& AFHRR T 41
B AMHEF (B 13)0 2E 1022 VEF A0 24 - F 50 24
B R ER D A LEP R 0 RINE KA R
F R IR 10 2 A 2 A E IR 404 R R R B R4
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B _fRATE_mmperpx_H&_m_HE M/ R<_m_raw.jog -> A L& ER
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BAE) -percent_overlap (7] s ¥ A9 T & %K) -cutoff (B/NE#RE.PX) -tophat_th (0.9)
-sobel_th (0.9) -canny_sig (2)

O

Step3.4: #iBStep3. 3M i SR A BB ME AT H - AR DUREIEE P ARG ARE
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Step,‘i.}s:gﬂEPebbleCountAll.py » 2ESEStlepl AN BES M RTEHESN (paral,
para

O

Step3.6:#147 python PebbleCountAll.py B1a] B 8L TR IS AR F B (R ER
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