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Abstract

This study examined the possibility of estimating bed load discharge using a pipe hydrophone, an acoustic
measurement sensor. To that end, a small-scale on-site hydraulic experiment device was built, and
regression equations were developed based on the analysis of collision sound signals by bed load discharge,
grain size distribution, and flow velocity change. They were classified into pulse and sound pressure
integral-based regression equations according to the characteristic value of collision sound. To verify the
regression equations, the calculated values of bed load discharge were compared with the actual values.
The results showed that the regression equation based on the sound pressure integral had a higher accuracy
than the pulse-based regression equation, and the error rate compared to the measured value was
approximately 19%. The Index of Agreement (loA) was found 0.83, indicating a good agreement between
the changing trend and estimated value of bed load discharge. It is believed that sediment disasters could
be prevented by incorporating various experimental conditions and establishing a corrective relationship
with the actual bed load discharge in the river.
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Figure 1. Operational flow diagram for the pipe hydrophone system
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Figure 4. Integral value of amplitude for collision sound signal
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Table 1. Microphone specifications

Specification
Frequency response 20~20,000 Hz
Sensitivity 39.7 mV/Pa
Temperature range -10~+50 C
Excitation voltage 18~30 VDC
Inherent noise(A weighted) <30 dB
Dynamic range(3% Distortion limit) >122 dB
Constant current excitation 2~20 mA
Output bias voltage 5.5~14 VDC
Output impedance <150 Ohm
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Figure 9. Classification of grain sizes using sieve shaker

Table 2. Microphone specifications

Grain size B-axis Average weight Dry density
(mm) (mm) (® (g/m)
20 2.0~4.75 13.2 of 200 particles 255
4.75 4.759.5 94.28 of 100 particles 257
9.5 9.5~13.2 3.86 2.56
132 13.2~19.0 11.78 2.56
19.0 19.0~26.5 23.68 2.59
26.5 26.5~31.5 4522 2.60
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Table 3. Experimental conditions

Grain size (mm) W (kg/min/m) | Q (ni/s/m) | V (m/s)
20 0.18 1.65
— 294 0.24 2.14
475 0.27 247
— LLLLL1A), " "
95 | L1:1:1:33(B), 0.18 65
1:1:3:3:1:1(C), 8.82 0.24 2.14
132 | 3:3:1:1:1:1(D) 027 247
(Mixing ratio) - g
190 0.18 1.65
— 14.71 0.24 2.14
26.5 0.27 247
. . 147.06
Mixing ratio for field(E) (10min supply) Random Random

Table 4. Ratio of grain size distribution to experimental conditions
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Table 5. Correlation coefficients for pulse and bed load discharge

Grain | Ratio of grain weight of each range to total grain weight (%)
size
(mm) Mix-A Mix-B Mix-C Mix-D Mix-E
2.0 16.7 10.0 10.0 30.0 18.6
4.75 16.7 10.0 10.0 30.0 17.7
9.5 16.7 10.0 30.0 10.0 22
132 16.7 10.0 30.0 10.0 27.1
19.0 16.7 30.0 10.0 10.0 25.0
26.5 16.7 30.0 10.0 10.0 9.4

O 11.76, 11.76, 22.06, 22.06, 17.65, 17.65, 14.71,
14.71, 7.35, 7.35 kg/min/m®] AFAFEFS FFatch

o
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Signal amplification (times)
2 4 16 64 256 1024

Bed load

. 0.165 | 0.723* | 0.885* | 0.887* | 0.843*
discharge

* 1 The correlation is significant at the 0.01 level

Zh FENSANAN AZH 2 79 FF AFA
o AAEA s wHg A, 29 49 &9 FEAS
£ A3 Be AZolA Fo20 AAAAE e
WL otk 53 256 Hj&9] A7 0.887% 7HE
A Ueht AFAE ASS A3 SEEE A
ESes

2) SE2 E8XIY 35 AR HARE

<Figure 10> £4U4 9% F& AP S 54 9
S 27 SES SAA TE AR #
AE el Aotk vlo|H Y| A4XEE A4HEY 5
U3t AFALEF A= TE=5] SA4A7F AFol 7}
U= 2l & 7 At ol 753 =R 74
e FFoE e 4 ok o#F A V)&
U APATFAAE T = glom, 53] &
o F7he FEw 5829 ¥AQ Sk BE Qe
Ao 2 1 thRickenmann, 2010; Tsakiris, et. al.,

S

=

rie
R
41

AL olsh e EAHG BEH §



Estimating Bed Load Discharge Using an Acoustic Sensor for Sediment Disaster Prevention 37

4000
(a)
3500
3000
2500

2000

*

;
1500 7 ‘
1000 - s
500 - ‘

T
0 2 4 6 8 10 12 14 16

\
\
\\
¢ 44000 SHENE WO KU

Integral viaue of sound pressure (mV/min)

4000

=
E 3500 (b) s
= b 3
E - *
@ 3000 T 3
2 : R
e
2 2500 e . - i .
o 3T 3 e -
s >
£ 2000 s ‘//3 ;
] -3 3
- *
%5 1500 i s
] .
© _ -
T 1000 ;’,
w
5 500 -] f §
kol
=
0 T T T T T T T 1
0 5 10 15 20 25 30 35 40

Bedload discharge per unit velocity ((kg/min/m)/(m/s)™)

Figure 10. Standardization of bed load discharge for unit velocity.
(a) raw data; (b) standardized data

. ot rlr j%
ML o o o 2 oy
& (E o
T oo ob o

= o 2o
iIn) EU)
= fo ol
I /0\' iy
A (A
g g

(¢} OO
VA1
5= "
N 951‘

N,

i) X
a0

> IIH
Wa, oft
dlo N
s ¥

a2
ﬁ‘,

7)d AA A S e 2 A 9 qu 3}
T frods HAEs] el F-A8 3 737

=Y

T =
QL
97
v
S
1%
itny
L)
3!
rla
r::l‘
)
é
NS
N
fo
>,
L)

e L
Y
-3
s
Ho
lo
<
pary
o

L
&

FAE A A AR S AEs] 9
3 ASX|of FAHA Y Afo)E THE W BE AMREE
RMSE(Root Error)®} MAPE(Mean
Absolute Percentage Error)E H7[A|£2 &-83l5th
RMSE$} MAPES] 48412 2] (1), 2)% 2T

Mean Square

Table 6. Regression models for bed load discharge estimatior 100 <] Q. — S,
MAPE= — ) || —— ©)
Type of regression Equation noi=1 Q;
Linear Y=a+pX+e
Log-Log logV=a+flogX+e _
, 9 Aol nE ElolE 7, Q= 7 &FAY, 5
Power Y=aX+¢
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Table 7. Regression analysis for bed load discharge estimation
o Coefficient F-test t-test
Division R’ df - - RMSE MAPE
Constant Sound F Sig. t Sig.
Linear 59.01 12.89 0.75 1,106 316.6 0.000 17.792 0.000 8.77 30.50
Pul Log-Log 332 0.82 0.82 1,106 4794 0.000 21.89 0.000 8.59 30.56
ulse
Power 35.04 0.75 0.76 2,106 953.8 0.000 14.456 0.000 8.43 28.98
Exp. 138.46 0.04 0.68 2,106 702.9 0.000 0.038 0.000 9.17 34.50
Linear 299.98 78.84 0.89 1,106 862.8 0.000 29.374 0.000 8.50 33.34
ntegral | Log-Log |  5.13 0.81 0.93 1,106 1330 0000 | 36460 | 0.000 10.24 36.08
S.p Power 181.54 0.79 0.90 2,106 2451 0.000 23.739 0.000 10.34 35.74
Exp. 779.07 0.04 0.83 2,106 1478 0.000 20.476 0.000 8.13 33.92
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Table 8. Comparison of bed load discharge estimate and actual
values

Regression W (kg/min/m) RMSE ToA
equation Actual Estimate | (kg/min/m)
Pulse 136.60 4.89 0.52
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values
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