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We like to discuss only about this part.
Not Type B and others.
Exactly same set up, same 
measurement section



Biwa lake

Oosaka bay

14km

Straight river channel
Simple cross-sectional shape
Stable flow rate
Daily fluctuation of water level and flow rate is small



Contents Observation

Type of instrumentation Some comments etc

1.H-ADCP 1min 1755data（5/8 11:58～5/9 17:17）

2.WH ADCP
RioGrande

(1200kHz)

1.5min～2min
RTK-GNSS-compass

total 209 transect
（5/9 07:15～5/9 16:57）

Valid data N=177

3.Water Level RT100
draft of boat RT100

Water level：1min
draft：1second

Fixed in steel pipe for ADCP（as gauge）
Fixed at tethered boat (for ADCP draft)
Fixed out side of water (for atmospheric 
pressure measurement) 

4.UAV Aerial photo Range of 100m×500m

5. MB2 3D bathymetry Range of 100m×500m



Photo

MB2 ADCP

MB2

ADCP

Transect

H-ADCP 600kHz

H-ADCP
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Observation Line

Results of multi-beam 
sonar

River bed is flat and 
good rectangular shape
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MLIT (measurement/hour) and our observation (measurement/minutes)

※ Short period fluctuation was observed

Water Level

Observation by ADCP

Range of fluctuation7cm 15cm



https://www.kkr.mlit.go.jp/biwako/aquabiwa/aqua/lake-pheno.html

Seiche-related phenomena?

North side

South side

South side

North side

South side North side

4 hours cycle 
were recognized 
in this lake 

A seiche (/ˈseɪʃ/ SAYSH) is a standing wave in an enclosed 
or partially enclosed body of water. Seiches and seiche-
related phenomena have been observed on lakes, 
reservoirs, swimming pools, bays, harbors and seas. 
By wiki pedia

https://www.kkr.mlit.go.jp/biwako/aquabiwa/aqua/lake-pheno.html


Left Bank Right Bank

Left Bank Right Bank

H-ADCP observation line

Maximum Depth is 7.2m
Maximum Water level fluctuation is 15cm

H-ADCP mounting Line



H-ADCP velocity(average of horizontal)

Water level

H-ADCP velocity

Horizontal distribution 
of velocity obtained by 
ADCP
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H-ADCP calculation method

ADCP transect
Calculation result of flow distribution from 
H-ADCP single observation line

bottom10％:outer polation by Log Calculation
discharge

H-ADCP observation line

Bin size: 25cm

Quadratic equation



H-ADCP calculation result



Tracking of all data

distance 90.2m Dir88

Condition?



Discharge comparison of H-ADCP and VAt4.0

(40)

0

40

80

120

160

200

50

100

150

200

250

300

350

5/9 7:00 5/9 8:00 5/9 9:00 5/9 10:00 5/9 11:00 5/9 12:00 5/9 13:00 5/9 14:00 5/9 15:00 5/9 16:00 5/9 17:00

er
ro

r 
d

is
ch

ar
ge

 (
A

D
C

P
-H

A
D

C
P

)

D
is

ch
ar

ge
(m

3/
s)

Comparison of Discharge(H-ADCP and ADCP transect)

RP & VAt4.0 H-ADCP Error Discharge(HADCP-ADCP)

H-ADCP

ADCP transect

Error discharge(ADCP - HADCP)

Battery replacement

Question: difference are uncertain of ADCP transect?

About 30 minutes wave exist



How to determine uncertainty of ADCP using this kind 
of data?

1. Determine uncertainty of H-ADCP
➢ Implement “High-pass filter” in order to subtract 

random noise. 
➢ Fourier Transform is applied.

2. Subtract ADCP transect from H-ADCP’s
3. Compare the results with Q-view 
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1. Determine uncertainty of H-ADCP
➢ Implement “High-pass filter” in order to subtract random noise. 
➢ Fourier Transform is applied.
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Good N1 is needed to determine
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Natural pattern

Random noise or uncertainty
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Random noise or uncertainty

Now there are two unknown.
1. Uncertainty of H-ADCP discharge
2. N1

Finding two unknown is impossible.

Finding N1 with known uncertainty, and apply same N1 to H-ADCP discharge

Known uncertainty?

Uncertainty of Gauges are known!!

RuggedTROLL100

precision；±0.1％F.S.

F.S. is set as 9m

→ Precision is ±0.009m
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When N1 = 10, corresponding to that 
of 4 hours. (Seiche)
Difference is more than precision

One of the bad example of selection of N1

Precision 
of gauge
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When N1 = ∞, corresponding to that of 
mathematically true, but practically 
untrue. Error is too small. 

One of the bad example of selection of N1

Precision 
of gauge
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When N1 = 70, corresponding to that of 30 m.
Precision is acceptable range. 
30 minutes are selected from wave pattern.

One of the appropriate example of selection of N1
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of gauge

Let me use this N1=70 for H-ADCP discharge!
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Uncertainty of H-ADCP discharge

( )
1 1

2 2
cos sin

N

n n

n N

n t n t
uQ t a b

T T

 

= +

 
= + 

 


When N1 = 70, corresponding to that of 30 m.
Precision is acceptable range. 
30 minutes are selected from wave pattern.

2σ=11.98m3/s, 3 ～4 %
This number is uncertainty of H-ADCP

Let me call this is true value of H-ADCP



Discharge values with different set up

case1 case2

Reference for velocity Bottom track External GPS

Reference for track Bottom track External GPS

compass internal external
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Comparison of Discharge(H-ADCP and ADCP transect)

case1 H-ADCP Error Discharge(HADCP-ADCP)

2σ=13.98m3/s, 5.74 %
This number is uncertainty of ADCP

case1 case2

Reference for velocity Bottom track External GPS

Reference for track Bottom track External GPS

compass internal external



Histogram of error discharge between H-ADCP and ADCP
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data：error discharge(%) ±0.5% ※H-ADCP-ADCP

case1 case2

Reference for velocity Bottom track External GPS

Reference for track Bottom track External GPS

compass internal external
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Comparison of Discharge(H-ADCP and ADCP transect)

case7 H-ADCP Error Discharge(HADCP-ADCP)

2σ=17.00m3/s, 6.97 %
This number is uncertainty of ADCP

case2

Reference for velocity External GPS

Reference for track External GPS

compass external
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case2

Reference for velocity External GPS

Reference for track External GPS

compass external



Discharge comparison of Q-view and VAT4.0(BT)
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discharge comparison of WR2 and VAT4.0

Vat Q-View diffarence

Bottom & Surface : WR2(power) , VAt4.0(log fitting)
Leftbank & rightbank outerpolation : none
Missing data complement : WR2(outerpolation?), VAt4.0(Linear interpolation)
BT reference
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Error Discharge(%):ADCP - HADCP Q-view_Uncertainty

Comparison of Q-view uncertainty and error discharge between H-ADCP and ADCP(BT)

Q-view average              :2.15%
Error discharge average:2.4%



conclusion
➢209 transects were measured in an actual river

➢Fluctuation with the period of 4 hours and 30 minutes are recognized.

➢Uncertainty of H-ADCP were about 3 to 4 %

➢Uncertainty of ADCP with bottom track is about 6%

➢While, uncertainty of ADCP with GPS is about 7%


