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Abstract

In this study, the applicability of the surface image velocimeter using the far-infrared camera was examined in order to solve the
application problem of the measurement in night time, which has been pointed out in previous studies as the limit of the surface image
velocimeter. For this purpose, the accuracy evaluation of measurement of the far-infrared camera was conducted for two conditions.
Accuracy was evaluated by calculating the relative error of the results of the measurements of surface image velocimeter using the
normal video camera during the daytime that was already verified. As a result, the relative error of the surface velocimeter using the far
infrared camera was 4.3% at maximum, the average error was about 1%, and the error of the fog condition was maximum 5.2% with an
average of 2%. In conclusion, it is possible to measure with high accuracy when using far-infrared camera in a invisible environments
where the water flow can not be visualized with a general camera.
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Fig. 3. Schematic diagram of experiment

Table 1. Specifications of experiment channel and flow conditions (day & night)

Specifications of experiment channel

Flow conditions

Shape Width Height Length Slope Discharge Water level | Mean velocity |Froude number
Rectangle 0.8 m 0.6 m 16 m 0.0015 0.092 m*/s 0.25m 0.46 m/s 0.29
Table 2. Specifications of cameras used in this study

Far-infrared camera (TSM-72, TBT)

Normal camera (HMX-M20, SAMSUNG)

Vid Output frequency NTSC: 59.94 Hz (30 fps) NTSC: 59.94 Hz (30 fps)
ideo
Resolution 720 x 480 1920 x 1080
Type Uncooled micro bolometer CMOS
Sensor
Wave length 8~14 um N/A
Operating temperature —15°C ~55°C N/A
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Fig. 8. Results of each cross section for the measured surface velocity at day-time

08 Relative error 4
lasiv 35
—_ o FIR-SIV
L 06 - L300 —~
£ poonoooononag 8
> e 5588% Bag 25 g—
8oa | 8° L2 &
[
: 2
© Max error : 3.5% K]
] 1 L
E 02 Avg. error : 1.1% 10 &
7] 5
0.0 I'mhw!”»m ~n sananll o
0 0.2 0. 0.6 0.8
Distance from the left bank (m)
(a) Cross section 1
0.8 Relative error 4
1 aSIv 35
_ o FIR-SIV
% 06 | L300 —~
£ EELE 2
2 QDUUUQUDBBQGQQQQ BEEDQQ 25 g
8 04| af 20 5
o Max error : 2.7% K
] 4 L
T 02 Avg. error : 1.3% e
7] 1 5
o 7] ? m A ; m 0
0 0.2 0.8
Distance from the left bank (m)
() Cross section 3
7|Zo0]B &2 o]#]gt 2fo] 7} HHASITA 5o FIR-SIVE] =
4 AT SIVET W e = glok ok, 2
o] Z20] FIR-SIVE] Z-84 Hrlo] B2, o]u] Y&} 7
FHSIVE 70 & &% 284 A9 o 75 Hsh=t|
A7o] 28-L Fol B eS BT Bt

[=]

oK} W £ 27 Aot AE WYL F7h0) AT

27 X)7)0] o|7} A5}
o, ol wte} 4529} 710) £.50] £ Aol BT,
o] 2 ol35]] YA A JAYo] 7 a} of7te] thA xjo] 7t ZA)
Fehe 2 Fig. 6014 EIgh il ik, et 4t 404
o] eolztoll= o7} 7 o] ZAY5HA] SH=t} FIR-SIV 2] of
70 EW G4 57 JREE HPH 0 vl BAR Ak

=

=
o] ZéFJrOﬂH F7h S5 FIR-SIV =74 A7) H2]o]
SIVE] A} ol F A= AL BRI 4= Qi & ot ut
TR SIV 34 453 A th2A] of.ow e 7} ule-
2S5 Utk AHAE B 471 S419] vl w A
o2} Hth 2] = 4.3%, Bt A 2= 1% WLl =2 5702
vket 37| th22] ¢t

ER I TS B 2o A e Aol B o
ol TSk A& =Rl 57k Qlt. o= A et
eF ol Ptolre w2 B v 2 QI8 S5 wte] &
AstaL, oo whet 427 A dAR] & Kol x| ¢k, &
ol Hlsh g o & frgshe T2 Ae] 271l A 27

Zo|t}. & A9 o] Bt M= T o7 5% ool 7] wiE
of 2 2= glrkal e,

HAEH S 2 FIR-SIVE ot 45 57 Al 24}
o] 7gtt 77} 71590 5% el s£ghd (2t ofu 2,
LA7F1% Hel2 F3tAutet npty
S 2ol 2870l 2417t 910l = J
= =0 13541 0] S 2ot A7
B ARGl Zhssheal s,

"‘Jﬂ
%o
S

4. FIR-SIVe| 2Pl 221 274 H8/Y A&

ofz1e] ERAEEAL AF7H) Ml gL sIv 7
ol S2fe] 2o} Shom, ol2 sdst ] SIeh ke L
(Fujita, 2013; Fujita et al, 2013; Kim et al., 2015)5°
HE ol 170 9] 9= oFkat o] mj o REEA] e



604 1. Bae et al. / Journal of Korea Water Resources Association 50(9) 597-607

08 Relative error 40 08 Relative error 40
| oSIV 35 1 oSIvV 35
—_ o FIR-SIV —_ o FIR-SIV
9 06 - L300 —~ 2 06 | H30 ~
= e L=l tlelelet o =T=T =1 2 = Lesoooonnnoeeas S
- p88e Og 25 = > geead Bg 25 *
= o = go o
] a8 = o B =
S04 @ 20 5 004 @ 20 5
[ [
> 15 2 > 15 2
Q = [ -
S o2 | Max error : 3.7% | 10 % 8 02 | Max error : 4.3% | 10 %
‘\5: - Avg. error : 0.8% [ ‘g i Avg. error : 1.2% 4
] . 5 7] 5
0.0 4 rfApnfBllnpnnan, HM,, o 00 I flnn nlna, ana, . 0
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.8
Distance from the left bank (m) Distance from the left bank (m)
(a) Cross section 1 (b) Cross section 2
08 Relative error 4 08 @ Relative error 4
oSIv 35 1 oSsIv 35
—_ o FIR-SIV —_ o FIR-SIV
g 0.6 - F30 g 0.6 0
= EEEEEEEEELETS s £ =[=)z]etol o] s
z gaaasss "By = g z g5uee@8eoeeEs ey B g
S a® £ © a® £
o 04 B8 F20 & o 04 @ 20 5
[ [
> 15 2 > 15 2
g Max error : 3.5% K| S Max error : 3.0% K|
S 0.2 - 2990 L 10 o S 0.2 - PO 10 @
£ Avg. error : 1.5% & T Avg. error : 1.3% (4
7] 4 5 7] 1 5
PN PIT PYSRRRETT 1L LLT EWPYT 11 PSR TTTPRRTTITTITTTTTTPRATY | B
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8
Distance from the left bank (m) Distance from the left bank (m)
() Cross section 3 (d) Cross section 4

Fig. 9. Results of each cross section for the measured surface velocity at night-time
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Table 3. Specifications of experiment channel and flow conditions (fog)

Specifications of experiment channel

Flow conditions

Shape Width

Height

Length

Slope

Discharge Water level | Mean velocity |Froude number

Rectangle 0.8 m

0.6 m

16 m

0.0015

0.092 m’/s 0.26 m 0.44 m/s 0.28

Fig. 11. Generation of fog condition with dry ice
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Fig. 12. Images acquired with FIR-SIV and vector diagram of surface velocity fields for fog condition
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Fig. 13. Results of each cross section for the measured surface velocity in fog condition
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