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Development of Wave Height Field Measurement System Using a Depth
Camera

Hoyong Kim' -Chanil Jeon®Jeonghwa Seo" '
Department of Naval Architecture and Ocean Engineering, Chungnam National University1
Department of Health Sciences and Technology, Sungkyunkwan University2

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons,org/licenses/by—nc/3,0) which
permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

The present study suggests the application of a depth camera for wave height field measurement, focusing on the calibration procedure
and test setup, Azure Kinect system is used to measure the water surface elevation, with a field of view of 800 mm X 800 mm
and repetition rate of 30 Hz, In the optimal optical setup, the spatial resolution of the field of view is 288 X 320 pixels, To
detect the water surface by the depth camera, tracer particles that float on the water and reflects infrared is added, The calibration
consists of wave height scaling and correction of the barrel distortion, A polynomial regression model of image correction is established
using machine learning, The measurement results by the depth camera are compared with capacitance type wave height gauge
measurement, to show good agreement,

Keywords : Depth camera (ZJ0|71H|2}), Wave heignt gauge (TtA)), Calibration (% AlE)
1. A—I = BEx A oA, MEA! oA, =T oAzt Ack

(Kim et al., 1996). 0|52 2T HHZ(pointwise) HAlo=z,
Sh X|&o| Alzloll 2 o HslE AlEsk=r =Xo| ok

Mulsiksst ZolollM= s-Hufet 2ttt 242l H|Fol & w2t Mol smHule| ExE A =512 =40| AZ7|7|
tH&olch 7Aool 2y Aol Asfel 5 Sl 7} "osiclks 27} et (Kim et al., 2001; Metcalf et al.,
FHI 2HE siME moll= ofn, 7|, TiE Y &5 59 2006)
Mol g YEE Hojol sk=dl, 0| ol Azt 37| 2 A5 MM 7|sel wekz ol ZIEZ2FRE(point
e +H =0lo| HaE AFSH| =ct. ASE sHut Z0| cloud)e| 7idoz 7| Ex| BZE QlAlskE J|&0| M2
st ME= Ao & AFoM ot E 0|88 253EHSE T g1 Ack ol MofER QlAE XMES SZHe| FETS
sh=d| o2& 4= U1 (Kim et al., 2014; Park et al., 2014), 2 Lleple grloz  2lolcKlidar), Z0|7HHZHdepth
ETEI & Algel Fols AAY o #Haje| AHEY F camera)®t Z+2 EH|S0| Clekst 22| sAlo| HZol| 0|51
Mg Sof thah ool Fok- 8 i Fxet Rofutn, 2 RACH (Park et al., 2011; Deems et al., 2013). 0|S MME =
ZF712 & £ Act (Goo et al., 1994; Jung et al., 2004). 0| ol A S0l AR=RE 2R, sHIle| 3k 2%, & AEH X
Qo =, Mulo|Lt SHUYTEE FL|o| WEkel Mol =2 & xe| mrZHwave height field)S ShHoll IO 4= QU =Ich
off rmlet FxE0 MSAES AITE £ UCt (Suh & U, 7|Ee| A E gralo| Hlo|ef7t S X|Hol| Skl AlZlof| whE )
2006; Lee et al., 2013). 0 H31ks MiSsi2n vsh, Sl e =HI HElE g

flo| AT E1} 2SI, 7t TfnE AEsP| s ciakst 2Ms0 AE 09 +Fnt siAMe| X7t Zok ZHe
7|2Ho| FHek=|0f Rict THY AF ARSI AHF AARS 2 J[CHElct
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Table 2 Position of the markers on the calibration target

X (Pixel) Y (Pixel) x (mm) y (mm)
18 20 18 20
55 20 118 20
92 20 218 20
128 22 318 20
17 56 18 120
54 56 118 120
92 57 218 120
128 58 318 120
17 93 18 220
54 94 118 220
91 94 218 220
127 94 318 220
18 129 18 320
53 130 118 320
90 130 218 320
125 130 318 320

Table 3 Coefficients of the mapping function

330 2.94 by | 4.48X107% | ¢ 0
axn |-3.33X107"| by | 1.61Xx10° | & |-5.00x107*
ap |—3.94X107°| by | 2.92X107* | o 1.07
arp | 1.94x107° | byp | 9.37x107 | & |-9.13x107"

an |-1.75x1073| by |-2.21x107°
ap | 2.10xX107° | byo | -7.49%x10°°
s | 2.77x10°° | b3 | 1.68x107°
a2 |-1.87x107°| by |-3.71x107°
an | 2.10xX107" | by 3.01
oo 0 boo 0

Table 4 Error of estimated marker position by the mapping
function

Standard deviation (mm) | Maximum error (mm)

X 0.477 1.027

y 0.536 0.994
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