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Design and Verification of a Wave Gauge Using Digital Images
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Abstract : A new wave gauge using digital image of waves is developed and the performances are tested by
wave tank experiments. This wave gauge uses frame frequency of 1/15 sec, conversion of analog images to
digital images, and large capacity of hard disk. This wave gauge measures wave heights by detecting the buoy
movement automatically from the image, where the buoy moves with the same phase of water surface. The
comparison of automatic measurements of wave heights to the true data is reasonable. The wave gauge can be
improved to measure wave heights on shallow waters near shorelines.
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Fig. 1. A diagram illustrates extraction of pixel line from an
image. A: the extracted pixel line B: the place of extrac-
tion of pixel line.
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Fig. 2. A stack of pixel lines extracted from the time series of
400 images.
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Fig. 3. Design of buoy for the wave gauge.

Fig. 4. A shaft with a buoy oscillating with water surface.
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Fig. 5. A camera and computer system for picture-taking and
image-processing.
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Fig. 6. Variation of pixel intensity along the designated pixel

line and the point used for wave height measurement.
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Fig. 7. Comparison between measured wave profile with image processing technique and observed (true) wave profile.
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Fig. 8. Examples of wave profiles measured by image processing technique.

A= F3AE A3 100 GB ol df=r]aae]
Alel= AAREe R #3 BE 5908 UXE 94
o] Fel= AFElel A3k A& 71 siem &
g 2208 Fo AFeE FFE AYstd FaH
Y3 58 k= Folo] AXE Aso FEFOT
A g g ARrsIdnt. olgA AztE snAE Zue=
oA doje] 95 BMAIAAN HE B3 e &
4 wwslct. 53] gt Rolo}k & I8 HAFEH &
FiEiers o] &3] Anlgo YA H3 PES T
F 9lon A7 et 2 71E9 1A BEHY
= g A §¢to2 glo] 713 Wy S AMSgH
o2X B AwHo g wg BME 4 gt 18n
FAROE B2 AM I8 s B0 77| R
R stk He 4 WA el e gt
ol Ae] F-gol ox] & Aol A WA 2o
setdel] 2H AsfolA dFg BS3tux & o A
3l 252 32 88 A9 A A A7t
3o 330 &1, ol2d 717]E0°] AP Al AL
42 FE0F F17] W Fo] 5 AANNN 4 A
g o] AHEAlolE B2 EAlHo] Yehton 53]
71391 Aol ol o] At 28y B suAls &
o xe] 7]A1AQ] Folof AUTe] FF FR| =&
3 AT YUA= 5L o83 SAJolM ] BSo
7¥sstng Aol 9 Rt 51 el 4
23] ojzl oM F71FQ] BSx §olF Ao
Bl

FHd] serA = 271 X8 sl U

Ol

L gyBs

P

ol Bol A7HL Ut ole} AL Aulgoz g7 7
A AE B2E T % Aok ol AW E Yo
£ B ARE S0 V& Ro) Witk £
A9 2o] AEAH WAo T Wt BEE 3= 4
% w13} Qo] ol 2R50) X% Wajel] i3 B
A7) B3} Wsploke iEgHolnz & s} 2
o] GAHE ol83 DEUHS L - AHg3ke Aol vl
@ oz BT T2 AP A o Hl2ER} 3
7 B kAR @l A7) Slshie e 2
& gAHE s@stelor & Rolrh

330, 458 wisjol] me Role] 4T Atk &
& 1telol k. dgtel AA el L 715 o]

e B Sdl9) 22 89S o] 88 As HA 3
o] AT WAV Fo Wt g R 5& 1Y 3

i

¢ o2 BHNE AXSAY HEES o83l TBd)
IHA|AY gt

A, Agdoire i Folo] $290E vie 2
3lo] sl Fige] si=tolut ATl o3k 2
ok 7ot e A 94 A H
3 3 PANZE ALgstolof slez G AA A3
o] BhE Zo g Helt) ol2gh S XT3 Fol o
A Fol| 93 vt BEo] P58t

AR, AG oM Folol 25t sl glo|LE o]
f|3&la] R, G, B AX 5 B A% G40 ALE3td A
FHog wng A5 5 AUk AP YRy L
3} 2o 95 8739 WPyt A2 o) Wi ojds 3t
et Bio] 715sh) 9)Re] el TEolehEx] &



OAE &S o83 saA i 2 A

< Fapa) e Foge] Ak HEATE 97 a9l
o] A& WItmE old] Wigt Foir} Paditt Bk W
22 R, G, B A% oljg} HSV(Hue, Saturation,

Value) JEE 7 o] 83led B4 3AE BAFE 97
M= AT Te du BEo] sslelaa B}
YA, PR R 7)1Ee] WeARl 432 A ¢
A2 sluA T @FolA FABRESS FAFoTH A
29} S8490) tha AHES} 7o) o Fo)Hof g,

HAte 2

of =2 20019 FASE ShadTH] A o

177

o[)l

3ol APHYFUD. 99L T ST BE A
3} 222 AF4 AN LREA A=Y,

I
r

{02

A}, {FEIE, AE7) (2000). it Aut F3t £

S FATH (1996). BNLe] AR} vl HYE}
ZFA 1, S FATL, 125

Gonzalez, R.C. and Woods, RE. (1992). Digital image
processing. Addison-Wesley, Reading, MA 716.

Received May 5, 2004
Accepted August 31, 2004



