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A Novel Water Surface Detection Method Based on Correlation Analysis for
Rectangular Control Area
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Abstract

In this study, a novel water surface detection method was proposed. In the method water surface is detected
by analysis on correlation coefficients obtained from rectangular control areas of the same vertical position
in two successive images including both water surface and staff gauge. Four methods respectively based
on threshold, peak, slope and variance ratio, are used to identify water surface from vertical distribution of
correlation coefficient. In addition, swaying correction algorithm and statistical filtering are applied to minimize
outliers caused by positional image mismatch. Images taken from 28 different sites during low flow were
tested to evaluate the method. Mean relative error to eye measurement was approximately from 3.4 to 5.7
cm. As long as water surface moves, this method can be used to improve image stage gauge by supplementing
the previous water surface detection method.

Keywords : image stage gauge, image, correlation coefficient, control area, water surface detection
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Fig. 1. A Staff Gauge (left) and a Conceptual Illustration of the Proposed Method (right)
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Table 2. Results of Application (6 underbared sites have narrow horizontal pixel size)

" VI |FAELA| B | A || i) 4919 2K (pixel) 59193 em)
i I E Wl 591 | A | A
= 533|598 (em) (oo | A | A | 7T @A Peak| 7171 #201 |91713] Peak| 71471 (iAb | ol A1 | Peak 71671 54
1 214 104[1,123 200 | 746{0.816(0.130|0.95| 739| 791| 736 750 7|-45| 10| -4| 19|-121] 2.7) -11
2| AzE 63| 639 104 | 423]0.946]0.630(0.98| 423| 432 514| 514 0| -9| -91| -91| 0.0| -2.2|-22.4|-22.4
3| A4 96| 840 94 | 639]0.862(0.130(0.95] 630 692| 647| 639 9|-53| -8| -20| 1.3| -7.8| -1.2| -2.9
4 i3t 2401 4800 40 | 357|0.819]0.100 |0.95| 337| 368| 341| 348| 20|-11| 16 9| 22| -12| 18 10
5 vl 129] 480 57 | 251{0.959(0.960(0.98| 260| 268| 302| 298| -9|-17| -51| -47|-2.0| -3.9|-11.6|-10.7
6 )2 110] 345 45 | 187[0.809(0.150(0.95| 180f 226 184 202| 7|-39 3| -15| 17| -94| 0.7| -36
7 ke 90| 620 74 | 43910902 10.500(0.98| 413| 454| 442| 446 26|-15| -3| -7| 44| -25] -0.5| -1.2
8 il 106] 830 65 | 523{0.934(0.720]0.98| 527| 558| 528| 532| -4|-35| -5| -9|-05| -4.3] -0.6| -1.1
9| ke | 671,140 182 | 822[0.776(0.100 [0.95| 757| 823 794| 806| 65| 1| 28| 16|144| 02| 62| 35
10 o] 84[1,990 658 [1692]0.911(0.210(0.95{1,6891,7431,722(1,717|  3|-51| -30| -25| 1.2|-19.8|-11.7| -9.7
11 ) 60| 797 103 | 460]0.77410.1500.95| 459| 515| 461| 477 1|-55| -1| -17| 0.2|-12.3| -0.2| -3.8
12 =3 78] 900 118 | 650{0.973(0.760 |0.98| 644| 684| 717| 648 6|-34| -67 2| 11| -62|-122| 04
13 =4 75) 830 113 | 587]0.740(0.100(0.95| 552| 588| 958| 570 35| -1| 29| 17| 67| -02| 56| 3.3
14| 259 | 109] 386 38 | 149/0.866|0.610(0.95| 147| 202 148 2|-53 1| 05-135 0.3
15 & 1241 982 84 | 701]{0.795]0.060|0.95| 679| 720 680 694| 22|-19| 21 7| 26| -23| 25| 08
16| AR 40( 705 190 | 471]0.704{0.110 468 3 12
17| Adidd | 184 474 55 | 339|10.909(0.190(0.95| 320| 345 319| 323| 19| -6| 20| 16| 3.1| -10| 32| 26
18| 5x1d3d(op| 183| 638 75 | 463|0.870(0.390(0.95| 416| 488| 467| 462| 47|-25| -4 1| 76| -40| -06| 0.2
19| 543(59) | 183| 638 75 | 452|0.628 [ 0.180 431 21 3.5
20 ekl 67 970 155 | 732]0.78410.0500.95] 699| 735 69| 714 33| -3| 33| 18| 7.0| -0.6| 7.0 38
21| A9zt | 139(1,2000 225 | 954/0.828|0.095 917 37 8.7
22 ) 801,282 356 (1007]0.885(0.153 997 10 35
23| gl | 68| 234 36 | 101{0.811]0.340(0.95| 97| 103| 118| 122| 4| -2| -17| -21| 14| -07| -6.1| -75
24| A 70(1,100 230 | 873]0.827(0.074 869 4 1.1
25 A 761,226 187 | 962|0.869|0.083 969 -7 -14
26 78t 951,240 145 | 971{0.905(0.355(0.95] 959| 985| 1039 991| 12|-14| -68| -20| 1.8| -2.1|-10.2| -3.0
27| kA | 328(1,2920 68 | 827[0.706(0.032[0.95 790| 820| 789 804| 37| 7| 38| 23| 30| 06| 31| 19
28| A2 | 74(1,294 305 | 965[0.799(0.065 [0.95 935| 968| 934| 948| 30| -3| 31| 17| 95| -09| 98| 54
doigkdt 1811226 273|181| 34| 49| 57| 39
° 18154, HA%gk 7ol 22694, 7187)9) MRAL  HlvhE AL uktehd FuiKom He o} weem
ol 43k 7o) 27.354, Ratu] 7ol 1819 vet B 5 Qlvh @3, 471K B Fol 7P oA Ae
wom, o]& Bawe] Zdolz e oAk 247k 34, W doH9l Hlgo] YAA%% Ei 98%)E 48
49,57, 39em® UER} diAZ ok 5em we) oW @ Aow Yrhdth o 4 sy} gl Bl o
flol B Aow ey o] M9l AR Fold & o] Batul ol 2F FRAFT} ol E $H
Ag ATEA AW AAG FsEt ofe} 71E o 540 wdREnke AL ou @tk 5o ZAW F
o] 5977} Ak Qi olspell o7k 529 ol B EEYom & WAL o] Had
F%7190l viskd oAbz} ta = debdth sAR, Aol 97 917 ZA) AP HEAEE A9E Al
o] QARELS 71E olWs} oA 1Pl GARIATE & She, Adigt oAk 15994, AR 71E LA 28
@ 2RM e A Fom 2AE 5 A eme) 2AF cmE PG £E 292 wivh 9o A4 WA
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A= e o= Pk zhob kel AT sl =4 deksth o2
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Ak 7E FFElat Al SR1H ] gt 711 40 S
A Ao A9 EFo] W 2o ANHESl - -
oF v]=shh A FEHEEo] A FRARR 9 9 E o] QA A= 7 e TR A 7EE A
ATk SHARE, dEAle] oftke] WEe] e AER F |3 e Zo| Fol| 5 Hol & VX)) ik 1
W Aol FES vXA] = AoR Btk 24 A % BfhE AA o] oS AAX(95% = 98%)
Qo) A4 BA F0%0] FfEol A ool o ool A vehdrhs Aolth AN R S W] b
A vl ol ezte) BB SlolE FAek Yome @ o) A Tl (984, 20 cm)sh £ (-4x)4L,
SR QAo JFE FA 3 ek oAl BARel . -05emE AF 207} AP mE Exﬂ o] A)A|
28 Qi o] 2sta maste] £H Qo] whEE ool A Lbebulth o)ok= w2 ATk /WS 288
= Aol7h iz Ao Vet o] Q143 91 FIEAGL AW AF 217 AH
Al A3 A HApo] ArbgadS vpE vhar 9) oA A o] Akl 1%l bt ke
e Sk vhE ghel] JEFok= 55 W3 185k 1 A3 e] -5 470 F7doll A o] Ak sh3 (815 — 820
BHAFe] Wso] A2 545 e Qlth —&8—83) 3 A A U L F gl 27 AR
2bF AR e S5l Agk AR b 4 Ag3 M mshd AAZ 27 A Bl A
Aol A o] el WsAdo] tha =LA Yo, 4 THZ TRk oA st Zlo] "k o= &
HE Aoz ety s dAIAE 0% A= Azl o9 °1T°ﬂ Agle] FApge] 53 =R
7HA] gko] Agafof sk Aol ATk = ot "ol oA HFgho] Uit A1 o]
A1 Expgto] ofyd mzbel =93k Alo] A 2l ahH, Aojx ‘4%}0:'; gk ol A= A
= AWzt 23] A wae] HETF A2 A8l A Fo] YehA] &8 Aow fad = e £ 3
v A (A o] ol whALE Hlo] FakE kB At Aol ek a7, AAX] 7'M HFE 7S 58] 4
AA7F S5 BAR B2 GHoA ] A |3 A5 AA F9E o] F Abelol e o]xis) o
Zlso] A vEbstth olol wet Hxid G99 Al A AP 22 7159 7 A7) 9 E 2914
T WA dEPs] e dAAE 0%E A& sto] o] HAE WA &= HAoA FHE Fohes
alof sk 548 Helth o S Aolth vt e 950l Bt fFElate] F
npA o 2 SHAA(F) AR Ag 7HAEd FE bkl &3 o] 5ol sk F9dE A AT
710l dial] Zhelelrt 2Exdo] A s | Ay 9 gho] Al el e 1E 0w FAE L fEe] =
A 4n)e] FEATF F 54 A Qlrk o] = <& Hx) HA A 850 HARS ZHE o] AFE fX|dA e}
ol AL mwol FElehA Bt ofyurt sk g A AT ofeiEel A HH:
545 Yehdl=t), o) & wkgste] F714 0 @A Table 3ol 4= Table 1014 A|AISE Z+ 2 Ao
Hgo] SRIH AT IFlolle Betal 47h4] W BT 59, 5 14, Bx4e] e @l wEt i A
7F vaA gt £ A E Adell S Eelst o] AonE Huptom A Edtt ojyf e E5H
% 2 5 A uPFo R AXke uf 154 oo
Table 3. Comparison of Error according to Environmental Condition
AR gk 7171 AR
=4 T oA Aol oA Aol oA 4ol = Aol
(pixel) (cm) (pixel) (cm) (pixel) (cm) (pixel) (cm)
o 4o) A7 16.2 2.8 24.4 4.3 316 6.5 227 4.8
SE59 o 59 19.7 3.8 21.2 5.4 235 5.0 13.8 33
o IR 22.0 3.8 15.0 3.2 16.0 3.3 114 2.6
! A 16.6 3.2 255 55 319 6.7 20.1 45
E )} Hl oA 17.4 3.3 22.6 5.2 235 5.0 157 3.8
24 4% ok 194 34 22.8 4.3 33.6 6.9 20.2 4.2
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