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Estimation of ocean spill area using

an image processing technique
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Estimation of ocean oil spill area using
an image processing technique

Jang, Hye Jin

Department of Naval Architecture and Ocean Systems Engineering
Graduate School of Korea Maritime & Ocean University

Abstract

Oil spill accidents at sea not only destroy the ocean environment and
neighboring ecosystem but also do harm people by the maleficent gas
generated by the phase change of crude oil. Therefore, it is necessary to
minimize the damage by initiating a quick response as soon as an oil spill
occurs. Previous studies used the radar (SAR) image to calculate the oil
spill area and determine the exact amount of oil spilt. SAR images,
however, are difficult to access and therefore cannot be utilized in time.
This paper introduce a method to estimate the oil spill area from the

image obtained using various digital devices.

Images containing oil spill scenes are analyzed using an image processing
technique. The oil spill images used in the analysis are normally classified
into two regions for the water and the oil. Those two regions are

distinguished by the color difference based on the hue property of the HSV

vi



color space. A preprocessing approach that minimizes the errors possibly
caused by the light reflection on the image is proposed. The histogram of
the preprocessed image is analyzed and binarized to determine the regions
of the water and the oil. When the binarization by the color cannot be
accomplished, additional properties of an image such as saturation or
brightness are used to estimate the oil spill area. A graphical user interface
system is developed to help the user to estimate the ratio of oil spill

region from an image.

KEY WORDS: Oil spill 71&/44 #%; Image processing ¥4 e; CV HFH
H|H; Segmentation ¥/ £&; Concentration 3 %;
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Fig. 1.1 Oil spill accident (Korean Federation for Environmental Movements)
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Fig. 1.2 SAR image RADARSAT-2 view of leaking oil platforms in the Caspian
Sea (Fingas & Brown(2017))
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Fig. 2.3 Effect of median filter: before (left) and after (right)

3) Bilateral Filter
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Fig. 2.6 Effect of Laplacian filter: before (left) and after (right)

3) Canny (1986)
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Fig. 3.2 Difference between grayscale and binary image

3) HSV

A xHhue), A =(saturation), ™ =(value)E tThFojoF 3= Al 2HOA AL FH
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Fig. 3.3 HSV cone
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Fig. 3.5 Skimming oil in the GoM(eft) and hue histogram(right)(NOAA)

Fig. 3.6 Deepwater horizon oil spill(left) and hue histogram(right)

Fig. 3.7(eft)=} Fig. 3.8(eft)- 20161 %(Shell)/\}ﬂ d5
[e]

Fig. 3.7(eft)¢} Fig. 3.8(ef)= HIn3tHES wl IA F 7FA oS &<
F Atk A WAE = HZ¥olth Fig 3.7(efH)olA Hol= 96 #= W
Fig. 3.8def)oll A A& & A& FF AHEG A BAo FARE A

ot
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ZEa AT F FAe £4T s2EOY A3 F0] vE AL A58
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q

Fig. 3.7 Shell spills around 90,000 gallons of oil (left) and hue
histogram(right)(Greenpeace)
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Fig. 3.8 Shell ‘s oil spill (left) and hue histogram(right)(Greenpeace)

Fig. 3.79] 97] 3|2E
2 g3 ghol %Xl }{

(Fig. 3.9)3} Fig. 3.89] 87| s|~E1¥ (Fig. 3.10)
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Fig. 3.9 Y histogram of Fig. 3.7(left)
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Fig. 3.10 Y histogram of Fig. 3.8(eft)
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Fig. 3.11 Odyssey circle (left) and hue histogram(right)(Paul Edmondson/Getty

Images)

Fig. 3.12 Diesel oil spill (left) and hue histogram(right)(P_Wei/E+/Getty Images)
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Fig. 3.14 Diesel oil spill's hue image

AR Mo I T F& AS g 715 vidE vd 93] Fig. 3.5, Fig.
3.7, Fig. 3.8 A% s|2EOFdA Al /19 FaE zte F4S UEdH ¥
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S|2EORA F e 3aE etk miA e R AR g Ao s
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Input image

Apply filter

l

Change the color
space BGR to HSV
and gray

!

Split the HSV image

l

Analyze hue
histogram

)  E—— |
/3peaks // 2 peaks // 1 peak // Others /
! ! —

Binarization Binarization
by 2 valleys by 1 valley

Analyze saturation
histogram

—
/Zpeaks/ / Others /
| |

Binarization Analyze grayscale
by 1 valley histogram

/Zbinary // 1binary/ [
images image /zpeaks//others/
. ’

Binarization
Mask 2 images by 1 valley

Result 1 binary End
image

Fig. 3.15 Algorithm for binarization of oil spill image
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= otelle] Fig.

Fig. 3.16 Binary mask result of Fig. 3.5(left) Fig. 3.7(middle), Fig. 3.8(right)

S| 2B ANA F Ao HAE Zh= I Fig 3.6 3 wel o)t v}
Folth A 3 2EIWS o] 83 o3t A= Fig 3.173 £

Fig. 3.17 Binary result of Fig. 3.6 using by hue valley value
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Fig. 3.18 Saturation histogram of Fig. 3.6
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Fig. 3.20 Binary mask result of Fig. 3.6

o B
AgTES B

Fig. 3.21 Saturation histogram of Fig. 3.11

Fig. 3.22 Saturation histogram of Fig. 3.12
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Fig. 3.23 Brightness histogram of Fig. 3.11

Fig. 3.24 Brightness histogram of Fig. 3.12
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41 ML 87

B =EAAE Agsts ¢uglES 20902 FEIT. sk 22
P Crdo]E 7|utoz T~ glolB gl OpenCV 3.4.4F AR&3te] 7)
Eglon Ztes| Aw gkt

(1) OpenCV 3.4.4
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(2) Visual Studio 2017
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Fig. 4.2 Qil spill image for test

Fig. 4.3 Split image from Fig. 4.2 (hue/saturation/brightness)
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[ TN .
Fig. 4.4 Hue histogram of Fig. 4.2
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Fig. 4.6 Comparison of the results of Fig. 4.5 and Otsu method
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Fig. 4.7 Example image(1)

Table 4.1 Length of example image(1)’ s figure
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Table 4.3 Result of example image(1)’ s figure

o4 =48 S[px] AA =8 Spx]
A} 891,662 891,662
=3 AA 133,051 133,377
9] 27F 758,611 758,285
errorrate = approx-—-exact><100
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0.94 = 133,051—133,377><100 3)

133,377
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Fig. 4.8 Example image(2)

Table 4.4 Comparison of the results of example(1) and example(2)
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o] AF 891,662 891,662 891,662
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Fig. 4.9 Example image(3)
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Fig. 4.10 Example image(3)* binary by Otsu(left) and after preprocessing(right)
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Table 4.5 Result of Fig. 4.10
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AA = ALE-H FAFig. 4.9 ofefje} e A O“"\P(Flg 4.12) A 3 A

ol FiES ZouiA AT Aor d F

out FG A 59 A7 glol FFEH d4Eg £Ho R FYsHA AT
2ol dF A o] ALH AT} I, AEAE VFoE FAAHA FAA $
ol ZgstA] k] W&ol ge] < E(perspective) EAo] FAE AT
3D FE 2D FHoE KVIBEE IS A&t ALtsor AE3 ARE
DS T UTh 4.24H Y At E FAH[EES o] &HA L, FEolA Ee
A st49 e ol &t A4yl wEel 7t wAaE & U

Fig. 4.11 Applied high pass filter to example image(3)

Fig. 4.12 Original image of example image(3)
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4.3 GUI A|2=H
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7 Oll Area Estimation - o *

Source )) Result ))

il Area Estimation v0.1

Fig. 4.14 Oil area estimation program GUI(manual)
2O FH Al ANE dE AH= F 467 Zoh

Table 4.6 Results from oil area estimation program

binary image oil[%] water[%]

32.85 67.15

47.98 52.02

10.49 89.51
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RE B
Bl 94 #4 way)
Index | H S Y Results Oil Areal[%] Water Area[%] | Remarks
1 @) - - H Mask 40.98 59.02 [Fig. 3.5]
2 X |0 - HS Mask 32.85 67.15 [Fig. 3.6]
3 @) - - H Mask 47.98 52.02 [Fig. 3.7]
4 @) - - H Mask 52.66 47.34 [Fig. 3.8]
5 X A A - 57.86 42.14 [Fig. 3.11]
6 X | X A | Y_THRESH_BINARY 87.45 12.55 [Fig. 3.12] Not used mask
7 O - - H Mask 70.27 29.73
8 O - - H Mask 52.25 47.75
9 @) - - H Mask 10.49 89.51
10 @) - - H Mask 24.14 75.86
11 X O - HS Mask 63.69 36.31 Similar with no.2
12 X X X - 13.66 86.34 Binarization fail
13 X | X |0 |HY Mask 71.52 28.48
14 @) - - H Mask 8.07 91.93
15 @) - - H Mask 39.10 60.90
16 0 - - H Mask 20.30 79.70
17 @) - - H Mask 11.09 88.91
18 X X X - 19.95 80.05 Binarization fail
19 @) - - H Mask 23.26 76.74
20 0 - - H Mask 45.51 54.49 [Fig. 4.2]

50




Result

Source

Result

Source

51



Source Result Source Result

52




Source

Result

Source

Result

53




Source

Result

Source

Result

54




	1.
	1.1 연구 배경  
	1.2 선행 연구  
	1.3 연구 목표 및 내용  

	2. 영상처리기법
	2.1 디지털 영상과 영상처리  
	2.2 색 항상성  
	2.3 영상 전처리  
	2.3.1 저주파 필터를 이용한 잡음 처리  
	2.3.2 고주파 필터를 이용한 경계 구분  

	2.4 이진화를 위한 임계값 결정  
	2.5 영상처리 색 공간  

	3. 기름 유출 영상 분석 및
	3.1 영상 분석  
	3.2 이진화 결과 비교  

	4. 기름 유출 면적 추정
	4.1 개발 환경  
	4.2 면적 추정 방법  
	4.2.1 영상 전처리  
	4.2.2 히스토그램 분석  
	4.2.3 임계값 적용  
	4.2.4 면적 산출법 및 검증  
	4.2.5 결과 분석 및 고찰  

	4.3 GUI 시스템  

	5.
	5.1 요약    
	5.2 향후 과제  

	감사의 글   
	참고문헌   
	부록 A   
	A.1 물질별 해양오염 발생 현황(2018)   

	부록 B   
	B.1 영상 분석 면적비   
	B.2 영상 분석 이진화 결과   



<startpage>11
1. 서론
 1.1 연구 배경   1
 1.2 선행 연구   4
 1.3 연구 목표 및 내용   6
2. 영상처리기법 이론
 2.1 디지털 영상과 영상처리   7
 2.2 색 항상성   7
 2.3 영상 전처리   8
  2.3.1 저주파 필터를 이용한 잡음 처리   8
  2.3.2 고주파 필터를 이용한 경계 구분   10
 2.4 이진화를 위한 임계값 결정   13
 2.5 영상처리 색 공간   14
3. 기름 유출 영상 분석 및 비교
 3.1 영상 분석   17
 3.2 이진화 결과 비교   23
4. 기름 유출 면적 추정 시스템
 4.1 개발 환경   30
 4.2 면적 추정 방법   30
  4.2.1 영상 전처리   31
  4.2.2 히스토그램 분석   31
  4.2.3 임계값 적용   33
  4.2.4 면적 산출법 및 검증   34
  4.2.5 결과 분석 및 고찰   39
 4.3 GUI 시스템   41
5. 결론
 5.1 요약     43
 5.2 향후 과제   44
감사의 글    45
참고문헌    46
부록 A    49
  A.1 물질별 해양오염 발생 현황(2018)    49
부록 B    50
  B.1 영상 분석 면적비    50
  B.2 영상 분석 이진화 결과    51
</body>

