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Correction of Nodule Abundance Using Image Analysis
Technique on Manganese Nodule Deposits

Chan-Young Park*, Hyo-Taek Chon** and Jung-Keuk Kang*

ABSTRACT : The purpose of this study is to correct the nodule abundance of FFG (Free Fall Grab) sampler on KODOS
(Korea Deep Ocean Study) area in North-East Pacific Ocean. The image analysis of sea-floor photography was carried out
for correcting the abundance of nodules, and the image enhancement techniques and edge detection method were used to
discriminate between nodules and sediments. The trace of nodules on sediments was detected to reduce the fractionation
effect in calculating the coverage of nodules. The three methods, using the coverage of nodules, using the volume density,
and using corrected volume density, were utilized for the correction of the nodule abundance. The method using the cove-
rage of nodules was more convenient and available for the correction of nodule abundance than the other two methods,
The method using the corrected volume density had the highest confidence level compared with the other methods.
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Table 1. Correction efficiency of FFG sampler (OMCO,

1992).
Nodule Abundance(kg/m?)
diameter ¢ g 5-10  10~15 >15
06cm  78% 76% 75% 73%
6-8cm 9% 77% 75% 4%
8-10cm  76% 73% 1% 69%
>10cm  62% 59% 57% 55%
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Table 2. Japanese codes of sampling accuracy.

Code No Classification
1 Sampling perfect
2 Sampling incomplete
3 Sampling not enough
4 Sampling failed
5 No data for the sample/not collected
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Table 4. The specification of image analysis system.

Table 3. Determination of sampling accuracy code.

a(%) 0 5 10 20 100
1 1 1

1.00 !

075 1 1 1 1

b/a . 1 2 2 2
0.50

0.25 1 2 3 3

’ 1 2 3 4

a; Coverage of nodules(%) visible on sea-floor photo.
b; Coverage of nodules(%) visible on the photo of the sam-
pling taken on board.

Main board Intel 486-DX2
Targa 64°

14" RGB control monitor

Frame grabber

Monitor 17 S-VGA monitor
Film scanner Fotovix IIX-S
CCD camera
Camera Hi-Scope video microscope
Software Mocha for windows
Color video printer Sony UP-300
Removable driver Sony NWP-559
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Fig. 1. Manganese nodule on board.
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Fig. 2. Flowchart of on-board image analysis.
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Fig. 3. Mangnese nodule on deep sea-bed.
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[ Raw Image ]
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Convert 8 bit Color Image to 24 bit Color Imagej
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Fig. 4. Flowchart of sea-floor image analysis.
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FFG Sample

Weight sum
of nodules with
long axis longer than
6cm = 30%

Someone with
long axis longer
than 10cm

Weight of any
nodule with long axis
fonger than
10cm 2 1kg

Weight sum of
nodules with long axis
longer than 10cm
> 1.5kg

No
Group A

Fig. 5. Flowchart of FFG sample classificatyion focussed on
abundance correction.

B group :
Y=055*X
30 7] Number of data = 46
1 R-squared = 88% .
< 1 A group :
7] y Y=028+X
] * / Number of data = 251
20 // R-squared = 95%

Abundance(kg/sq. m)

T 1
0 0 20 30 40 50 60 70
Coverage(%)

Fig. 6. Relationship between coverage and nodule a-
bundance using method L.
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Fig. 7. Relationship between nodule abundance from FFG
and from sea-bottom photograph.
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Fig. 8. Relationship between relative volume and nodule
abundance using method 2.
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Table §. Coefficient of shape in each shape type of nodules.
Shape type D-type E-type I-type P-type S-type T-type
Coefficient of Shape 0.74 0.82 0.73 0.73 0.95 0.56
Y=96*X. 22 e 23 1O, 21l 1
o e pis = 254 39 339 A3PTRS AV By 20149
s, Rl ol -0 Zol AAWAL o] +3E HNEAEAAEL Fol 43
X A48 Tec.
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5 20 o 2T, ¥ L ()2 2ot (Fig. 9).
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Fig. 9. Relationship between relative volume and nodule a-
bundance using method 3.
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Fig. 10. Hypothetical profile of supper 10 cm of sediment
showing levels of nodule burial. a. Nodule from can be
seen in photo, but a thin layer of sediment obscures the a-
cutual nodule, b. True nodule perimeter is visible in photo.
¢, Reduced nodule perimeter is visivle in photo. d, Nodule
shows no surface expression. ¢. Knobby projections on top
of large nodule give the impression of two or more smaller
nodules.

Fig. 11. Fractionation effect on nodules due to thin sed-
iment cover. Dotted lines show actual nodule boundary,
continuous lines show exposed parts of nodule.
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Table 6. Fitting results in correction methods.

Method 1 Method 2 Method 3

Equation Y=130X Y=120X Y=1.20X
Average Y 743 7.03 7.01
Residual sum of squares 42039 314.11 281.10
Coef. of determination 0.893 0.906 0.914
Residual mean square 7.93 593 5.30
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