Automated classification of underwater multispectral |maEﬂ ry for coral reef monitoring
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The Problem Many |mages toclassﬁy by hand An Improved Solution: Combine high spectral resolution imagery with image texture metrics
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Correlation is 1 or -1 for a perfectly positively or
negatively correlated image. Correlation is NaN for
a constant image.

Returns the sum of squared elements in the GLCM. | ¥ pi.
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Energy is 1 for a constant image.

Returns a value that measures the closeness of the ¥ ]{'L'(-{-‘A
distribution of elements in the GLCM to the GLCM =/
diagonal.
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Homogeneity is 1 for a diagonal GLCM.

A gray-level co-occurrence matrix (GLCM) is computed by Analysis of the GLCM is performed by computing several
. ) L o . = 3 -t - oy = x e 8 . Il ® _ Bt : i AT g calculating how often a pixel with the intensity (gray-level) value i metrics (table above). First, the GLCM in units of counts is
Many coral reef monitoring programs use underwater video or still imagery to speed up data acquisition. Processing such WL T RS e oy usl 7 :l ST | . : : g e occurs in a specific spatial relationship to a pixel with the value j. normalized to form a probability matrix (p) such that the sum
: : : : : : : : : : . et il TSI . 1% L n T ® : " : ; | ey n L el _ .= i The figure above illustrates the process using a spatial relation-  of the elements in (p) equals one. Then the elements of the
|m§gery to _eXtraCt US.er|.eC.O|-OgIC8| mformahon, however, is very labor intensive because it requires manual anaIySIS via UL W TR R M Vo Dt 2 "l ! R - = ' ST I _ " ' | 75l ; ship defined as the pixel of interest and the pixel to its immediate matrix (p) are summed in various ways to emphasize differ-
pomt Countmg or tracmg individual ObjeCtS g £ 58 F g e R s VL g o N "l Tl £ : e "N . . A “ 3 et Sl et =g right (horizontally adjacent). Each element (i,j) in the resultant ent aspects of texture.
SR sl ol TR R o T | = ' : ' i ' e ' GLCM is simply the sum of the number of times that the pixel Correlation measures the joint probability occurrence of

Color match I ng o n RG B Images IS not a sol Utl on ’ _‘ ~ e % ' 3 .’ﬁl . T gl |’ Ty - | 3 - 2 ,r (5 N e I . ' with value i occurred in the specified spatial relationship to a the specified pixel pairs. Energy, also known as uniformity or

pixel with value j in the input image. the angular second moment, provides the sum of squared

Bernhardt and Gl"lfflng (2001) showed that au- i ;l . Ao I ' ; :' e ™ -t g ' g I 'l is : : | T " =5 T - In this paper, four GLCMs were computed with spatial offsets elements in the GLCM. Homogeneity measures the close-
S Bt Lok gl {# . : i 8 E ' S . : ' one pixel to the right, left, top and bottom. The four results for ness of the distribution of elements in the GLCM to the

tpmated classification usmg .CO|OI” Segmenta- N S TR e e : each offset were averaged to produce a single image for each GLCM diagonal.
tion of standard underwater Imagery was not — Sl o TR o o Wi TR — metric (2B, to the left).
successful and that interactive classification,

;/:gile more successful, was very time consum- 2a) Spectral Ratlo ND568_546 ' NI tio 4) Smooth to create final result

AL ¥ 47 B . vy NG v " = Example of processing for one dataset. Step
Far left: RGB image from a Sony P-93 RGB \ B e '3'?; i N i iy T ‘i ¢ 1: False color image composed of three mul-
underwater camera. Left: Segmented image N A g b ol A § tispectral camera bands (589, 548, 487 nm)
created with the Photoshop color matching .= W ik | ) o ¢ displayed in RGB. Step 2A: Normalized dif-
tool by interactively picking pixels on the Sider- W Bt 1 m ¢ ference ratio of bands at 568 and 546 nm.
astrea siderea coral colony in the upper right i e W e o . Prgeeglod ! Step 2B: GLCM texture images for correla-

of the image. Note the high confusion between | PRL R e ) ™ | i i ; tion, energy, and homogeneity. Step 3: Clas-
live corals and the image background. | et 7 R | - J ¢ sified images computed from thresholds on

# GLCM images (2B) and masking with spec-
1 tral ratio (2A). Step 4: The final classified
! image created by smoothing the three

One POtentiaI SOIUtion: | images in step 3 with a majority filter.

Use high spectral resolution imagery, not broad-band RGB " 14 R L% _ WL i A ek b Colors n steps 3 and 4 are coral (o), algae
e . green), backgroun ack).
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spectra of basic reef compo- % ' 1 7 '

nents, coral, algae, and
sand, were easily distin-
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?;ilzr:te:n\géthb?ﬁirts\?vzﬁtﬁg : | | | | | | | | , | | | Accu racy 1) High spectral resolution imagery is an improvement relative to broad band
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! | P : ; < . £ _ : - ' | ND. .., accurately segments coral + algae whereas color matching cannot.
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criminated with few broad
bands. The figure at right is
adapted from their paper and
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shows the decrease in classi- @ o | ik B e I T P & B &< 7% . 4 - - 2) Narrow spectral bands alone are not a complete solution for automated classifi-

fication accuracy as spectral A0¢ 500 800 700 400 500 600 fo0 500 600 700400 < = | | o - | 860/ . .
resolution decreases. Wavelength (nm) Wavelength (nm) Wavelength (nm) Wavelength (nm) < N r : ' r o . ' o Catlon Of reef Images’ however

In all panels Blue = Sand; Red = Coral; Green = Algae " | e, . 3 B o TN s | Segmenting coral and algae, together as one class, from the background is not a useful
Several studies have suggested spectral bands that might be " . -1 8 L end in itself. On the other hand, segmenting coral and algae with a narrow spectral band
optimum for mapping and monitoring coral reefs from satellite . | o T e ratio was useful in this study when combined with image texture measures. The evidence
oir elirs@ile ey Uine geel @ e Esenil wolts ies 1o 6! 1 i I 3 for this was that thresholds of texture images computed with the GLCM algorithm were
whether the proposed spectral bands could be used to auto- : e :

able to separate coral and algae after the background had been identified with the narrow

mate the classification of underwater imagery. The figure at left ‘ i | . : : . :
summarizes the recommendations from the literature. — == e sl i — e — band ratio, but they could not do so without the prior application of the narrow band ratio.
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Derivatives: Clark et al. 2000
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Above: Proposed bands for coral reef mapping: Each row of points corre- vertical blue and red rectangles in the flgure to the left. Bands be used to Segment baCkground from Coral

sponds to the bands proposed by a particular study. Solid points mark band ] .
centers, while squares and diamonds mark the locations of derivatives. centered at 546, 568, and 589 nm were used in both filter sets. .
i TR T L , _ Iy L S A and algae. Texture values in areas of the
P — - : 2 Reflectance of Siderastrea siderea . T PRI i R WS < T 0 o ' e R ARSI ..
CCD Camera (R R y . TP P of BN " T o | 4 GRRIAGE N . o B B G 0 background were very similar to those found

1 G A Coruier controled underwater camera (S AM) wih @ T GRS I (e ol 8oy 3) Acquiring underwater imagery in narrow spectral bands and pre-processing the
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—+— 885 band Spectroradiometer

GLCM texture metrics work well to distinguish
coral from algae, however, after removing the
background with the spectral threshold
(bottom row, right).
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Using a narrow-band spectral ratio simplified
the texture classification problem.
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Avove: nsd of MSCAN ThetlensIflgertﬁhangelrat?d ce camera) QR Wavelength (nm) _ 3k S 7N e SR Y | 4) The combination of high spectral resolution and texture classification has a
are labeled. Unlabeled components include the single boar sk JUIRONRN (i \ : : : , . : ' R e S IR o, B ; : . .
e e el R rccolutons: bus = hyporspectal od = MSCAM gréon = standard RGB LT R R B+ | Uy S | -_ strong potential for further progress towards full automation.
| ' ST 169 MO NG e a0 & el G YIRS et 1 Pl = o IASSNS. e B . ey ALr | . R  GLCM was used for convenience and to prove the point that high spectral resolution
ance that are averaged over by the RGB imagery. R S | . : e s adE: K e A T, o : : _ : d t ) |t th th t ] | t t t M d dt t
. | ata can improve results with even the most simple texture metric. More advanced texture

classifiers exist and may be expected to produce even better results.
* Much is known about the spectral reflectance of corals, algae etc.. but much less is

known about their textural properties. Research in this area should also improve results.
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