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OlIl Slicks In the Water and Related
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Complexity of
SAR Images




Integration of Satellite Remote Sensing Data
with Ancillary Data

Four types of Data
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A neural network program is used to fit a function of many variables

Textural Classifier Neural Network Algorithm
TCNNA

8bit pixel value E
Incidence Angle /- E

Wind Speed CMOD5 |

Wind Averaged 1000m
Texture 1 (Average Gray Level)
Texture 2 (Standard Deviation)
Texture 3 (Smoothnes)

Texture 4 (Third Moment)
Texture 5 (Uniformity)

Texture 6 (Entropy) /

—_ Oil Slick

Clean Sea

Convolutions with Filters

Bar Edge
Detectors Detectors




Original SAR Data TCNNA Results
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Oil Slick Segmentation (Manually vs TCNNA)

1000000 -
900000

—— Manual
500000 L. /Darker Pixels ~= TONNA
700000 \k\ {/
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500000 \\
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300000

200000 \\

100000 /

D T 1 T T 1
0 50 100 150 200 250

Pixel Value

Manual Classification

Pixels Qty

Fuzzy Boundaries

hlean Std Dey Mla hlin Total Pixels Area

Manual 36,9563 | 494843 | 254 a 1172929 183.27km

TCNNA Segmentation

TCMNMA | 30,6748 | 468957 | 234 | O 1194702 186.67km




Step 1: Select Image Folder.

R138937072G15006 png
R138937072G1 S006.1if
R138937072G15006w. png
R139623069G15010.png
R139623069G15010.tif
R139623069G1 5010w png
R139623070G1S011.png
R139623070G15011 tif
R140985069G1 S018.4f
R143053070G1 5030 1if
|R144082068G15014.tif
R155058068G1 5005.1if
R155058068G1 S005w. png
R150853380G15013.4if

TCNNA

A SAR Image

Processing Toolbox

Batch Mode

— SAR Image Description-

Select an Image to display
properties

b oo hppn

L

v
o
v
3
—
Enter suffix for the output file name -j
(2.9. 'GC_B00a") b/

Suffix _:?
l Step 2. Select Folder to Save Output '/
TCNNA - SAR Image processing toolbox. A |
. - By Oscar Garcia-Pineda, Ph.D
Step 2: Subset to Process Select Specific Training Set to use garcia@ocean. fsu. edu

Florida State University
RADARSAT STD1 ™ Last Step: Exit
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E\Wonitoring Hydrocarbons Sar Project\Sar
BaclunmtSARWind caticarad ST

Step 1: Select Image Folder...

|R144052070G1 30145 tif S
R144052070G13015_overlay.png
R144425068 515021 tif
R1444250658G 15021 _overlay.pny
|R1444250700G1 3020 tif
R144426070G15020_overlay.png
|R144525068G1 5012 tif
|R144525068G1 3012 _overlay.png
|R144525070G1 30145 tif
R144525070G15015_overlay.png
R144763066 515016 tif
R144768066G1S016_overlay. pny
B1AATESNERGTS015 tif

Batch Mode

— 3AR Image Description
[Image Tag =
[R144525068G18012. tif
[12-Mar-2010 13:31:54
WEe 84 / UTM zone 15N

jResolution (meters) :
125

|Center Image ¥ (meters):
G12474. 23

;Center Image Y (meters):
307ZZ55.038

Enter suffix for the output file name
(e.g. 'GC_BO0A"

. Suﬁx...

Step 2: Select Folder to Save Output ‘

Step 2: Subset to Process ‘

R144525068G1 5012 tif

Select Specific Training Set to use

\RADARSAT STDI v

— Results

Step 5: Extract Oil Spill

Last Step: Exit

|TCHNA — 'é'A'R'I'['mage processing toclbox.

|MacDonald Image Lab.

Florida State University

|Contact: Oscar Garcia-Pineda, FPh.D

lgarcia@ocean. fzu. edu

|Oceancgraphy Department




= Google Earth
Fle Edit View Toolks Add Help
v Search

Fly To | Find Businesses | Directions

Fly to e.g., New York, NY

v Places Add Content
= M& My Places
@ B sightsesing Tour
M y
laver is ked
= M Temporary Places
= M& New TCNNA
= MO Features
+# ¥ &5 R154915068G15016.4f

v Lavers
= 0% Primary Database
® O Borders and Labels
M @ places of Interest
= Panoramio
O= poads
# M@ 30 Buidings
O & street view
w O 8 weather
@ g Galery
#® D@ Global Awareness
[+ DU QOcean
w OO more
Oerrain

Data SI1O, NOAA, U.S. Navy, NGA, GEBCO ==
© 2010 Google 2 GO( )OIC
2010 INEGI e )
Image USDA Farm Service Agency
27°16°24 45" N  90°34'01.97"W elev Oft Eye alt 80.67 mi







‘ Step 1: Select Image Folder...

E:'Mewy Workind DITCHMA CHNESDIS\SAR samplestalLOs

ALPSRSZ26043000-11 5_UD it
ALPSRS226773000-01.5_UD tif
ALPSRES228813000-01 5_UD tif
|ALPSRS22651 30501 .5_UID tif
|ALPSR5229103000-¥1.5_UID if
ALPSRES229103030-01 .5_UD tif
ALPSRES229543000-01 5_UD Hif
ALPSRES229543030-01 .5_UD tif
|ALPSRE230563000-v1 5_LID tif
ALPSRS2305630500M 5_UD Hif
ALPSRE231 20300004 5_UD tif
|ALPSRE231 2030501 5 _LID tif
|ALPSRE2E2023000-¥1 5_UID if
ALPSRS232023050-40 5_UD Hif
ALPSRS233043000-01 5_UD tif
|ALPSRS233043050-%1 .5 _UD tif
|ALPSRS233773000-%1.5 LD Aif

— SAR Image Description
'Image Tag'
ALFER5230563050-W1.5_UD.cif
27-0ct-2010 14:21:20
WGS 84 / UTM =zone 16W

BEesolution (meters): 100.0
Center Image Xi{meters): 213653.64
Center Image ¥(meters): 3333658.798

3766 lines wertically
4237 columns across

Step 20 Select Satelite and Beam Mode. ..

ALOS b

Step 3 Process with TCMMA,

procesing: ALPSRS230563050-W1.5,D

ALPSRS230563050-W1.5_UD.tif

Set High Wind Ares

hdask Lowe Wind Off Set Lowe Wind Area

Generate Fit Mask




<} TCNNA Descending

’ Clesn Hand Free l [ TCMNMA Process
Entet the output falder

S,

Export TCMRA, output D=cending
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RADARSAT-2 (04/24/2010) & TerraSAR-X (04/25/2010)

88°4Q'0"W

88°3Q'0"W  88°2Q'0"W  88°10'0"W  88°0/0"W
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29°200"N

29°10'0"N

29°0'0"N

Symbology

[ ] oil spill 42412010
[ ] oil Spill 4/25/2010

28°50'0"N

[28°40'0"N

TCNNA Analysis

1236 Km*2

0510 20 30 40
O Km

On April 24 2010, at 23:49hrs,
Using TCNNA on a RADARSAT-2
Scan SAR Beam Mode
774 Km”2 were classified as
surface waters containing Oil.

29°20'0"N

On April 25 2010, at 11:50hrs,
Using TCNNA on a TerraSAR-X
SC HH Beam Mode
1236 Km”2 were classified as
surface waters containing Oil.

29°10'0"N

[29°0°0"N

[28°50'0"N

[28°40'0"N

88°30'0"W  88°20'0"W  88°10'0"W  88°0°0"W
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TCNNA Analysis on ENVISAT SAR (04/26/2010 & 04/29/2010)

87°00"W

234 Km”2

129°40'0"N

129°20'0"N

129°0'0"N

Symbology

QOil Spill 4/26/2009

28°40'0"N
E Oil Spill 4/29/2009

98°20'0"N TCNNA Analysis

On April 26 2010, at 15:58 hrs,

Using TCNNA on a ENVISAT

SAR Image ASAR WSM Mode

2234 Km”"2 were classified as
sea surface waters containing Qil.

29°40'0"N

o0o200'N  On April 29 2010, at 03:45 hrs,
Using TCNNA on an ENVISAT
SAR Image ASAR WSM Mode
8247 Km”"2 were classified as

sea surface waters containing Qil.

QQODIOHN
128°40'0"N
28°20'0"N
NOAA/NESDIS EOAS Department
Xiaofeng Li MacDonald Image Lab
William Pichel Oscar Garcia-Pineda

Christopher Jackson lan MacDonald



TCNNA Analysis GOM Oil Spill. Envisat May 2

Ny,

Oil Spill 2274 Km

Analysis
TCNNA Output on May 2, 2010 ENVISAT SAR

2274 Km*2 were detected as surface waters containing oil.
28°30'0"

WATIONAL o

Strong winds indicates that this area contains very heavy hydrocarbons 2! J
that still damps capillary waves. It is posible to infer that a larger area E < \ ;
g 89°0'0"W 88°30'0"W 88°0'0"W 87°30'0"W

contains oil that is not detected due the high winds




RADARSAT-Z ScanSAR 24 Aprl 2010 23:49

TerraSAR-X SCHH 25 April 2010 11:50 M

-
¢ Wiell Location ¢ Wil Location
I TCHEA Sqill Edanl —— TCHMA Spill Exlan
M s [ ' — 9
£ = 5 1m £ -] 1m
ENVISAT ASAR WSM 25 April 2010 1558 N ENVISAT ASAR WSM 29 April 2010 03:45 N

{ {
"4 "4
#  WUell Location #  Well Location
I TCrRda Spil Exien I TCRERA Spill Exient
[ I B I [ I B
u Fi- B ] 1m u Fi- N1 1m
EMVISAT ASAR WEM 02 May 2010 03:51 i ENVISAT ASAR WM 05 May 2010 03:57 i
b oy
[ [
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& el Location # Well Location
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# 5AR [wind 7 to Smy’s) @ USCG Flyover  B5AR (wind > 15 mfs) & SAR [wind < 2 m/fs)
16l

180

12000

10

Area (km?)
:

m Wind > 12m/s
\_/

23-Apr  M-Apr 25-Apr J6Apr  2T-Ape 2B-Apr 19-Apr B0-Apr  L-Mey  IMay  3-May  SMay  S-Bday

Date 2010




BP Oil Spilll Monitoring. Cumulative Detection of Oil per Unit Area

‘ US Mainland
4 OirRigLocation

Cumulative Percentagel
Nermalized Frequency

0-2

3-5 ‘

7-1

12-18

19-26

27 - 34

35-42
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&83-64
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79-93

94 - 110

111 -128

129 -150

151 174

175 - 200

201 - 229

e 50 25 0 50 100 6

1
Miles .

&353'393
[ R 100 100 100 100 100 99 78 11 0 21 52 76 91 99 97 93 27 0
-nsn BH
. 28 52 ‘97 100 100 100 100 8 48 1 0 ©0 3 4 6 5 0 0
-5927892
I 2 0 21 99 100 100 80 69 98 38 0 O O O O 0O O 0
=S‘”52 0O 0O O 39 8 6 1 0 6 5 0 0 0 0 0 0 0 0

953 - 1117
[ ERE bo o o o o o o ©0 0 0 0 O 0 0 0 0 O 0 \ D; Osear Garcia-Pineda
Bl oo MacDonald Image Lab
Bl oo bo o o o 0o o 0 0O O O O O 0 O 0 0O 0 0 F|OEE':S§Z?BZ:R::;W
-153372125 b o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0




BP Oil Spilll Monitoring. Cumulative Detection of Oil per Unit Area

July 30, 2010

:l US Mainland : -\-ﬂ .
* Oir Rig Location %: .qgé
Cumulative Percentage|
Normalized Frequency
o-2
3-6
7-1
12-18
19-26
27-34
35-42
43.52
53-64
65-78
79-83
94 - 110
111-128
129 - 150
151 - 174
175 - 200
201 -229
I 50 25 50 1?0 9
[ 25 - 207 Miles
- 308 - 352
- 353 - 395
L 123 41 100 103 87107
450 - 515
= I 172 149 135 107 122 8§
i 135 114 102 102 106 56
- 693 - 817
- 19 135 117 18 67 94
| EEBRY
e 8 99 73 84 108 Dr. Oscar Garcia-Pineda
— Machorad imase Lo
| REERC (AR 05 8 23 Florida State?University
| R 137 88 43 3 36 33
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BP's Qil Spill Analysis. Normalized Detection of Surface Oil.
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Natural Hydrocarbon seeps are natural springs where
liguid and gaseous hydrocarbor’i,s leak out of the ground

L]
'1-
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| Slick Origins (OSO)

O

2.

Analys

il Slicks

O




The challlenge of estimating the location of the active seeps, is that each sar image provides a
different location of the OSO generated by the same seep formation




@ centoic
Sources in SAR images
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Acoustic Amplitude
— 2000404

— 3.000E+04

— 4000E+04 S

5.000E+04 SRERIA

6.000E+04
7.000E+04 §
B.OO0E+04
9.000E+04
— 1.000E+05
— 1.100E405
1 200E405

— 1.300E+05

SURFACE AMPLITUDE & SAR ANALYSIS
AT DIVE SITE GC600
B cCalculated Centroid from SAR
4+ 0OSO Centroids
%/ Qil Slick Origin (OSO)

[] offset Range by Deflection | | | | | | Kilometers

I MMS Lease Block 0 0.5 1 2




Natural Seep Formations in the Gulf of Mexico

+  Seep Sites

VRIS

— Bathymetry = 500m

1081 Seep Formaticns in the Gulf of Mexico.

Average = 1424 Individual Vents
Maximum = 1325 Individual Vents
Minimum = 1105 Individual Vents




Porcentage Average of Oil Coverage
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~1100 bbl x day

: e "v =
10 x 10 km cells

Percentage Coverage
0

[ ]0.01-082
[ 1083-151
[ 1152-28

Bl 251-504
B 5.05-8 91
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Facts

1. Daily Natural Seepage ~1100 bbl
2. Daily BP discharged oil ~60,000 bbl
3. Natural Seepage dosage ~ 400,000 bbl x year (in geological time)

4. BP oll spill ~ 5,000,000 bbl in 84 days.



OIL THICKNESS WORK

http://www.Iatimes.com/news/nationworld/nation/la—na—oiI-rig—20100423-pictures,0,5444277.photogaller.y
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DU olallualuUuos 1UI
assessing oll on

W rteea!‘y among North Sea

States

Relates oll thickness to

color

U.S. not a signhatory, but
NOAA adopts for its field

g!'? Code Description Layer-Thickness Interval Concentration
LE microns (um) inches (in.) m? per Km?  bbl/acre

()]

S ~ —
tl’g S Sheen (silver/gray) 0.04-0.30 :gi :gﬁ 0.04 -0.30 ;g lc,: 0>
St : ) 1.2x10°- _ 7.8%10° -

g R Rainbow 0.30-5.0 2 0% 10* 0.30-5.0 128 x 10"

&

g : 3 2.0x 104 - B 1.28x 10" -

: M | Metallic 5.0-50 20x%10° 5.0-50 128

') 00

e Transitional Dark 2.0x10° -

5 T | (orTrue) Color 50 - 200 8 x 10° 50 - 200 1.28-5.1

% D | Dark(orTrue) Color | >200 >8x10° >200 > 5.1

zZ

Chart modified by A. Allen from Bonn Agreement Oil Appearance Code (BADAC) 02 May, 2006.
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