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ABSTRACT

Hydrocarbon leakage into the environment is a major probiéimlarge economic and environmental impacts. Traditiomethods for

investigating seepage and pollution, such as drillingtiare consuming, destructive and expensive. Remote sehampgroved to be a
tool that offers a non-destructive investigation method laas a significant added value to traditional methods. @jptnote sensing
has been extensively tested for exploration of onshoredugaibon reservoirs and detection of hydrocarbons at thén'Eaurface.

Theoretically, remote sensing is a suitable tool for dieew indirect detection of the presence of hydrocarbonsdretivironment. In

this research we investigate a leaking pipeline througlyaiseof hyperspectral imagery (HyMap). Due to inhomogersefield cover,

variations between fields turned out to be much larger thaeldnvariations related to pollution issues. To overconige ghoblem a

spatial-spectral normalization procedure was developatjunoving kernels to enhance pollution related anomalibs final results

shows local anomalies which are likely related to hydrooarpollution.

1 INTRODUCTION different measurement techniques. The general trend qidhe
lution levels, estimated from the drilling, appeared torbstiong

Hydrocarbon leakage into the environment is a major problemagreement with anomalous regions in the vegetation headh (

’ . ; - der Meijdeet al,, 2004). From 5 anomalous regions that had been
with large economic and environmental impacts. Hydrocarbo found by drilling. 4 are overlapping with veaetation strémsnd
pollution can be either natural, through hydrocarbon sgepar u y driiing, veriapping with vegetal

- ) L by spectroscopic measurements.

man-induced, through leaking pipelines or storage tanksa |
pipeline leak is large or undiscovered for a long time, sahishl  As spectroscopy is capable of detecting botanical anomatie
volumes of explosive gases in the soil can develop into dauge  |ated to pipeline leakage, the use of air- or space bornerbgpe-
situations involving costly remediation works. The Unitttes  trg| imagery gives a good expectation. This research was con
National Transportation Safety Board (NTSB) has reportéded m sequently extended with the acquisition of airborne hypers
lions of dollars in losses and several casualties due toigane  tral imagery. Not only would the need for expensive and time-
leaks in the recent years (NTSB, 2001, 2003). consuming spectral field campaigns be reduced, it wouldadiso

- ] o ) low all fields to be simultaneously and consistently inteted.
Traditional methods for investigating seepage and poliytsuch

as drilling, are time consuming, destructive and expensive-

mote sensing has proved to be a tool that offers a non-désguc 2 IMAGE PROCESSING

investigation method and has a significant added value to tra

ditional methods. Optical remote sensing has been extysiv 21  HyMap hyperspectral imagery

tested for exploration of onshore hydrocarbon reserveits Lang

et al, 1984) and detection of hydrocarbons at the Earth’s surfaceAn overflight with the HyMap airborne imaging spectrometer
(e.g. Liet al, 2005; Kiithnet al, 2004; Horiget al, 2001). The-  (Cockset al, 1998) took place at the 19 of June 2005. Two
oretically, remote sensing is a suitable tool for direct anttirect  field campaigns have been carried out in support of this flight
detection of the presence of hydrocarbon seepages (e.gnétoo The first field campaign has been carried out in May 2005, at the
etal, 2005; Schumacher, 2001; Yaatal, 1998; Tedesco, 1995). beginning of the “flight stand-by" period and a month priotlie

In practice, most of the observed geochemical and botaamizaha- overflight. In this campaign, several meadows covered wiisg

lies that result from leaking hydrocarbons are subtle andmigue  have been measured with an ASD portable spectrometer. The
to pipeline leakage. purpose of these measurements was to obtain referencen@easu

ments for later comparison with the HyMap imagery. The sdcon
In the summer of 2004,a field campaign was performed to infield campaign took place at the day of the overflight. The pur-
vestigate the possible relationship between vegetatiessand pose of this campaign was to obtain bright and dark reference
hydrocarbon pollution resulting from leaking pipelinesheTar-  measurements of homogeneous surfaces, to assist in theaeali
eas of interest were 4 meadows along a 1 km test trajectoryion and validation of the HyMap imagery.
Based on the status of the vegetation interpreted from figd-s
tral measurements, one field could be identified as beingficle
and healthy” while two fields show a significant increase ig-ve
etation stress directly above the pipeline (van der Megtlal.,,
2004).

The dataset comprises two scenes that cover the entire 21 km
length of the pipeline. The data was geometrically and atmo-
spherically corrected by the German Aerospace Center (DLR)
(Richteret al,, 2002) and delivered in reflectance. In this paper,
we concentrate on a test area along 1 km of the pipeline (figure

These results were confirmed by drilling records of 2003cwhi 22 standard processing techniques

showed increased levels of benzene condensate in soil anddyr

water. As our sampling locations partly overlapped withsthe The processing of the HyMap imagery initiated with calcuigt
drilling locations, a comparison could be made betweerethes  the Normalized Difference Vegetation Index (NDVI, (Wessma



310000 31 1000

5913000

310000 31 1000

5912000

310000 31 1000

Figure 3: Rededge position calculated for the test areapdbie
31000 311000 tion of the rededge ranges from 715 nm (black) to 733 nm (White
with a mean of 722 nm. Pixels without sufficient vegetationero

Figure 1: A natural colour composite of the Hymap imagery, are masked out by an NDVI threshold of 0.6 DN (figure 2).

showing the test area in the North of the Netherlands. The lo-

cation of the pipeline is indicated by the NW-SE striking liee.

The image dimensions are approximatley 1600x1600 m. et al, 1993)) (figure 2), which expresses the presence of vege-
tation in a scale of 0 to 1. Image pixels that are supposed to
be influenced by landcover other than vegetation, such ad-bui
ings, roads and bare fields, were masked by an NDVI threslfold o
0.6 DN. The spectral index that had been most successful-in de
tecting spectral anomalies during the field campaigns isetle
edge position. This index represents the wavelength pasitf
the red to near infrared intensity difference caused byroplayll,

310000 311000 which is therefore typically found in vegetation spectraeTed-
edge position was calculated after Guyot and Baret (1988) an
is based on four spectral bands in the visible and nearradra
wavelengths. As can be seen in figure 3, the variation in red-
edge position is mainly representing the variation betwdién
ferent fields rather than variation within a field. Studiesafu-

ral hydrocarbon seepages (Sméthal, 2004; Pysek and Pysek,

1989; Hoeks, 1983) showed that the influence of leaking hydro

carbons extends approximately 4 meters at maximum. Leakage

from a pipeline is therefore expected to be seen as subtte spe
tral anomalies in the pixels that directly neighbour a le&kthe
contrast in redege postion in the hymap image is mainly edlat

to spectral differences between fields, a normalizatiocgutare

was necessary to enhance in-field variations.

2.3 Normalization procedure

A normalization procedure has been developed to corre¢héor
variations in rededge position between different fields.this
normalization procedure, the average value for a field isrtas
the background value that represents its general state.ld\die
311000 in this procedure defined as an homogeneous area with rededge
values that are within a 1 nm range from the pixel that is to be
Figure 2: Normalized Difference Vegetation Index (NDVI)«vva normalized.
ues calculated for the test area. The index ranges from O DN
(black) to 1 DN (white) with a mean of 0.7 DN. The normalization is done in a circular kernel that movesr ove
the image. For each pixel, the reference value for the kasnel
based on the 8 pixels that neighbour the centre pixel (fighre 4
The centre pixel that is to be normalized is excluded to aegid
treme pixel values from terminating the normalization jpEs

3 10000
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Figure 4: Schematic diagram of pixel nhormalization in a uliac
kernel. The centre pixel is ignored in the calculationstead
8 neighbouring pixels are used to calculate a referencesvalu 310000 311000

This reference value is compared with pixels in the yellowudp

which are used to calculate the background value of a field. IfFigure 6: The normalized values for each centre pixel, ¢aled
case a background pixeldeviates more than 1 nm from the- refewith the circular moving kernel. The values range from -8
ence value, the kernel is assumed to be moving into anothey fie (black) to 0.75 DN (white) with a mean of 0.0 DN.

and the pixel is ignored in calculation of the backgroundugal
The 8 reference pixels and the surrounding kernel are netrdra
to scale.

The variance within the surrounding donut is not allowedxe e
ceed the aforementioned threshold value of +/- 1 nm witheetsp
to the reference value. In case a certain pixel exceedshifash-
old, it will not be taken into account in the calculations,thwi
the result that the kernel will not incorporate pixels frorlds
with a different type of cover. This process is repeated farg
pixel in the image. The background values that are obtaiyed b
the moving kernel are shown in figure 5. The separate fields got
a homogenous background value, which indicates that theker
represented the average background value for either fidldvas
not exceeding into other fields. This automatically meaasre
established a background value that is almost equal forgiaeh
within a field.

310000 31 1000

The background values in figure 5 are used to normalize each
pixel in the rededge image. Every pixel is scaled between -1
and +1 with respect to its background value. Values close to -
1 mean that the rededge is low with respect to the other pinels
the same field, andice versa Pixels with values that are close
to 0 are close to the background value of a field. Figure 6 helps
to assess whether this procedure is working properly. Ith&n
observed that the pattern of rededge values is scatterethand
separate fields are not distinguishable anymore. This atelic
that the normalization procedure has corrected for diffeveg-
etation types.

2.4 Interpretation of thenormalized image

310000 311000 Since every pixel in the image has bet_an normalized, pixel val
ues range between -1 and +1, where 0 is equal to the background
Figure 5: The background values for each pixel, calculat#ld w value of a field. The interpretation therefore focusses emty-
the circular moving kernel. The values range from 717 nnofjla  ative values since these are pixels that are possible detavi-
to 730 nm (white) with a mean of 722 nm. The values in eachronmental problems. For representation of the vegetataitin,
field are homogenous while boundaries between these fiedds aa colour scale was chosen that ranges from green, repmgenti
sharp. This shows that the moving kernel approach can eaécul relatively healthy vegetation with a value around 0, ovdloye
the background value of a field and did not cross into othaidiel and orange to red, representing relatively stressed vametaith
with a different spectral signature. a value around -1. It is evident that not all anomalous veigseia
is a result of environmental pollution. Many anomalies @ccu
close to boundaries of fields or are related to in-field inhomo
geneity such as worked tracks. However,abgriori knowledge
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In the expert analysis, we tried to avoid the interpretatibnat-
ural variance as pipeline related anomaly. Using spatiéijve
spatial occurrence of anomalies with respect to the whold)fie
and spectral criteria we attempted to minimize the amoufatieé
anomalies in our interpretation. It needs to be stresseadtbee

is no proper way to assess the success rate of our inteipretat
without ground truth information.

In the test area, only two fields were in a good enough conditio
to be evaluated. Unfortunately, no ground truth informaticas
available on these two meadows. As the step from field spectra
information to image spectral information involves a splatiix-

ing of signals, the existing ground truth information contat be
used for image processing. The success rate of our intatjmet

is likely to increase when additional ground truth inforifoatbe-
comes available for areas that were well vegetated at theeambm
of overflight. The development of an automatic proceduré wil
depend on the validation of our present results and a subsequ
tuning of the processing method.
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Figure 7 shows the result after the weighing process. Anemal
further away from the pipeline are now suppressed what ingso
the visibility of anomalies close to the pipeline.

25 Ground validation
Because of unfortunate mowing regimes of the farmers araydel
in the acquisition of the airborne measurement due to mylita

airspace restrictions there was no comparison possible thvit
field data obtained prior to the flight.

3 DISCUSSION AND CONCLUSIONS

In this research, we developed a method for image normalizat
which visualized in-field variations rather than variattmetween

fields. In the intermediate steps of the image processinge, on

can clearly observe the functionality of the algorithm toivke
so-called background values for each separate field in thgem

The normalization procedure resulted in clustering of azltes

in the image. Some of these clusters occurred relativelsay
from the pipeline and are therefore not likely to be related t
pipeline leakage. The addition of another spatial critgrlonit-
ing the occurrence of anomalies to the direct environmerthef
pipeline, resulted in a cleaned image. In this cleaned imagyg
those anomalies that fall within a certain buffer of the pipeare
shown. It is important to realize that not every anomaly isase
sarily related to the pipeline. There is a certain naturalkvee

in the vegetation that occasionally might appear as a patent
pollution anomaly.
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