Automatic recognition of geomorphologic features.

By remotely sensing physical characteristics.
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Introduction.

To assist geomorphologists in the interpretation of all the wonderful images provided by modern technology, more technology is needed. This research will strive to create a tool for the identification and interpretation of geomorphologic features from remote sensing (and other) images. Information from several different sources will be combined and analyzed by build-in expert knowledge to produce a map of suspected landslides. 

1. Goal

The objective of the project is to design and produce algorithms able to detect geomorphologic features through identification and interpretation of physical processes derived from analyses of remotely sensed imagery, including DEM.

These algorithms will use built-in expert knowledge of the landscape-processes involved to remotely detect properties of the feature of interest. 

The landscape features that will be used during the development are landslides (see section 2.1 Landslide theory). All aspects of the algorithm design will be oriented towards landslides, however the basic concept can be applied to a range of landscape features.

A secondary goal is to minimize the need for input (by the user) after development.

1.1 Research questions

1. Is it possible to derive sufficient information from an image to allow a computer to reliably detect landslides?

2. To what degree do the algorithms misclassify? Detecting landslide where there are none, or missing a landslide that is present.

3. Is it possible, and practical to combine information from several sources (images) to improve the result? 

4. How much input does the program need from the user? 

1.2 Application  

The interpretation of a landscape often is a very complex procedure that requires a range of skills to perform adequately. Traditionally a person performed these skills. Technology has advanced to a point where some of the skills can be preformed better by automated systems (computers). Technology has not come to the point (yet) that the human element can be eliminated from the process, therefore a mix of the two is called for. The human assisted by technology. 

This research will be a tool for landscape interpretation.

These algorithms will be a step towards automation of landscape interpretation. The human element might someday be completely obsolete, but until then technology is there to assist. In the next paragraph (2.1) the role of computers is discussed further. 

The practical and scientific applications for landscape interpretation are endless. When using the landscape for any purpose (building, mining, studying, preservation,…) some understanding of the features present in the landscape is necessary. 

2. Theory.  

2.1 Programming concept.

This algorithm is intended to assist in the interpretation of remote sensing images. The automatic classification as preformed in this program is based on natural processes and uses (to an extent) the same tools as an interpreter on the ground. An observer walking trough the landscape is looking for clues that indicate the presence of a particular landscape unit. 

In the case of landslides an observer might see an interruption of the contours of the hill, combined with a lack of mature trees. This would lead the observer to look for other characteristic signs that he/she knows could or should be present if it is, in fact, a landslide. These characteristics could include the presence of transverse or radial cracks, a scarpface, etc. 

Many of these kinds of characteristics are visible in, or can be derived from, a remotely sensed image. 

The entire complexity of the processes that a human interpreter utilizes to produce a landscape classification cannot be reproduced by artificial means (at this time).

The program to be written, however will attempt to use the same basis steps:

To take in as many of the landscape features as feasible and through deductive reasoning / programming trying to establish the presence of characteristics that indicate the correct landform.

The concept of a program is very important in achieving the set goals, however when using a computer one must utilize its strengths.

One of the driving forces behind the algorithms to be written is the availability of data. Data abundance is a cause and a solution of getting a computer to do some of the work now done by hand. Shear volume of work to be done is often one of the first reasons to automate processes. In this case the presence of (hidden) information in the data is also the way that the computer can prove its worth.

The complexity of landscapes and its processes makes it difficult to teach a computer to be as good as a human interpreter, however the computer does have some advantages:

· Speed. A computer does not get tired, or bored. Useful when dealing with much data.

· Objectivity / uniformity. It does the same job every time. Useful with timeseries, and large projects.

· Multidimensionality. It does not know the difference between 1D, 3D and 10D. Useful when combining spatial information.

For these advantages to manifest themselves large amounts of data is required (much data, large projects, multiple dimentions). 

The improvement of programming techniques and programming strategies, of which this research is an example, bring the human- and computer methods closer together. 

This eliminates restrictions on both sides, resulting in overall improvement in reaching goals. For example: if methods converge computers can rely less on data and humans can grasp more dimensions. 

This research can be utilized as a tool for assistance in interpreting landscapes (detecting landslides). The results depend on the amount, quality and diversity of the images (data) that is available. And at the same time it uses methods designed to bring manual and automated methods closer together.

2.2 State of the art

Current GIS based classification techniques use the ‘spectral signature’ and other photographic characteristics (like texture) of an object class to find other objects that resemble known objects (Idelsohn, 1970; Mantovani et al, 1996). 

In these techniques object classes can be defined by user input (supervised), or mathematically extracted (unsupervised). Supervised classification requires the user to designate areas of the image that are known to belong to class, thus defining the signature and parameters of each class. The signature and parameters determination of each class in unsupervised classification uses techniques like (Jenks)natural breaks, quantile- or standard deviation- schemes. Classification techniques like maximum likelihood, nearest neighbor or class probability are then used to assign each rastercell into one of the classes. (ESRI, 1999)

This ‘spectral signature’ (as used in traditional methods) is one of the criteria used by the program to be written, and thus will be incorporated in this new method. 

There are several examples of research that tries to “build up” a landslide by combining and detecting processes and features associated with landslides. (van Westen, et al, 2003, Liu et al. 2004; Pauditš and Bednárik, 2002;) These projects concentrate on hazard mapping; to be able to predict the occurrence of (future) landslides by “reading” the landscape trough images and maps. Some of these projects make use of statistics and / or algorithms. The primary function of this kind of research is to predict. The research proposed in this paper has the primary function of detecting and interpretation.

Argialas and Tzotsos, 2004 have used object oriented image analyses (eCognition) to detect alluvial fans in satellite images. A mixture of supervised and unsupervised classification and Fuzzy Logic based decisions were used within the GIS environment to detect large alluvial fans within satellite and DEM images. 


The algorithms proposed in this paper will remove the analyses portion of the detection outside a GIS environment to be able to construct the algorithms following the programming concept as proposed in par. 2.1.

2.3 Landslide theory.

The program will concentrate on identifying the type of landslides that occur along a surface of rupture, or shear(plane). The diverse nature of features that classify as “landslide” make it necessary to impose this restriction. Mainly landslides of movement type “slide” have such a plane. Some of the criteria used to identify “slide” type landslides are also present in other types. For instance fissures occur not only in rotational slides, but also in rock- / earthfall. (Summerfield, 1991) Therefore the program to be written might not restrict itself entirely to the “slide” type, but the design will be oriented towards that type.

The criteria used in identifying landslides in this program can be subdivided into two groups. 

1. the causes of a landslide, 

2. the effects of a landslide on the landscape. 

The first group is concentrated in the exclusion / inclusion criteria that will subdivide the images into area’s that can or cannot contain landslides.

The second group will predominantly be used in the decision criteria that will identify objects as a landslide (see chap. 3. Method).

Landslide causing factors can generally be subdivided into thee categories:

1. Factors that increase shear stress. 

These processes include: removal of support (undercutting) (criterion i), addition of load, events (earthquake, explosion), uplift or tilting (slope angle (excl./incl. param.))

2. Factors that contribute to low strength.

These processes include: water saturation (partial criterion C), events (earthquake). 

3. Factors that reduce material strength.

These processes include: material changes, presence of faults/ fissures/ joints/ etc., and water saturation (partial criterion C), vegetation loss (criterion D).

(Turner, Shuster, 1996.)

In the inclusion / exclusion parameter (see 3. method) selection the program will attempt to discriminate between the hill slopes, and the valley floor, given the assumption that no (shear-plane) landslides occur in the valley floor (at least not initiate, they might extend into it). 

The DEM will be an essential information source for these criteria, but also the type of landuse (forest / agriculture), and nature of drainage (incision / no incision), could be used in improvement of the decision process.

The identification criteria (see 3. method) can include: 

A. Roughness. A landslide will (typically) have a rougher surface due to the deformation of soil and strata during movement. This will especially be the case with recent landslides, where erosional and soil forming processes have not yet had the chance to level the surface (McKean, Roering, 2004)

B. The presence of fissures. This would indicate that movement / deformation has taken place. The size and orientation of the fissures can be used to determine which part of a landslide they occupy. For instance transverse cracks can occur on the boundary between zone of depletion, and zone of accumulation. (Summerfield, 1991)

C. The presence of surface drainage. This is an indicator for stability (especially incised channels), and continuity of subsurface strata.

The drainage criterion has tree parts. First: mass movement can be triggered, or caused by water related processes like erosion and pore pressure. Second: deformation of the transported material will cause an increase of infiltration capacity trough cracks and fissures, and the interruption of strata. Third: mass movement can alter the pattern of surface drainage. 

D. The nature of vegetation. Active landslides can be too dynamic to sustain large plants. Also the removal of vegetation can reduce material strength.

E. Slope characteristics. The profile of a landslide can be typical. The presence of depletion- / accumulation zone, scarps, a toe, etc. can be identified in a hill profile with a landslide.

F. Contourline map. Such maps may show characteristic patterns for landslides. The movement of large amounts of material downslope will cause contourlines to shift. The landslide region will have contourlines that do not follow the general orientation of the contourlines of the hillslope around it.

G. Treelines. Vegetation can assume a characteristic pattern (around fissures). The altered distribution of light and/or nutrients can cause vegetation to assume patters around features of a landslide like fissures. 

H. Dimensions and shape. The narrowing, widening, length/width ratio’s, geometrical shape of an object can be indicative for a landslide. (Mantovani et al,1996) (Chang and Liu, 2004)

I. Downslope presence of a river or a road indicates the possibility of undercutting. (Chang and Liu, 2004)

3. Method

introduction

This research will attempt to classify objects from an image into classes. It will do this by first extracting objects, and subsequently testing those against several parameters (see par 2.2).

Expert knowledge (of landscape processes) is used to construct the program. The parameters used will be derived from a combination of expert knowledge (literature), and mathematical calculations. 

A sub goal is to minimize the need for input during implementation.
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The program will be structured as illustrated in figure1, and will be constructed using MATLAB.

3.1 I/O

Data input will consist of a series of remote sensing images. These are as diverse as possible, and can consist of: DEM, orthophoto, infrared satellite, topographic or other images (see par 3.4.1). The diversity of the images will dictate the range of criteria that can be used in the determination stage. During development a 1:10.000 scale geomorphologic map will serve as a validation map, and will not be used as input for the classification algorithms. 

All images are georeferenced, rastered and in ASCII format for loading into MATLAB.

The output will be in the form of a raster map but will represent objects (as in vectormaps). Each object will have an attribute value that corresponds with the objects certainty of being (part of a) landslide (see below).

3.2 Structure of the program.

3.2.1 exclusion / inclusion parameters.

The process starts with an initial remote sensing-image chosen for its representation of the exclusion / inclusion parameters. These are criteria that will differentiate between areas where it is possible for the feature of interest to occur, or not. The result is a boolean representation and has the function of reducing the number objects the program has to classify (see below). This boolean, combined with the input images will result in the “potential area”.

3.2.2 eCognition.

eCognition (www.definiens-imaging.com) is a software package that extracts homogenous objects from a pixel based image (raster). Stated differently: it extracts a coherent region (number of connecting pixels) out of the total image .

The software can be applied to any (input) raster image, separate or in combination.

The output usually consists of a vector file, but for the purpose of loading it into MATLAB, the vectormap will be rasterized, with a unique value for each recognized object.

Argialas and Tzotsos, 2004 have used eCognition to detect alluvial fans with satisfactory results. The level of segmentation is vital for the proper extraction of the desired objects. If necessary, several segmentation levels will be used as the eCognition output, to be used in the analyses algorithms. In this study the eCognition application will only be used to create the objects that will be analyzed using the MATLAB algorithms to be written in this research.

All objects recognized by eCognition that are situated within the potential area will be considered “potential objects”.

At this point in the program the scale of interest can be implemented. Objects too small or too big can be disregarded. This can be accomplished during the eCognition procedure, or by using a simple filter. 

The possibility to set the scale of interest is useful in the implementation of the program, but all objects will be considered during the development stage.

3.2.3 Decision criteria. 

Each of the potential objects will then be tested against the criteria stated in section 2.1. 

All criteria have 2 elements:

1. the physical feature to be tested for. (for example: presence of fissures)
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the probability of the feature to be present on a landslide. (for example: 80% of landslides have fissures)

Each object will be inspected to which degree it contains the physical feature of the criterion. For each criterion one or more input images are selected on which the feature is (thought to be) most distinctly detectable.

A criterion can produce one of several types of responses. It could give a boolean response (Y/N), a class response (A,B,C) or a value (23.3).

Discriminant analysis will be used to determine the response in those criteria that are suitable for this type of analysis.

Criteria can be combined with each other to increase probability. (see textbox 2.)

This section of the program will result in a table that contains the response of every object to each criterion.

3.2.4 Decision time

All the probabilities must now be combined into a single decision and probability for each object, using discriminant analysis.
Subsequently all objects with probability > X (say >80%) can be displayed on a map, which will be the final step.

3.3 Criteria and parameters

Each decision criteria is a little sub program (function) which uses input, procedures, parameters and output. For example: the function “slope” at particular part in the map can be calculated from the height and distance differences between two pixels of a Digital Elevation Model (DEM). 

This is an simple example but when using more elaborate criteria functions, the code required and methods used can be extensive and / or diverse. These sections of the program are specific and must be written specifically to detect the feature of interest.

The parameters used in the calculations, decisions and certainties have a base in reality and can (usually) be given an initial value by expert knowledge (acquired trough literature). However it is very likely that some form of parameter optimization will be required within the criteria subfunctions, and perhaps in the main program as well.

Construction, implementation, parameterization, etc. of the criteria can be made as complicated or as simple as desired.

Implementation of the criteria is modular. The main program will hopefully start producing meaningful results with the first couple of criteria modules in place. Further refinement and implementation of other criteria-modules will most likely improve upon the result (and probability) up to a point. It is also likely that at a certain point the growing complexity if the program will cause results to deteriorate. Also calculation time will be considered as the program is working with a lot of data due to the nature of the raster format of I /O. 

3.4 Landslide detection
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3.4.1 Location / data.

In the Montafon region in Austria a section of 7.5 km2 was selected. Main criteria for this location were the availability of remote sensing data, geomorphologic map and the presence of landslides. The actual location has little relevance. During initial stages of the program development artificial data will be utilized.

Data availability (at this time):

25m DEM

1m Lidar DEM (partial) 2002

Infrared air photos 1994

Panchromatic orthophoto 1987

Ikonos  (panchromatic and infrared)

Topographic map 1:25.000

Landsat TM and MSS (low resolution) multispectral

Several vector files (drainage, structures.enz) (low object density)

1:10.000 geomorphological map (Seijmonsbergen, 1996).


4. Schedule.

	Month
	Week
	Task

	January 
	Week 1 and 2
	Finish research proposal

	
	Week 3 and 4
	Algorithm design (on paper)

	February 
	Week 5 and 6
	Data preparation

	
	Week 7
	Main program structure

	March 
	Week 8 and 9
	Inclusion / exclusion parameter algorithms

	
	Week 10 
	Report (in. / ex. param.)

	April 
	Week 11 - 17
	Criteria algorithms

	May
	Week 18 and 19
	Report (criteria)

	June 
	Week 20 - 28
	Report (general)

	July 
	Week 29 and 30
	Delays
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Figure1. Schematic representation of program.





Figure 2. Preliminary schematic representation of program for landslide detection. (with fictional parameters).


Orange= input image.


Green = main program thread.





Figure3. Ikonos panchromatic image.





Discriminant analysis is a technique for classifying a set of observations into predefined classes.


(www.resample.com/xlminer/help/DA/da_intro.htm)





It uses the mean and covariance of the members in the predefined classes and a chosen distribution to determine the probability of the observation being a member of the class. The highest probability will determine the class of the observation.


(Loon, Shamoun, 2004)











For example: the absence of large vegetation (trees) can be an indicator for a landslide. However, there are many more reasons why there could be an absence of large vegetation. The response to this criterion will therefore be positive (Y/n) but with low probability (60%). 


The same holds for the presence of surface drainage. The absence of surface drainage could indicate a landslide (Y/n), but water could also be retained by forest vegetation. Therefore a low probability (60%).


However these 2 combined: no surface drainage AND no large vegetation could indicate the presence of a landslide (Y/n) with a far higher probability (80%).


	


Both criteria are indicators, but combined they produce a higher probability, and thus a better indicator.





Textbox 1. Discriminant analysis





Textbox 2. Fictional example.
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