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ABSTRACT

The implementation of web services applicable for orthophoto map processing is discussed in the paper. The aim of the processing is to detect some topographic objects. The processing is offered as a service conforming to Web Processing Service (WPS) specification. It means that client of this service can request three operations: GetCapabilities (to request service metadata), DescribeProcess (to request metadata about the designated process), and Execute (to run the designated process on the service). The implemented processing and classification techniques are hidden behind the Execute operation.
INTRODUCTION

Distributed GIS systems play the main role in the modern geoscience. These systems allow interoperability between multiple GIS organizations and systems. The interoperability means, among others, data sharing and processing regardless of the physical and logical placement. The solutions are provided in the form of GIS Networks, where the geographic data sets are compiled and managed as a generic information resource, and shared among a community of users according to the data exchange standards, [1].
The data processing in the GIS Networks might be implemented in the form of web services, [2,3]. When standardized, these services open an attractive direction toward improving knowledge sharing between users, and integration of distributed functionality in one complex process chain, amongst other aspects. To help achieve this goal several standards are published. The standards describing the details of geo-web services are provided mainly by the Open Geospatial Consortium, Inc. "OGC is a non-profit, international, voluntary consensus standards organization that is leading the development of standards for geospatial and location based services". These standards cover several subjects, such as: protocols specification, data format, implementation guidelines. Most of the data in GIS are vectors or raster images. In the OGC specification, raster data processing appears in the specification of the Web Coverage Services (WCS) or WPS. 

The aim of the processing discussed in this paper is to detect distinguished topographic objects in the orthophoto maps, by employing image processing and classification techniques, and present the results to the client. In short, an orthophoto or orthophotograph is an aerial photograph that has been geometrically corrected to reflect real area geometry with a great accuracy, and thus can be considered equivalent to a map. From a practical point of view the orthophoto map processing can be regarded as one of the image processing techniques. This processing could be offered as a web service conforming to WPS specification (WPS was originally named Geoprocessing Service, OGC document number 04-043). Such use of web services would allow to settle some intelligent image processing algorithms in a place reachable from the internet. When settled, the service could be broadly used by different users for: automatic land cover recognition, objects detection and classification in the orthophoto maps. All implemented image processing and classification techniques could be hidden behind service operations requested remotely. This idea is the main thread of this paper.

WEB PROCESSING SERVICES
WPS standard was established (the last version of the WPS standard published is 0.4.0) to provides client access to pre-programmed calculations and/or computation models. The WPS interface specifies three operations that can be requested by a client, with many similarities to the other OGC Web Services, including the: Web Map Service (WMS), Web Feature Service (WFS), and Web Coverage Service (WCS). These operations are: GetCapabilities (to request and receive back service metadata documents describing the abilities of the specific server implementation), DescribeProcess (to request and receive back detailed information about one or more process(es) that can be executed by an Execute operation, including the input parameters and formats, and the outputs), Execute (to run a specified process implemented by the WPS, using provided input parameter values and returning the outputs produced). 

The formal documentation of the WPS standard does not indicate any specific data required or output by the WPS. Instead, it proposes a generic mechanism to describe the data inputs required and produced by a process (this data: can be delivered across the network, or be made available at the server; can include image data formats such as GeoTIFF, or data exchange standards such as Geography Markup Language (GML) or Geolinked Data Access Service (GDAS)). But the documentation also provides a description of additional features for chaining processes, data pulling via URL-references and long-term transactions (business logic for geoprocessing is discussed in [4]).

In WPS all the client-service communication is based on HTTP and XML. Hence the encodings used in WPS are: KVP (key-value pair) for HTTP GET; and KVP or Extensible Markup Language (XML) supported with schema definitions (files written in XML Schema Definition language) for HTTP POST. In the OGC documents one can read that "encoding for other specific computing platforms, including SOAP/WSDL, can be also considered", but there is no more information on that subject.
SERVICE IMPLEMENTATION PROPOSED
The problems with service implementation comes from the fact, that orthophoto maps are huge rasters usually. The simple client-service communication assume three request calls and answers (see the sequence diagram in the Figure 1). But this kind of communication is inappropriate when data transferred are complex (are huge rasters).  
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Figure 1: Simple client-service communication.
Therefore OGC suggests a more advanced client-service dialog scheme in this case. In this scheme a client submits to the WPS an information about places, where it stores its own data (the parameters of Execute are URLs). On the other hand, the WPS answers from where the client can download the results produced. The scheme contains a notification mechanism by which the service informs the client about the current processing stage (see Figure 2). To set up this kind of communication the client can send to the service the store and status parameters, in addition to the set of required parameters (service, request, version, Identifier), and optional parameters (DataInputs, OutputDefinitions). store specifies whether all complex valued output(s) of the invoked process should be stored by the process as web-accessible resources. status specifies whether the Execute operation response should be returned quickly with status information.
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Figure 2: Advanced client-service communication when requesting Execute operation.

Our implementation of WPS at the current stage supports the simple communication scheme only. But in the near feature we are going to provide a more advanced solution, with a possibility of data storing and acquiring trough HTTP and FTP protocols, using additional data servers cooperating with the WPS. In the implemented simple communication scheme a client acquires the capabilities of the service sending a standard request:
	GET http://mojserwer.pl:9090?Request=GetCapabilities&Service=WPS


where mojserver.pl should be the IP address of the WPS service.

The service provides several processes (algorithms) that can be applied to the orthophoto map. These algorithms operate on raster images and produce raster images as output (the details of algorithms implemented can be found in [5, 6]). Therefore the Execute operation accepts data as encoded GeoTIFF images, and the results of processing are likewise provided as encoded GeoTIFF images. The service was implemented in the C# language. Clients can obtain the details of the implemented processes by issuing one of the following alternative queries:
	GET http://mojserwer.pl:9090?Request=DescribeProcess&Service=WPS
&Identifier="krawedziowanie"




or 
	POST <?xml version="1.0" encoding="UTF-8"?>

    <DescribeProcess service="WPS" version="0.4.0"

    xmlns="http://www.opengeospatial.net/wps"

    xmlns:ows="http://www.opengeospatial.net/ows"

    xmlns:xlink="http://www.w3.org/1999/xlink"        xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"        xsi:schemaLocation="http://www.opengeospatial.net/wps

..\wpsDescribeProcess.xsd">

       <ows:Identifier>krawedziowanie</ows:Identifier>

     </DescribeProcess>




where krawedziowanie is the name of the process (algorithm) used.
ORTHOPHOTO MAP PROCESSING
Topographic object detection and recognition in the orthophoto maps is not an easy task. Definition of land cover classes used in the topographical maps reflects the character of their use or the role they are playing. The difficulties arise from the fact that objects of the same class may have different colors, and objects from different classes may have the same color. Moreover, the observed surfaces of objects may vary in size, shape and covering pattern. For these reasons image processing algorithms based on single pixel processing are not applicable. It is necessary to consider, in addition to the single pixel color, contextual information related to the texture and local statistics. 

In our earlier work, [5, 6], we discussed a successful approach to that problem. In the solution proposed there, feed-forward artificial neural networks were trained as single class classifiers capable of recognizing different classes of land cover, including building, fields, forest, trees, etc. During the training and testing phase the networks were fed data corresponding to the actual position of a square mask moving over the image processed. Thus contextual information appeared indirectly in the training patterns with which the neural networks were fed during training. The architecture of a particular network was dictated by the kind of image processing applied (see Figure 3). The number of units in the networks input layer varied according to the method applied. There were two hidden layers in the networks, with 9 units for each layer. Because networks were trained to recognize only one class, the output layer contained only one output unit. 

The use of teacher trained artificial neural networks was the key element in the solution described above. Processing based on them was also employed behind the Execute operation offered by our WPS implementation.
	a)
	b)

	[image: image3.png]



	[image: image4.png]





Figure 3: Processing scheme with the use of artificial neural networks: a) processing with a mask moving over color image; b) processing using colors of a single pixel supported with a texture features computed within an area covered by a mask moving over gray image.
EXPERIMENTS
Before being employed in the WPS, the artificial neural networks were trained with the RProp (Resilient Propagation) learning algorithm. The training pattern, consisting of a set of prepared input and expected output values, was created in the following way. At first an original training image was classified by an expert. The resulting image contained regions marked with labels corresponding to the classes assigned. Then a set of reference binary images was created by regions with the same label separation. The number of images was equal to the number of distinguished classes. Next, for each considered position (for each pixel) in the original image, the set of input values was computed according to the method applied. The set of output values consisted of a single binary value indicating whether the pixel of interest should be assigned to the particular class or not. This information was taken from the corresponding reference image.
After the training phase the artificial neural networks were employed in our WPS implementation. This was done so, that with each of the implemented processes there was a list of trained neural networks assigned. The orthophoto maps were encoded and provided to the service by the clients in the Execute procedure call. On the service side the incoming maps were first decoded and then processed by the appropriate set of neural networks.

The resulting images were provided back to clients as a WPS answer to the processing query. Some results of processing performed can be seen in the Figure 4.
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Figure 4: Results of 1m resolution raster images processing done with the use of artificial neural networks for the masks sizes 2525 and 1515.
CONCLUSIONS
Our preliminary implementation of WPS service has succeed. The service is devoted to orthophoto map processing. The results of this processing are available as orthophoto maps with distinguished topographical objects. The method of processing was tested on such classes as: forests, fields, trees, buildings. The Execute operation, requested on the service by clients, starts the processing routine on the service side. The routine makes use of trained artificial neural networks stored on the service side. The quality of processing output depends on the applied neural networks architecture and training (this subject was out of the scope of the paper). 
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