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Introduction


In the biology curriculum, species classification and identification are two important topics to help students understand ecology and evolution. Classification is the process of defining and naming classes of organisms based upon the similarity of their attributes, while identification is the process of assigning a specimen to a pre-defined class.  Both classification and identification are based on comparative descriptions which are framed in terms of a list of characters.  Each character is a set of states that distinguish amongst the organisms.  The number of states may be discrete (e.g., number of antennae) or continuous (e.g., width of head). A series of characters with specified state values are organized as identification rules, also called the diagnostic keys, which have been in use for more than 200 years.  In practice the use of diagnostic keys often requires that the users fully understand both the species characteristics and state values.  It is usually a difficult and frustrating task for non-experts to use diagnostic keys. Traditional diagnostic keys are designed to mimic the thinking of professional taxonomists who can easily carry out the identifications because they are already familiar with the characteristics used in the keys.  

With an increasing use of computer technology, many traditional diagnostic keys have been digitized and are available online (e.g., BugBytes -http://ipmnet.org/ent3/bugbytes/ and Lichen Synoptic Key - http://ocid.nacse.org/lichenland/synopticKey/index.php).  Although a computer-based tool provides a more effective identification when used interactively, the information used for building the key system is still a text-based description.  Some identification web sites include an image hyperlink to each attribute so users can compare the description to a real image, but the core search engine is still based on text matching to a diagnostic key. The technology of image analysis and image pattern recognition has not been implemented to any computer-based biological identification.

The goal of this project is to develop an online biological identification system using a method based on signature pattern matching. A signature pattern is obtained by detecting the line edge from a rectangular box specified by the user who intends to identify a specimen. It is desirable and yet remains a challenge for querying image data by finding an object inside a target image.
Project Description


The most popular insect group is perhaps the butterflies and moths (Lepidoptera) because of their beautiful and stunning wing colors and patterns.  Lepidopteran wing patterns are not only elaborate but also very different from other animals that have color patterns on their bodies, such as birds and mammals.  The color patterns of those animals are formed either randomly or evenly and the positions often differ from individual to individual.  In Lepidoptera, the same spot or stripe appears in the same relative location for most individuals of that species.  Therefore the size, shape, color and position of Lepidopteran wing patterns are very useful attributes for identifying the correct species. In reality, many amateur butterfly or moth specialists can identify species simply by browsing through the images. Although we all know the phrase “A picture is worth a thousand words”, for computational sciences, it is still a challenge to search and to identify an object based on its image.

In this project, we propose to develop an online image processing and a pattern recognition tool for helping biology students identify Lepidoptera species.  Our system will provide a solution that can automatically detect a unique wing pattern in a databased image file.  This will be a web-based application and the web browser will be the user interface.  A user will upload digital images and use a stretchable rubber band crop tool over the image in order to define the signature pattern.  The cropped image will be treated as a query and sent to a Lepidoptera image database for a match to any species with a similar pattern.  The output will consist of an array of images which correspond to the location and scale of the pattern detected.  To find a specific signature in an image, two steps are required: First, we will develop a hidden semantic concept discovery method to address effective semantics-intensive image classification.  Each image in the database will be segmented to regions associated with homogenous color, texture, and shape features. A probabilistic model based on statistical-hidden-class assumptions of the image database will be developed to analyze semantic concepts hidden in the database. Second, we will use statistical correlation to compare a reference image that defines the signature pattern to test an image that may contain that particular signature. The resultant image is filled with the correlation coefficient data. The matrix in the resultant image with the highest value is the most probable location for its mark. 

The images for this project will be collected from two sources.  First, the Primary PI, Jeff Miller, has taken more than 1,000 images of butterfly and moth species mainly from Oregon and Costa Rica.  Second, we will ask permission to access several Lepidoptera image databases such as the collections of Daniel H Janzen, Professor of Conservation Biology at the University of Pennsylvania, (estimated 15,000 images of adult Lepidoptera) and the collections from the Insect Museum at Taiwan Forest Research Institute (estimated 5000 images). These images will be stored in the image database server hosted by College of Forestry at OSU.
Impact

The LepID web-based application will be designed to allow image data entry and retrieval through a web-browser interface. Such an approach facilitates Lepidoptera image collections and gives professional and amateur butterfly/moth specialists access to a common resource for specimen identification. The biological database of Lepidoptera will be incorporated as part of the image identification web project. This is especially crucial for biology students who seldom have a complete reference collection of authoritatively identified Lepidoptera specimens available for comparison/verification once the identification is made. Another benefit of using digital images for specimen identification is to avoid physically collecting individual organisms that often requires killing and preserving specimens. 
Innovation

The overall goal of this proposal is to promote new web-based applications for biological education.  Although web tools have only recently been used for educational purposes, there is clearly increasing interest in such an application of the web. The number of web sites related to butterfly and moth biology and identification is growing. However, most web sites present non-interactive contents.  The audiences can only passively receive knowledge from the web site and the site contents are only controlled and managed by the author. Rather than treating a website as a collection of static information, our objective is to build an interactive website to help biology students to learn Lepidopteran wing patterns and related evolutionary questions through the process of pattern match and comparisons. Using the web browser as the graphic interface, students can define signature patterns by using the image cropping tool on a digital image. The image search engine built in the web sever can quickly respond to a student’s query and display a list of species with the similar pattern. As far as we know, such image processing and pattern searching mechanisms have not been implemented using computer-aided biological identification tools.
Feasibility

Access to LepID will be free via the Internet. If users are interested in accessing the Lepidoptera images for publications or other purposes, a request form must be submitted to the PI’s.  If users wish to obtain our source codes to develop their own image programs, the source codes will be distributed with a software licensing agreement.  Requests will be submitted to the OSU Tech Transfer office.  TT would notify us to release the source codes.
Collaboration:
Our related project, BugBytes (http://ipmnet.org/bugbytesnorthamerica/), has been incorporated into the procedure to reflect the synergy of a new inter-site ecology education program, Teaching Ecological Complexity, and funded by National Science Foundation. Our collaborators include Dr. Marion Dresner (Portland State University) and Dr. Andy Moldenke (Oregon State University). BugBytes is a web-based insect identification system based on the matrix of characters rather than the typically used dichotomous key. Thousands of insect characters and taxonomy are stored in a relational database. The identification web page is created based on users’ interaction to the web page. Although BugBytes contains a great amount of insect data, it doesn’t have the ability to automatically compare a signature pattern to a large image database. LepID will be incorporated into the BugBytes project and server. An additional complementary system is being developed through an NSF-supported grant awarded to Tom Dietterich at Oregon State University.
Outcomes Assessment:

We will evaluate the technology of signature image searching for identification of Lepidoptera by assessing speed and accuracy of identifications performed by two types of individuals: one group will consist of people with no entomological background, and the other group will consist of people with an equivalent of two undergraduate college-level courses in entomology. Each group will contain at least 8 individuals. Each individual will first perform a series of identifications (n=10 species) using the most recent and best literature available, for instance a field guide. Then the same individuals will identify the same species using the signature image method. We will compare accuracy of the technology based identifications by assessing the conclusion upon the correct genus and the correct species. We will also assess the speed at which the identification was achieved. The technology is specifically meant to aid the non-specialist in rapid and accurate identifications so the test clientele will represent that audience.
Project Schedule 2008
(1) June: Create the project web site

(2) June-July: Create the Lepidoptera image database.

(3) August- October: Develop the server-side program for image processing in the C# programming language. Enter the digital images and related biological information to the database  
(4) November - December: Develop signature-pattern match functions for specimen identification
Project Schedule 2009
(5) January - April: Test web application programs, conduct outcomes assessment tests,  and write the report.
Budget

Programming or technical support:

$   1500
Materials and supplies: 



$     500
Hardware & software: 



$     500
Student assistance: 




$   1000

Faculty summer stipend - Luh: 


$   3000
Faculty summer stipend - Miller: 

$   3000
Project related travel: 




$     500

Access to networked resources: 

$         0

TOTAL: 






$10,000

