Objective 
Build an improved software application for extracting root demographic

data from minirhizotron images
Introduction
Demography is the study of population dynamics, i.e. the rates at which

 

individuals in a population are born, age and die.  It is the branch of 

statistics that insurance companies use to predict how long you are likely to live based on your various personal attributes: gender, lifestyle, medical history, etc.

In Dr. Wells’ lab, these same types of statistics are used to record and 

predict the population dynamics of plant roots. Information on when plant 

roots are born and how long they live is used by scientists to predict 
ecosystem responses to land disturbance and global climate change. Unfortunately, this type of information is currently very time-consuming for scientists to obtain.
To collect root demographic data, clear tubes called minirhizotrons are buried in the soil at a study site and allowed to remain in place for several months. Then, a technician uses a specialized video camera to record videotaped footage of thousands of roots that have grown up against the outer surfaces of the minirhizotrons. These videotapes are made every two weeks for a study period of at least two years.

In the lab, digital still images are created from the video footage, and an image analysis software package called RooTracker is used to collect data on the birth dates, lengths, diameters, colors and mortality dates of every root videotaped in the study (see Figs. 1 and 2)
This is where a problem arises: RooTracker software is poorly-designed and inefficient. It has no feature recognition capabilities and relies entirely on tedious, manual tracing of root lengths and diameters. It requires far too many “mouse-clicks” from the user and can generate significant mental fatigue and repetitive stress injuries. Finally, it does not provide researchers with final data in a readily useable format. 
Your job this semester will be to help build an improved application for extraction of demographic data from root images.  

Image 

To design an image analysis application for root demographic data, it will
Information
be helpful to know a little more about minirhizotrons and the kinds of 

images that are collected from them.

Minirhizotrons are clear tubes, 6 cm in diameter and anywhere from 0.5 to 

2 m in length. They are sealed at the bottom and have a removable cap on 

top. Each minirhizotron is marked with 1 to 3 vertical transects of 1.8 x 1.2 cm numbered windows (also called frames).  A close-up of part of a transect is shown in Fig. 3.

Minirhizotrons are buried in the soil, and plant roots grow up against their outer surface. Fig. 4 shows a picture of several minirhizotrons installed in an apple orchard – only their tops are visible. 
Fig. 5 shows the camera operator videotaping a minirhizotron using a miniaturized fiber optic camera on a long pole. The camera goes inside the uncapped minirhizotron and takes footage of roots that have grown against its outer surface.
When the camera operator is videotaping the minirhizotron, s/he holds the camera still for a second at each numbered window in order to obtain a clear image. Later, the lab technician will process the video footage and create a digitized still image of each window on each transect of every minirhizotron.  That is about 7200 images per sampling date, and the process is repeated every two weeks!
So what kinds of information are contained in a typical minirhizotron image? We’ll use the image below as an example. 
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This image contains 9 roots, which we have numbered so that you can easily pick them out. Information we would like to obtain from this image includes:

1. Have any new roots appeared in this window that were not here on the previous sampling date? (If so, today is their date of birth. These roots must be given a unique number so that we can continue to collect and store data about them in the future)


2. Have any of the roots that were present on the previous sampling date 

disappeared? (If so, today is their date of mortality. We must update their records to indicate that they died.)
3. What is the length, diameter and color of each root that we can see?

Clearly, to collect this information we will need to compare the current  image with the image of the same window on the previous sampling date. It is shown below: 
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As you can see, all the roots except root #1 were produced between the two sampling dates. Root # 1 also grew in length and bent downwards. 
Application
Ideally, the new application will function approximately as described
Functionality
below:
Data will be collected one sampling date at a time, one image at a time.
Each image will have a filename that contains information on the tube, transect, window and date (Ex: peach_21A_13_01 would be the filename from an image on tube 21, transect A, window 13 on the first sampling date of the peach experiment). The application will be able to read this information from the filename.

An image will be loaded and appear on the screen. Images from the sampling dates immediately before and after the current date will appear on either side of it. These images help the user to compare his/her decisions to those made by the application.
All new white roots will be automatically identified and assigned a unique number that will appear next to them on the screen. Their length and diameter will be automatically measured. A colored outline will appear around each root, indicating its length and diameter as determined by the application. 
These measurements can be tweaked by the user if s/he doesn’t agree with the computer’s decision. The user will also have the options of deleting objects the application thought were roots but were not -- and of adding any roots that the application missed.
All pre-existing roots will also be identified and labeled with their unique numbers (each root retains its unique number within a given window from one sampling date to the next). Their lengths and diameters will be recorded as above, and potentially adjusted by the operator. Also, their color will be detected: white, light brown, or dark brown. (Alternately, the user may assign these color codes in some way.)
Roots that appeared in the previous sampling date but disappeared on the current sampling date will be noted. Their number will still appear on screen, but it will be in a different color and have no tracing accompanying it.
The application will save and update information for all roots in an image prior to loading the next image. 
This process will be iterated on successive sampling dates and information will be added to a spreadsheet, readable in Excel, that resembles the sample spreadsheet attached.
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Fig. 2. A screen shot from the current image analysis program, RooTracker (Duke University Phytotron).


Fig. 3. Close-up view of a portion of a minirhizotron tube. Numbered windows measure 1.8 x 1.2 mm.


Fig. 4. Minirhizotrons in place beneath trellised apple trees at the Russell Larson Agricultural Experiment Center near State College, PA. Only the white caps of the minirhizotrons are visible above ground.

Fig. 5. Camera operator collecting videotaped footage from a minirhizotron in the field.
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Fig. 1. Flow chart illustrating the steps involved in installing, videotaping, and analyzing images from a minirhizotron experiment consisting of 60 tubes videotaped bi-weekly over two years. Inset shows a typical time series of minirhizotron images. 
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