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Introduction  During this project, I tested a color recognition imaging software program called VegMeasure, which was developed by Dr. Douglas Johnson at Oregon State University, to estimate percent cover of important native rare and common plant species associated with the Fender’s blue butterfly at a Benton County site, Oregon.  During June, 2011, eight large sample quadrats measuring between 30-48 m2 and four small 2m x 2m quadrats were photographed from a height of 5-6 meters and analyzed using VegMeasure to investigate the feasibility of estimating cover of Kincaid’s lupine, nectar plants, and other vegetation using this program. The estimates were compared to ocular cover estimates performed by the Institute for Applied Ecology, as part of Benton County’s Prairie Baseline Inventory Report 2011, for the Benton County Habitat Conservation Plan. Aerial and ground data collecting were performed during the same time period.

Methods   I used a Canon digital single-lens reflex camera (Rebel Xsi) with an EF-S18-55 mm, f3.5-5.6 IS lens set at the 18mm wide angle setting.  I used a fiberglass adjustable pole with the camera mounted at the top and angled so that the camera pointed approximately straight down when the pole was tilted slightly inward towards the plot.  The pole was tilted inward so the person holding the pole did not have their feet/legs in the photo. 

A remote control computer program was used to acquire live view of the image and to trigger the shutter. Several photos were taken of each quadrat in order to capture the entire area (21 total photos were taken). Each quadrat was labeled with a pin flag with a unique number so photos could be matched to the cover data recorded by the ground crew. A photo that had high cover value for the species of interest such as K. lupine, strawberry, or litter (and therefore had the full range of color variability) was processed by VegMeasure and used as a template to generate a color algorithm. This algorithm program was then used to process all the remaining quadrat photos to attain percent cover values. 

Results and Discussion     Six of the eight large quadrats were analyzed by VegMeasure. Two of the quadrats could not be analyzed (#1 and #4) because the photos proved inadequate and over-toping vegetation hid the lupine.  For the large quadrats that were analyzed, the percent cover of K. lupine recorded by field biologists ranged from 5.1% and 28.4% and the cover values based on VegMeasure analysis ranged from 3.9% and 25.5% (Table 1).  Difference in cover estimates between the two methods ranged from +18% to -24%. Table 1. Summary cover data for six of the eight large quadrats that were photographed and where biologists recorded percent cover for K. lupine. 


The small 2m x 2m quadrats were more challenging for VegMeasure to analyze because there were too many species with a green color signature which led to color overlap, where most species had very small differences in cover values.  Unique color signatures could not be attained for species in these quadrats and therefore they could not be analyzed by VegMeasure.

VegMeasure did a relatively good job of recognizing the leaves of K. lupine when the background vegetation was of a different hue of green (Figure 1) or a different color all together, such as white of the oxeye daisy flower (Figure 2). However, when the background vegetation had a similar color or was taller than K. lupine then cover estimates were less accurate (Figure 3). VegMeasure, being strictly a color recognition image analysis program, had difficulty analyzing and estimating percent cover of K. lupine for a variety of reasons which included: 
1. Background or surrounding vegetation had a similar color signature (color overlap) with K. lupine or the target species (examples include strawberry, bracken and deer fern). This led to an over or under estimation of cover (Table 1; Figure 3)  
2. Over-story vegetation (e.g. grasses and ferns) blocked the view of the K. lupine or the target species thus interfering with the image analysis (Figure 4). 
3. Variability in the color signature of the target species. Some K. lupine plants were a grey-green while others were a dark or light green color. This variability meant that a larger spectrum of green had to be used to identify K. lupine which increased color overlap.  The tighter the color signature of a plant species the better VegMeasure can work to identify the target species and estimate cover.  

Since false brome is present at the county site and it has a unique color (lime green) I wanted to see how well VegMeasure could distinguish this species (Figure 5). I processed an image with false brome and found that VegMeasure did okay at picking it out among other grasses and vegetation.  However there was still green color overlap with other light green grasses (e.g. tall fescue) that were growing during June.  The best time to take photos of false brome and analyze with VegMeasure would probably be in the fall or winter when most other grasses are dormant. This would not be the case if there was an abundance of tall fescue which generally stays green all year and has a similar color signature. 

I analyzed photos with strawberry, which is quite abundant at the county site, and soil/litter and found that VegMeasure was able to distinguish these objects fairly well. Although strawberry had color overlap with some grasses (Figure 5).  

Although there are some limitations with VegMeasure analyzing and producing accurate cover estimates for some species, there are still applications/situations where this type of survey/monitoring methodology can work quite effectively and save money and staff or crew effort at the same time.

1. [bookmark: _GoBack]To be most effective, photos need to be taken when there is maximum color contrast between the species you are trying to get cover data for and the background vegetation. For the Kincaid’s Lupine cover project there was not enough contrast between the lupine and background vegetation. There was green color overlap between lupine and some of the other vegetation, namely: bracken fern, strawberry, and some grasses. In practical terms the number of species or vegetation types that can be analyzed for cover within a particular area is probably less than five. 
2. To be most effective, photos of the target species needs to be taken before other vegetation overtops the target species. For this project it would have been better to take photos of the lupine earlier in the season before the grasses and bracken fern and other vegetation grew too tall. Estimating cover of vegetation early in the season before plants are mature can be problematic if you are looking to estimate absolute cover. To reduce the error associated with sampling too early in the season ocular cover estimates of vegetation could be taken at peak growth in a number of random sample plots (which would take into account different soil, moisture, and competition conditions). This sample data could then be used to generate an equation or ratio that could be applied to the cover data taken early in the season. If the objective is to look at change in percent cover over time for management reasons, taking photos early in the season shouldn’t be a problem as long as the photos and cover estimates are done during the same phenological time period every year.
3. VegMeasure is a great tool for larger scale landscape projects where there is a need to get cover values for vegetation types/layers such woody vegetation vs. herbaceous, or deciduous vs. conifer,  or cover of a particular weed that has very apparent flowers (e.g. Scot’s broom, purple loosestrife, oxeye daisy: Figure 6-10). Another use for VegMeasure is analyzing the area of land that was effectively burned during a prescribed fire (Figure 11). The percent cover attained in this manner is a comparative or relative number (and different from ocular cover using crews) which can be used to evaluate changes in vegetation over time due to succession or restoration and management activities. It can also be used to locate weeds (such as Scot’s broom) which can save crew time locating patches of a weed.  The parameters/ algorithms within the program are saved and are used again to evaluate the change in percent cover of the post-treatment photos. For this methodology to work it requires that photos be taken: 
a. at the same tilt angle
b. during similar phenology time periods each year
c. during times of the year when there is above average color contrast between the vegetation types that are being measured


Future work   Before this technology can be broadly applied and published, additional research and testing will need to be undertaken. For example, to better evaluate the accuracy of VegMeasure cover analysis for large scale projects using oblique and fisheye photography, ground truthing or field data collection will need to be completed. I plan to work with Dr. Johnson’s post-doc (Dr. Stephen Koghan Ndzeidze) in the near future to do the necessary ground truthing to estimate error rates. I also plan on using a camera that can take near-infrared photos to see if the additional spectra can provide more accurate cover analysis.  Testing other image analysis programs that evaluate/distinguish objects based on texture and shape as well as color might prove to be effective, especially for smaller scale projects. 

I just recently acquired the ability to remotely see live-view when taking aerial photos and remotely move (tilt and pan) and trigger the shutter. I have also acquired a larger helium balloon that allows me to lift a DSLR camera. These additional capabilities will allow me to fine tune my photography skills and increase the resolution of photos. 




 







           Kincaid’s lupine in the original photo
Kincaid’s lupine depicted in yellow after image processing

            Kincaid’s lupine in the original photo
Kincaid’s lupine depicted in yellow after image processing

Figure 1.  Two examples where VegMeasure did a relatively good job of recognizing the green leaves of K. lupine. Notice the purple flowers are black circles in the processed image. Also notice the flecks of yellow within the black background that the imaging program has mistakenly identified as K. lupine because the vegetation has a similar color signature as K. lupine. 




         
         


             Figure 2.  VegMeasure analysis of a plot with Kincaid’s lupine present that also had oxeye daisy.  These two species have good color contrast and VegMeasure did a relatively good job of recognizing the green leaves of K. lupine and the white flowers of daisy. But you can see there is green color overlap between the lupine and grasses.


K. lupine and daisy in the original photo
K. lupine depicted in yellow and daisy in white after image processing 





            Bracken fern depicted in yellow after image processing (mimicking the color signature of K. lupine)

Bracken fern in the original photo

Figure 3.  VegMeasure analysis of a plot with Kincaid’s lupine present that also had bracken fern.  Bracken fern has a similar color signature as K. lupine and therefore was mistakenly coded and included in the cover analysis as K. lupine.  



           Figure 4.  VegMeasure analysis of Kincaid’s lupine where there is over-story vegetation (grasses) interfering with image analysis. Notice the black streaks (grass stems) going through the yellow in the processed image. 

Kincaid’s lupine depicted in yellow after image processing
Kincaid’s lupine in the original photo

           



                    original photo
VegMeasure photo
original photo
VegMeasure photo
1a
1b
2a
2b

Figure 5.  VegMeasure analysis of a plot (1b) with strawberry (green) and false brome (yellow) and a plot (2b) with strawberry (green) and litter/soil (brown).  The color black in the processed photos indicate unclassified cover (species that were not analyzed in VegMeasure). 


                               
           






   

                                           	Using aerial photos to locate and estimate areas where large stature weeds occur such as Scot’s broom, can reduce crew search time and prepare a crew for how long it will take to cut and remove patches of weeds. 
Figure 6.  The top photo shows where Scot’s broom is located within the landscape at Bald Hill Park. VegMeasure analysis (2 lower photos) of the area with Scot’s broom. VegMeasure did a good job of recognizing the yellow flowers of Scot’s broom and the prairie (green) habitat.  Scot’s broom flower cover was 16% and prairie cover was 84%. The color black in the processed photos indicate unclassified cover (species not analyzed in VegMeasure, which was mostly trees).






                                   Figure 7.  VegMeasure analysis of an area within the County site (red box) with Oxeye daisy present.  VegMeasure did a good job of recognizing and distinguishing the white flowers of daisy and the prairie (green) habitat.  Oxeye daisy flower cover was 14% and prairie cover was 72%. The color black in the processed photos indicate unclassified cover, e.g. shadows, shrubs/ trees (not in the photo), and areas that fall between prairie and daisy. 






                                         Figure 8.  Pre and post-treatment photos of a wetland prairie that is being restored to a more functional ecosystem. Most of the woody vegetation was removed as illustrated in the bottom photo. 
Pre-treatment photo taken on 8/19/11
Post-treatment photo taken on 10/24/11


       

            Figure 10. Estimated percent cover of woody vegetation is 16% and herbaceous vegetation cover is 81% within the wetland project area (old burn piles and shadows equals 3 % cover). Woody vegetation has been reduced by approximately 74%.
Post-treatment VegMeasure output photo (green is woody veg., tan is herbaceous veg., black is old burn piles and some shadows)
Post-treatment oblique aerial photo of the wetland project area with treated area delineated for analysis in VegMeasure 
Figure 9. Estimated percent cover of woody vegetation is 61% and herbaceous vegetation cover is 33% within the wetland project area (burn piles and shadows equals 6 % cover). 
Pre-treatment VegMeasure output photo (green is woody veg., tan is herbaceous veg., black is old burn piles and some shadows)



  A vertical aerial photo of the west burn unit at Lupine Meadows that has been delineated so it can be analyzed in VegMeasure 
VegMeasure output photo (Tan is unburned, grey is lightly burned, and black is heavily burned. 
Greenbelt Land Trust Lupine Meadows site where a prescribed burn occurred in October 2011. This photo was taken with an 8mm fisheye lens at a ~100 foot altitude using a helium balloon.  Fisheye distortion was reduced using a sophisticated imaging program. 

Figure 11.  Estimated percent cover of area that was unburned at Lupine meadows is 38%, lightly burned is 45%, and heavily burned is 15% and unclassified is 2%. In summary, approximately 60% of the west burn unit showed some level of having been burned. 
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