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Introduction
General
Nature environments images can be very complex. It can also be very simple, for example, an image on green grass at the bottom and above it blue sky.

The environment that we deal with is trees in a vineyard. Usually the image contains a single tree in the vineyard. As you can imagine this specifically environment is very complex, which contains many different elements. For example: stem, leaves, stones, grass, twigs and of course, grapes in clusters.
Our main goal is to identify grapes clusters in the image, by returning a new binary image. Each pixel in this image will correspond to the original image, and will have a true value whether it is a part of grape or false otherwise.

Ideas
When we try to figure what is the most unique character of grapes, which is not common to other components in the image, we can notice that grapes own a rounded perimeter. Therefore, after we detect edges in the image, we can look for pixels that are surrounded by edge pixels with a fixed distance (radius). These pixels will be marked as a center of a potential circle.
However, there is a problem when applying this method on the vineyard complex environment. There are many reasons for circle edge pattern appearance. Here are some them:
a. round stones

b. round crack in the tree's stem

c. isolated light dots

d. small round leafs

e. area with large density of edges

Thus, we need to find a filter, which roughly determine which area in the image might contain grapes. In this way, we can apply the first mentioned method on the suspect areas. Our filter has two main elements:

1. 
Filtering pixels with high brightness

2.
Filtering the areas with a threshold of average gradient magnitude of the area. The threshold is determined by statistic analysis of grapes images.

Finally, all we need to do is to "paint" around the pixels that are marked as circle center by the radius that corresponds to each pixel.
Edge Detection
After trying several methods of edge detection, (Sobel, Prewitt, Canny, log, Roberts etc.) we came to conclusion that the most successful one is Canny's. That's especially because canny applies hysetresis on the edges, what makes round shapes sharper and recognizable.
In the nature of things, for Canny's edge detector to be accurate as possible, it should receive the most appropriate thresholds. As mentioned above, the vineyard environment is very complex and noisy. Further more, each image may have dark and bright regions. Therefore, choosing good threshold for a dark region may ruin our attempts to detect edges in bright regions and vice versa.
We decided to overcome that problem by applying Canny's edge detector on windows with a fixed size separately, with no special thresholds. Then we joined all the windows to one matrix. Apparently this method yields better results as shown here:
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From looking at several edge maps we can concluded that areas of grapes clusters are not characterized with high density of edge elements. On the other hand, the noisy areas of twigs and leafs has a greater density of edge elements. Therefore we decided to factor out areas with high density of edge elements.
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Partial Circle Identification
After getting edge elements we can scan the edge map for partial circles. Our method is to check whether a pixel is a center of a partial circle. 
The pseudo-code of the pixel p checking is:

1. radiuses ( vector of fixed radius (in this case 7:1:15)

2. sum ( vector at the size 1x length(radiuses)

3. sum(i) ( sum of the pixels with distance radiuses(i) from p
4. avgs ( vector at the size 1x length(radiuses)

5. avgs(i) ( sum(i)/6/radiuses(i)

6. maxAvg, maxAvgIndex ( max(avgs)

7. if maxAvg > fixedRatio then  mark p as a center with the corresponding radius : radiuses(maxAvgIndex)

We can see the results when looking for partial circle in the next image:
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Of course, in vineyard grapes covered with other grapes. That's why we need to look for partial circles. On this project, after observing the grapes clusters we decided to look for centers of at least circles' quarters.


Because the grapes center doesn't contain big color changing the center of the grapes at most cases doesn't classified as an edge. Thus, we apply the method of partial circle identification on non-edge pixels, which improves the method's run-time.
Here we can see the application of the method on the image in Fig 1.1:
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We can see that many of the pixels, that has been diagnosed as centers of partial circles are actually causes of noisy areas and other circles pattern in vineyard. Here are the results after cleaning dots that reside in areas with very high density of edge elements:

We can see that after all there are a lot of false centers in the output image. To get more accurate results we understood we need to find some rough filter that will imply in which areas in image there might be grapes clusters. Then we can apply the method only on the pixels that are in these areas.
Rough Filter for Grapes Clusters Area
Observing the gradient magnitude of vineyard images we came to conclusion that grapes clusters have relatively a low one. It derives from the high density the grapes are ordered with. The high density creates thin and small edges and by that a small magnitude as we can see in this example:
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We decided to perform a statistic analysis of the average gradient magnitude in the grapes clusters regions. We gathered grapes only images to several large images and measured the average of gradient magnitude in every one of those images. We found that the average magnitude of lighted grapes is approximately at the size of 8.5, and of dark grapes is 5.
Here you can see the filtered image, which correspond to the image above:
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We decided it would be a mistake to clean isolated positive areas and negate negative areas which are surrounded by positive areas because the grapes clusters has a variant of sizes and shapes that seem to collide with this kind of method.
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Now all we need to do is to look for centers only in the filtered areas. After getting the centers we color around the center by their corresponding radius.
Conclusion
In our research on identifying grapes in a vineyard tree image, we chose in morphologic analysis of the image's edge map, in order to achieve our goal. First we tried to maximize the accuracy of the edge detector by applying it on smaller images. Then we tried to retrieve information about partial circles.

In order to achieve better results we've constructed a filter based on average gradient-magnitude that will trace areas with high probability of being grapes clusters areas. Combining these two methods yielded our grape detector.

Improvement Suggestions

A stronger filter might be a texture filter. Grapes clusters have a very unique texture which is not common to any of the other components in vineyard environment. Applying this kind of filter can easily discard twigs and leafs, which are the main noisy elements in the vineyard images. Even a whole grapes detector can be based on texture segmentation.
Another special character of the grapes clusters is their approximately triangular shape. By designing triangular detection for the vineyard environment, the grapes identification might be achieved.

The grapes clusters hung on branches. The brunches are more or less liner. After detecting the branches we can look for grapes clusters only on areas that close to the branches. This could be a rough filter instead the gradient magnitude filter.
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Fig. 1.1 - Original Picture





Fig 1.2 - Canny's results with no window partitioning





Fig 1.3 - Canny's results with window 100x100 partitioning
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Fig. 2.1
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Fig. 3.1 - Original Image





Fig. 3.2 - Gradient Magnitude





Fig 3.3 – Rough Filtering





Fig 3.4 – Final Results
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