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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:
Development of a quality and maintenance control system using RGB image analysis

for slope revegetation by seeding works with herbaceous plants

Name: MASAMOTO Takuya

The recent trend of increase in heavy rainfall has resulted in damage to road embankments due to water overflowing from
channel network. To mitigate this kind of damage, slope revegetation by seeding works with herbaceous plants is widely
employed owing to its environmental friendliness and cost effectiveness. The Percentage of Vegetative Cover (PVC), the ratio
of the vertical projected area of vegetation to total ground area, is an indicator of the quality evaluation of the seeding works.
However, the PVC is usually measured manually through visual inspection. Therefore, the measurement results of the same
subject might not be constant, especially when measured by different inspectors. To overcome this situation, this study
proposes the use of RGB image analysis technique.

The objective of this study is to develop a quality and maintenance control system using RGB image analysis for slope
revegetation by seeding works with herbaceous plants.

This dissertation has following 6 chapters.
In chapter 1, the background and the objective of this study was clarified.

In chapter 2, the role of the slope protection by seeding works with herbaceous plants for entire road embankment structure
was summarized and the challenges of its current maintenance system to be resolved were clarified. Specifically, the seeding
works are crucial for maintaining the standard gradient of the embankment to keep its stability. However, the PVC, an
indicator of the quality evaluation of the seeding works, is usually measure manually. In addition, the quantitative relationship
between the PVC and the sediment erosion from slope is not currently reflected in the design and maintenance method of road
embankment.

In chapter 3, calculation methods to measure the PVC by image analysis techniques were organized based on previous
studies, and issues need to be addressed for the inspection of slope revegetation with herbaceous plants were summarized.
Specifically, the camera settings to minimize variations in the PVC measurement results and the impacts of natural sunlight
were investigated using a consumer grade digital camera.

Following three conclusions were obtained in this chapter.

3-1) The camera set as minimum ISO with fixed white balance was preferable to measure the PVC when the equipment
has program automatic exposure.

3-2)  Four vegetation indices, namely, ExG, NGRDI, MGRVI and RGBVI were introduced to measure the PVC. the
range of variation in the PVC measurement results with EXG was narrower than that with the other vegetation
indices. Therefore, EXG was adopted as the optimum vegetation index for measuring the PVC in this study.

3-3) The variations in the PVC measurement results with ExG was found to be approximately + 8 ~ 10% (95%
prediction intervals) under varying natural sunlight conditions, including different solar altitude and/or weather.



In chapter 4, laboratory flume experiments were conducted to investigate the capability of the PVC obtained by the
measuring method described in chapter 3 to predict decrease in the sediment erosion from a slope due to herbaceous plants
(hereafter, “slope protection effect”). The experiments were caried out with two types of soil samples, repeatedly used soil and
not-repeatedly used soil.

Following three conclusions were obtained in this chapter.

4-1)

4-2)

4-3)

Regardless of the types of soil samples, significant regression equations were obtained, which is indicating that
the sediment erosion decreased as the PVC increased. This suggests that the PVC measured by the method of this
study is available to explain the slope protection effect by herbaceous plants

In the experiments conducted using soil samples that were repeatedly used, it was found that the rates of
variability between the PVC and the relative soil loss, soil loss of vegetative soil samples under certain PVC
compared to that of bare soil, were similar. Therefore, the slope protection effect due to herbaceous plants could
equally exerted on both fine fraction and coarse fraction. However, soil samples might be influenced of soil
particle fragmentation due to repeated use of the soil.

In the experiments conducted using soil samples that were not repeatedly used, based on the absence of any
influence from soil particle fragmentation, more comprehensive examination for the detached soil particles was
carried out. Consequently, it was found that the slope protection effect due to herbaceous plants could equally
exerted on each geomaterials (medium gravel, fine gravel, coarse sand, medium sand, fine sand).

In chapter 5, a quality and maintenance control system using RGB image analysis for slope revegetation by seeding works
with herbaceous plants was proposed based on the results of chapter 3 and 4 to improve the current management system as
stated in chapter 2. Specifically, a method of determine the control value of the PVC was proposed, taking into consideration
the sediment accumulation in drainage channels

Following two conclusions were obtained in this chapter.

5-1)

5-2)

A new design flow for drainage channels that takes into account for the effect of the seeding works, which is not
currently considered in the existing design flow, was proposed. Specifically, an equation to calculate the
relationship between the PVC and the height of sediment deposition in the drainage channels was derived. In
addition, the initial deposition coefficient as the height of sediment deposition in the drainage channels before
erosion event was defined, and this information was incorporated into the calculation flow of the drainage
capacity of the channels.

Assuming the model slope which designed for typical Shirasu road embankment, the method to set the
management value of the PVC for the seeding works was proposed to prevent water overflowing from the channel
network.

In chapter 6, the findings of this study were concluded, and future prospects were summarized.
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