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Sunagoke moss Rachomitrium japonicum is a good potential for greening material. It is
one of the plant products which are produced by plant factory. One of the primary
determinants of Sunagoke moss growth is water availability. An automated irrigation
system in plant factory would be desirable since it could reduce the work load on human,
increase the speed of production, improve the quality of the products and optimize the
growth of the plant products. In this study, we have developed an intelligent
micro-precision irrigation system in a cultured moss mat production factory as shown in
Fig.1. The overal goal of this research was to develop a coupled computer vision and
neural network system for detection of water content of cultured Sunagoke moss. The
specific objective of this study is to compare the performance of nature-inspired
algorithms to find the most significant set of image features suitable for predicting water
content of cultured Sunagoke moss. Machine vision was used as non-destructive
sensing to extract 212 image features such as Color Features (CFs), Morphological
Features (MFs), and Textural Features (TFs) from some color spaces i.e. gray, RGB,
HSV, HSL, L*a*b*, XYZ, LCH and Luv color spaces. Back-Propagation Neural
Network (BPNN) was used as a learning a gorithm to describe the relationship between




image features and water content of Sunagoke moss. The specificity of this problem is
that we are not looking for single image feature but several associations of image
features that may be involved in determining water content of cultured Sunagoke moss.
Therefore, nine nature-inspired algorithms for feature selection i.e. Neura-Genetic
Algorithms (N-GAs), Neural-Discrete Particle Swarm Optimization (N-DPSO),
Neural-Honey Bees Mating Optimization (N-HBMO), Neural-Simulated Annealing
(N-SA), Neura-Ant Colony Optimization (N-ACO), Neural-Intelligent Water Drops
(N-IWD), Neura-Discrete Firefly Algorithm (N-DFA), Neural-Discrete Hungry Roach
Infestation Optimization (N-DHRIO) and Neura-Fish Swarm Intelligent (N-FSI) have
been proposed.

First, the results showed that the optimum photosynthesis condition was reached when
the water content of Sunagoke moss was between 2.0 gg* and 3.0 gg* (gram of water
content per gram of initial dry weight). Lack of water and soak condition can make the
photosynthesis process decrease. Second, generally all CFs, MFs, and TFs showed the
same pattern regarding the water content. They showed a critical point when the water
content was in wet conditions or water content between 2.0 gg* and 3.0 gg™. Third,
BPNN model performance was tested successfully to describe the relationship between
water content and image features (CFs, MFs, and TFs). Fourth, we conducted a
comparison analysis of feature selection between filter and wrapper methods. In most
cases, the performance of five proposed feature selection methods (filter methods:
(Chi-Squared (X?), Mutual Information (M1), Correlation-based Feature Selection (CFS),
Linear Regression (LR)) and wrapper method: N-GAS) to predict the water content of
moss was greatly improved. Overall the results, wrapper (N-GAs) method were much
better than filter method. Fifth, we developed four basic wrapper-based feature selection
using nature-inspired algorithms i.e. N-GAs, N-ACO, N-SA, and N-DPSO. Using
analysis of t-test it was shown that there is a significant statistical difference between
method using feature selection and method without feature selection a o = 0.01
significant level. Nature-inspired feature selection techniques showed low absolute
deviation, which means that they have high ability and reliability in selecting relevant
features as well as maximizing prediction accuracy and reducing irrelevant features.
Sixth, we developed N-DHRIO as a novel nature-inspired feature selection. The best
N-DHRIO’s fitness function converged with the lowest validation-set Root Mean
Square Error (RMSE) of 1.07x102 when using 37 TFs combination. Seventh, we
developed N-IWD as a novel nature-inspired feature selection. The results showed the
superiority of N-IWD than the other methods (N-SA, N-GAs and N-DPSO). Eighth, we
present three new approaches of swarm-based nature-inspired feature selection



technique i.e. N-HBMO, N-FSI, and N-DFA. Comparative analysis shows the
superiority of N-DFA compared with the other feature selection methods such as N-GAs,
N-DPSO, N-HBMO, N-FSI, and N-SA, since it achieve better prediction performance.
The best N-DFA's fitness function converged with the lowest validation-set RMSE of
5.86x10° when using 21 features combination. Ninth, we developed two step feature
selection technique using N-GAs to improve the prediction performance. The output at
the first layer of feature selection will be the input of another feature selection to predict
water content using BPNN. This model was tested successfully to find the best
combination of relevant features and reduce the number of features in the feature subset.
Tenth, we developed an ANN pre-treatment algorithm using nature-inspired algorithms
to select relevant RGB intensities to predict Sunagoke moss water content. Comparative
analysis showed the superiority of N-HBMO and N-ACO compared with other feature
selection methods such as N-GAs, N-DPSO, and N-SA, since they achieved better
prediction performance. Eleventh, we observed nine methods of nature-inspired feature
selection (N-GAs, N-DPSO, N-HBMO, N-SA, N-ACO, N-IWD, N-DFA, N-DHRIO,
and N-FSI) using Multi Objective Optimization (MOO). MOO is an optimization
problem that involves multiple objectives or goals. MOO used in this study consists of
prediction accuracy maximization and feature-subset size minimization. Based on the
optimization performance, N-FSI has the best performance for optimizing the fitness
function of MOO problem, followed by N-DFA, N-DHRIO, N-GAs, N-HBMO,
N-ACO, N-SA, N-DPSO, and N-IWD in that order, respectively. However, in the
testing process, ANN model using feature-subset obtained from N-GAs has the best
prediction accuracy which has a higher ability and reliability to predict water content in
Sunagoke moss. Twelfth, we have developed an irrigation system caled intelligent
micro-precision irrigation system. The achieved performance of thisirrigation system is
promising. Overall, the proposed irrigation system for moss mat production in plant
factory is acceptable.
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Fig. 1. Design of intelligent micro-precision irrigation system for moss mat.
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