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Color enhancement factors are spectral components that modulate 

the spectral power distribution (SPD) of illumination for interactive 
color saturation control. They can enhance more than one target color 
simultaneously or independently while maintaining the current color 
appearance. However, the color enhancement factors obtained in our 
previous work depended on the lighting system. Moreover, the effects 
of color muting, such as decreasing saturation of the target color, 
were limited because the color enhancement factors were optimized 

to increase color saturation. We overcame these two issues and suc-
ceeded in implementing color enhancement factors that can both 
enhance and mute color saturation. First, we conducted detailed 
simulations of color saturation enhancement and muting to determine 
parameters for calculating the color enhancement factors (e.g., the 
center wavelength and full-width at half-maximum) and assessed 
their potentiality. The results showed that maximum variations of 
color muting became almost the same as those of color enhancement. 
We also found that SPDs of illumination for increasing and decreas-
ing color saturation of red, green, and blue had three peaks, respec-
tively, and that they appeared for enhancement and muting alter-
nately. In addition, the color enhancement factors for enhancing and 
muting color saturation were roughly symmetric. We then performed 
experiments using a newly designed 12-color LED lighting system, 
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and the results showed color enhancing and muting effects. Finally, 
we demonstrated color restoration of discolored cultural heritage and 
coloring simulation of industrial products.

  

Multi-source Domain Generalization Using Domain Attri-
butes for Recurrent Neural Network Language Models
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Most conventional multi-source domain adaptation techniques for 
recurrent neural network language models (RNNLMs) are domain-
centric. In these approaches, each domain is considered indepen-
dently and this makes it difficult to apply the models to completely 
unseen target domains that are unobservable during training. Instead, 
our study exploits domain attributes, which represent common 
knowledge among such different domains as dialects, types of word-
ings, styles, and topics, to achieve domain generalization that can 
robustly represent unseen target domains by combining the domain 
attributes. To achieve attribute-based domain generalization system 
in language modeling, we introduce domain attribute-based experts 
to a multi-stream RNNLM called recurrent adaptive mixture model 
(RADMM) instead of domain-based experts. In the proposed system, 
a long short-term memory is independently trained on each domain 
attribute as an expert model. Then by integrating the outputs from all 
the experts in response to the context-dependent weight of the 
domain attributes of the current input, we predict the subsequent 
words in the unseen target domain and exploit the specific knowledge 

of each domain attribute. To demonstrate the effectiveness of our 
proposed domain attributes-centric language model, we experimen-
tally compared the proposed model with conventional domain-cen-
tric language model by using texts taken from multiple domains 
including different writing styles, topics, dialects, and types of word-
ings. The experimental results demonstrated that lower perplexity can 
be achieved using domain attributes.
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Optical networks, such as wavelength-division multiplexing net-

works and elastic optical networks, require high reliability and effi-
cient wavelength allocation. We propose a new physical topology 
optimization method that achieves both high reliability and efficient 
wavelength allocation. We compare the results of conventional alge-
braic connectivity optimization, which discusses physical topology 
optimization from the viewpoint of spectral graph theory, with those 
based on reliability optimization, which is important from the view-
point of network operations. From the comparison analysis, it is 
shown that our proposed two-step degree bounded reliability-optimi-
zation model, which optimizes reliability with appropriate node 
degree constraints, leads to a physical topology that has high wave-
length capacity without compromising reliability.

  


