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Bio-greening presents a sound biological engineering intervention for improving functional and
aesthetic comfort of built environments. Thermal-physiological understanding is important for
designing optimum and sustainable bio-greening systems. In this thesis two adaptive
methodologies for thermal-physiological quantification were developed and used to quantify

thermal properties and physiological water stress in Sunagoke moss bio-greening biosystem.



The main aim of this thesis is to promote use of bio-greening as a bioenvironmental engineering

strategy for improving functional and apparent comfort of built environments. The main

objective was to develop adaptive methodologies for thermal-physiological quantification and

analysis. The specific objectives were: 1) to evaluate physiological water stress in Sunagoke

moss biosystem using Adaptive Thermal-Reflectance Stressimaging (ATRIS) methodology; 2)

to quantify thermal regulation properties in living Sunagoke moss biosystem using Adaptive

Inverse Heat Conduction Problem (AIHCP) method and 3) to identify water content that favours

optimum physiological state in Sunagoke moss biosystem.

Chapter 2 is a review on approaches to methods for quantification of physiological water stress

and thermal regulation properties in plant biosystems. A hybrid approach utilising bio-inspired

computing was selected for this thesis.

Chapter 3 presents the working principles of neural networks (NN) and co-dominance algorithm

(CA). The NN were used for inverse modelling in the ATRIS method. The CA was developed

by this author and was used for search optimisation in the AIHCP method. Performance test

results showed that though simple, the CA is more robust than the GA.

In chapter 4, the working principles of ATRIS methodology are reported. The method combines



probability-distance based texture analysis; Thermal-Reflectance Stressimaging (TRIS) and NN
modelling to detect, quantify and identify physiological stress in biosystems.  After
development, the method was used to quantify physiological water stress in Sunagoke moss
biosystem. Results showed that: one, probability-distance texture analysis is more
discriminative and adaptive than conventional texture analysis. Two, the ATRIS methodology is
capable of detecting and quantifying both deficit and excess water stress in Sunagoke moss
biosystem. And, three, the amount of water to ensure optimum physiological state, in Sunagoke

moss biosystem, is 1.5 — 3.0 times its own dry weight.

Chapter 5 presents two AIHCP methods for determining thermal regulation properties of a
living biosystem. The Inverse Finite Element NN (IFENN) method combines finite element
analysis (FE) with NN to inversely determine thermal properties a biosystem. It was used to
determine effective thermal conductivity (A,) of living Sunagoke moss mat. The Network
Simulation Co-dominance algorithm (NSCA) method combines Network Simulation method
(NSM) and CA to simultaneously, determine thermal properties of a biosystem. The method was
used to determine thermal conductivity and heat capacity of living Sunagoke moss biosystem.
Results obtained showed that: one, effective thermal conductivity of Sunagoke moss mat
varies between 0.1 and 0.28 Wm™K™ for 0 and 100% water contents (db), respectively; two:
thermal diffusivity of living Sunagoke moss biosystem ranges between 6.53E-7 and 1.19E-7

ms* respectively, for 0 and 200% db water content.



Chapter 6 evaluates the water content at which physiological state is optimum in Sunagoke
moss biosystem. This was found to be 2.0 — 3.0 (ave., 2.5) times its initial dry weight. And it
corresponds to 0.423 Wm™'K™ . thermal conductivity; 3.75 KJkg K™ | heat capacity;
5.2E-8ms™ , thermal diffusivity and 3.22 umol CO,m™s™, net fixation rate.

In conclusion, two adaptive methodologies for thermal-physiological quantification were
developed in this thesis. The ATRIS can quantify both deficit and excess physiological water
stress in Sunagoke moss bio-greening biosystems. The AIHCP methodology can quantify
thermal regulation properties of living bio-greening biosystems, simultaneously, without the
need to solve an ill-posed IHCP. And, lastly, though Sunagoke moss bio-greening biosystem
was used in this thesis, the ATRIS and AIHCP methodologies are novel enough to be extended
to other biological systems. Thus, adaptive methodologies for thermal-physiological
quantification and analysis can be developed by combining traditional engineering tools (such

as TRIS, FE and NSM) and bio-inspired computing.
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