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This dissertation evaluates the sustainability of organic waste management
using black soldier fly (BSF) technology in Indonesia from environmental,
economic, and social perspectives. The study examines BSF implementation
at household and municipal scales. A bibliometric analysis of 458
Scopus-indexed publications on food waste management in Asia (2000-2026)
1identifies emerging research trends including BSF larvae, circular economy,
and machine learning. A case study in Cimahi City investigates BSF-based
organic waste management systems and community participation.
Household-scale implementation through the Maggot-in-the-Box system is
assessed using Life Cycle Assessment (LCA), Cost—Benefit Analysis (CBA),
and social perception analysis, demonstrating economic feasibility, lower
greenhouse gas emissions, and positive user acceptance. Municipal-scale
assessment integrates LCA and Social Return on Investment (SROI), showing
that BSF treatment performs better environmentally than windrow
composting and anaerobic digestion while generating significant social value.
Survey and text mining analysis of community perspectives in Bandung
further reveal strong public recognition of environmental and economic

benefits of BSF-based organic waste management.



MXEEDERDOER

1Y RAVT TR REZAIIBIT2EHEEZEYOEENEL., EUSE
RO TDICKERETOREAMPEREINT VS, HESVEENH 2 HMD
—DIZ, TV VNI Y —T7 541 (BSF) 2IER L A EEY DBEEREAL
Hd, UNL. BSF 2 AV EHEREVERDOREN - BFN - H2fimz
[FI B 12 B U 7= AR RIS BREI T H 5. RIFEIX. YIVF AT —IViZh7=5 BSF &
ADREFMFIEEEETLIILEHNE LTV,

AEXIE, 2TETEBREINTWS, F1ETIE WEFELINEITOHNR
EDOX vy TEREL., MEOCHWEREAZHONIL TS, F2ETIL,
TIVTILEI 2R HEEYEEICET 550 458 4 (2000~2026 ) 2 MFIZX
BRETE O & EM L. WZEEm & #2115 BSF HMffOZRE 2 RIEL T\ 5,
EIETIX, NMNIHTHDFYLHIZEIT S BSF 21U - EREREEMEEIC
DWT, HEREME. AORETFENER. BEERMEA, I I2=27101285
EEFOBRANOHRZDMU TS, BAETIE, A T7FATINTRARAY
b (LCA) Z2AWVWT, HHHKD BSF EAFEHZ 2V RA ML HETLII L TEH
EEFE L TS, X561, BRAERSSM 2 AVTRFENERTREEZ, B1E
T4V 7 VESE (LDA) 2AVWCHAEDZARE ML T\ 5, &5 ETIE.
BSF BA% LYV AT —I)VDKRX 284 (IF[MEHEI. BMEEL) KT 5
ZLT., BHEHRHEE NG L UL 217> TW\Wd, LCA D, SROI 44 &2 AW
T. BSF DU XTI RIZTHEH - BFVFEREZFMEL TS, 5 6 BT,
KEHTHEINY RUHIZEIT S BSF R—ADEHEREEYERIZNTAIHED
SRUEEDWTI-0DI, TRV 7 —MRAEEZERL. LDA 2FHAVWTHHLT
W3, BTETIE. ARXERFBETDILLEIT, BSF R—AY AT LADIFEDR
HEEERRRL TV,

MEETBHIZ, KX, 1Y KAV 7I2BT5 BSF 2 WA EREEEDE
BYZAT LM T 57201, BRIE - &% - tafNlEzHiatk L. aFEnn»>
LB HEENODHET 226D THh D, RFFEORRIL., R EFEICE T B4
TEEEY B DR G A 2FH 2 RMAE L UT, ZOHHRE - FAKLZE<
Ffix ., BEVATLAIEZEFET L L IANKI,

o TARBXDEFIIEL (TF) OFEMNEZITIIERNHDIEDLED S,



Yer v

By k@) WE R GEES)
2 p o EE EE (T
% & B R E343%

FAREERH

2026%3H24H

PR S DEH

FARR $F45 F1E ZY

F AL X & H

AVRITDHY a—F vV EEDRRIZETI HME  BEAR
HIvg. BIEMFIA. Al HKifio7ER

(Advancing Cambodia’s Cashew Industry through
Environmental Impact Reduction, By-Product Utilization, and

the Adoption of AI Technologies)

i

A X

'EE

B4

\
/

S

(LS RFBRERM RS B (T2))
FHEA NA ¥

AN AT HEFR RIS B (T9)
FEZA Bl

(AT L RABREHAN S #IR L (%))
FEZE R K

(AL T IZ R EFRER S T8 2iE L)




RXHEDEE

AKFEIL, BEICEBETLIH VAR 7OV a—F vy VEEZENLIZ, MTT
2, BEYAHE, REEEL VS ZODTEEEEEIMIZoN L., BEIEL
FRERARRMIETVERRTSIIEEEMNE L, £ 1ETIR. BERED
BIEEMEICEY ., T o A0ER, REER. BEYME SEEEOREE
REEBBBRNPREBHTHILEVIMEF v T2HRL, AEDERELEW
RRE U, B2ETIR. FyVHOREAWEE., BIEWHA. SEEREM
WIZOWTEHBRWIAE2EE L, MTTEE2EHT— X IZEDWTEHE L Z/FEN
BHTAHRNZ L FAREERBIEL - Al FEQICHMESTELTWS Z
LERLU, AMEDOREWREMEBE DT /-, FEIZETIE, BROMITIBIZBNT
RE, B RIAE, BERELLCTETRELFEMICGHAIL, QIEEEAE. Bt
R, AE, EEEEABRRNICHEL 2, TOHERE, ZREIEOHT ALY
—KEN GHC HEE D EERTH 2 Z & BRIV NEEN 2 KX <HET DA,
PHIEEBEDHENMRARL UTEETHD Z NN E R > 72, LOA I &
D, LEEDIREEHDEENREBEEREEEMIIAKIPEETLIILERL,

BABTIX, #Va—7v T, HBHNT, & HERKLLEDRIEMIZONT,
ERE. RARE, FEME. REREMEZEE/L 7z, & TR L HERIIM
TIROMEIE UTHEATRTHY ., FEHE IS AEOMMEZ2RH>Z L 2 H
SN Uz, 2, AV a—7 v TIVIFERRMLBRNSZH BB 2 EA BR
FRIEXHIBERADMTIIESE LB L2 RUA, BHETIE., EROAKETR -
BREENOBEELZ2EBEL, EET— DA TELYTRELEHRME Al €57
PatchCore 27> a—F v Y FERBIZHOTEAL -, 2ETFT—XABRETLE
BEORMRENTETHY ., @LEMNMITEBZICE )2 HEEBEDEEL, B
fLIZEBR LSS 2R Uz, BOETIE, LEDKRREZREL, RIFEN LV
RITDAYa—FvYEZLIET2EEER L, BEARKR. BIEWEM.
RERED-ODEBMMBEZRMAELAZZLE2RUA, -, HEEASE, BIE
WG EM. Al BAZBRLYBERNER 2R, AENZORHNPT —4E0D
[RAZEE 2T, 2EREFAECHER LCA, Al ETINVOEBERENSHELDBEET
HBILERNZ, RFFEIE, ML - BEY - REEEZFESHIERML 20D
AENMEL LT, AVARIY T ORGHRETHRFAIIDH D EEEE I [T 72 F M
H - EBENERZ2RBETLIEDTH S,



MXEEDERDOER

>

AEIE, BFEIIERTEI2HI VR T7OIYa—F vy VEEZENLIZ, MTT
BEEICLIREERENE, RERORIEMAAIZ X SHIBOFEEINAD
ZELIANF—ERL LU TOHEENE. REEEADAFHICEE L. REICH
U728k - M AEOREAERERTILZzHNE LTV,

B 1ETIE, REMENREEBEICREY ., MIITEOER, REEAR. BIEY
fife, REEHEOBERLEOEBRBFERNREBECHEIA2EHL. AMEDOEMW
ERULTWS, BL2ETIR, Ty VEHOREAROEE, BIEWHE., REEL
BEMCOWTHREMFELZEBEL, EllFT— 2 ICEISKMIIEOFMPAEREER L
EDBRBIZHEHL 72 Al FEDORAMEDREEZRL . AHEDLEM % AREIZL T
W5, BIBETIEH, IVARIYTERNFLADEBILOEERELRE 3 DDA
2a—FYYMIIHIIEVWTEE, ZE, R, BERELREOEETRIIK
BRIANT—LHEHOBRAZEZHE L THRLTWS, F4 7147 NVT7 A
AVMIEY, BRIBADIAINEF—HFANBENRIIAEDOETERNTH S
Zo, IGMHOIRDEENBREAMEAEMIIKREISBETLIZILEERLT
Wb, BAETIR, AVa—7y T, MY, &, HEFKRLEDAY 2 —F
VY RBEROBENIZIOWVWT, BEE, BAE, RENA, INE - MTICEHLS
FEEDNAZFANRNT NS, & EHEREIPOINIIRR L UTEREI N, §T
CEREDINABKIZFESELTWS 2L, AYVa—T v FIVMEEMTH Y FIH
INTVRWN, FEEESE2ESL T IIREROFEIENADLZEIZES
LB ZEENRINTVS, FHETIE, REKOAER - BHEEIIZEZ HY
2a—FYVOREEEDOHEELEBE L, EET DA TEE AR EERIE
Al €5V PatchCore 2 A a—F v Y REREBIZHO TEEALTWS, LET
— A TCHEREOXRMMENTRETHY . BERLEOMIRBICHIT 5 RHEE
HMOBHLIZEBLEBZLE2RLTWVWS, F6ETIE, ULDOFEE2F LD,
b8, BIEYTSER. Al EAZBLREDBERNZREZT>TW5,

DLE. BEEIE., AV ARITOHY a—FvVEERBIZOVWTEENER, B
B, fiSREANOEROEMN SRENIZHUTH Y, BEY AT ATZEIIENT
RERBEND D, Lo TAMXDEZIIEL (T%) OEMEZITDIEREID
5EDLRDB,



794

Ay

.
A HK (BERR)

K& (R%F)
Fh0EE Bt (I%
F U & 5 HWHE3I445

FAREERH

2026%3H24H

PR S DEH

E S vkl

Ha%

B1E %Y

F AL X & H

BRI = 5 BEEETROEER AR

(Quantitative Visualization of Shock-Containing Supersonic

Jets)
WMXEBEEZEE £ &H fME T

(AL AN L R E RS TS L (T%))
BAEZE T EA

(LM A ZERRETEEEE L (TH))
BFEZE =E =W

(AL LR ZERRE T FEEE Bt (%))
EEEZE BHE FEW

(AEAMT L R ERRERE T8 #E (I%))

- 10 -




RXHEDEE

BEEERE, Esen sy hO#EER, NEATHEDZDBHIME, HhF
frEL Y, MEFHFILESIUCEMIZ2B ISV TRASHAINATHS, —
5T, BEFEESIEEFRERIE Yav BRI YNT 1 AT DK,
IHITFARAT Y =F ) A ADFRER Y, BOTEMLREFEZRT, ZHhoD
REIERBEDEARCEALESFEDOEERTDER L 850, BRATOEE
BEES JUVBEERIZEEBNICIE TS L VNEELFETH S, L1L,
B2 ZIVHOEFEIZE T 2 Z RN EBIREE, BES, BIUBEERY
Z, ERIIEBEN DEEMIZFME U ZAERIMRR L L TAHRW,

AREDOEHIE, BHEIKZ M4 BEEERIIN U TOLENEE R REE #E A
U, J RAVEOGEFEIZHEI WA EREE S K OERO KIS 2R B R M 2 E B
ICEEFHE TSI & THD, B XVE K CENIR T NIV Zns6
BHIIBIEEREZ2NEZEL, L1 VAR—Ya )=V UREAE RSD) BXU~
YN Y A —=FiE (ML) 2 BT, EEMMOSEMORE TCEES %5
BIUZ, ZThizky, YavreigE, v NT1 AT7DEBRMNE, 8LUE
MALH EOBEESHER—DEETEEML /2,

X517, BoNA-EREEZ2EBETIL (VM) BLUOL 1 ) IVAEHF T -
A bh—=27Z (RANS) ARRICEISHIERTERLHR U, TORR, FEF
REEEERICBEDOYa vy /v VEELLJUVBEERI ZEBEILEADS I L
MNARETHD L 2R, J AVEREICEAENEFREEICRIZTHELE
EHIIZEHOSDIZ U, £/, BRI NIV VNSRRI SBEEERIZE
3333y VOBEATZAXLZDONT, OODELRETY 70—Fh56EHR
U7z, TORE, ZODERLRIEMBENFEETLIILEHOSNIL &,

AMRETHEONLERE, ERRzEIBERBROERNERZFLIES

LBz, ERBRETEES I CREHIEEAM O S EITN ¢ 5 BRI R & 24t
THEDTH 5,

- 11 -



MXEEDERDOER

>

AEEEG L. MZEKCT Ty ho#ER, NIATEHEDOZRSHIME, MK+
fRERE, MEFEILFSLSUOBRIFIHFICSVTRBASHMAILTVS, —
FT, ERELZESIBSEBERIZ. Yav e EER vy NT 1 27 DFK.
IGIERAZ ) —F ) A ADKELRY, BOTHEELRRERELZRT., Tho6D
REFEREZTDEAPEIKSROETEREFORRL 25720, BRAHOEE
FBESIUVBEERIZEENICEET S ZLNEELFETH D, L.,
KRIZ ) AVHOGEEICE T 3 R 2 BHREEE. BES. BLIUBEERRY
., ERNICERBEN D EEMIZEM U ZEIIMEAR L LTAHRWY,

AIFFEDOBERIL, HEREZ M4 BEERERION U TAZNEEAHRIIEZER
U. / ZOVHEOGEEICEA X N2 EREES & OERO KB 2 RENR T % £
MIZEEFET 52 L Thd, BRFREM ) AV X CHENIRT NV ) Znb
EHT 2B EBERENEZ L L, L1 YR—Ya U —L VREAE (RSD) B LU~
YN Y o VR —FHE (ML) 2HAWT, JEEMN OB ERM O MRETEES & &
BUze ZHIZEY, YavIvIVEE, XYNT A AZORBMAE. B LUE
L EDEELSFEE—DEETERILL 2,

X512, BOoNFEREREZEBESIL (ISM) BLUL A1V VAEHF T -
A b—=27 A (RANS) ARRITEISHERITER UKL 2, TORBR. TEW
RS HERICHAEDY ay 7 VEBESJVOBERRICZEREICRZS L
MABETH DL ERL., J ANVERBLICEAUNEREE I CRIZTTEHELE
EWICIHOMNMI U, /2. BRI NV ZUHSHEE I NS BEEERICE
F25Ya v 7R VDEEAHZRAIDONWT, MODELZTY FO0—F76E#
FUz, TOME. ZODERLRIEMBENBEET I L EZHSNIL &,

HPRB/XBELIZEVT, BXOABIZOVWTHELRSHERL., FHEELI
BWTHEMND > ZEFOEBERHBAELEMINT WV,

Lo T RWXDEZIIEL (ITE) ODFMNEZITEIERNHIEDLED B,

- 12 -



Va vy

R% Ok X & (RED
Yo mE it (1)
% 4 B 5 W E345%

FAREERH

2026%3H24H

PR S DEH

FARR $F45 F1E ZY

F AL X & H

A study on performance optimization of office buildings in cold
regions based on window-to-wall ratio and external shading

(REELLE X OOMT 1) HEHERICE D < BipHuR A 7 + A8
DR E LIRS HHF5%)

i

\
/

A X

'EE

B4

5

s

LAt A S ERES T80 Bt (T%)

F Y —
(A E

ANLIE 23
LRt A EREE T Y8408 Bt (T%)

A

Rt A EREE T L8408 Bt (8%))

H.[/

I

N— R

G
ok
i

BTZHHEE #L (TF))

I

G
ok
i

it
mk
ot

- 13 -




MYXANEDEE

Office buildings in cold regions are characterized by long heating periods,
strong seasonal temperature variation, and increasing comfort demands,
making facade design a critical factor in energy performance. Window-to-wall
ratio (WWR), glazing performance, and external shading jointly affect
thermal comfort, daylighting, and energy consumption. However, existing
studies often treat these parameters independently and under static
assumptions. This research takes Qingdao, a representative cold-region city
in China, as a case study to investigate the coupled effects of facade design
and occupant behavior using dynamic simulation and optimization methods.

Chapter 1 reviews the research background and related studies on WWR
and building energy performance, identifying the lack of integrated and
behavior-responsive optimization approaches in cold-region office buildings.

Chapter 2 introduces China’s building thermal zoning system and the
climatic characteristics of Qingdao. A TRNSYS-based dynamic simulation
platform is established to support time-dependent performance analysis.

Chapter 3 analyzes occupant behavior based on questionnaire surveys and
1dentifies three representative behavior modes.

Chapter 4 examines the impact of window-to-wall ratio on indoor thermal
behavior and energy performance. The results reveal a clear nonlinear
relationship, in which excessive WWR increases cooling demand and
temperature fluctuation, while a moderate WWR provides a more balanced
thermal and energy performance.

Chapter 5 examines the seasonal effects of WWR and glazing combinations.
Although single glazing enhances short-term passive thermal comfort during
winter daytime, its high heat loss results in inferior annual performance,
whereas double and Low-E glazing reduce heat loss and provide more stable
and energy-efficient indoor conditions.

Chapter 6 applies a multi-objective optimization framework based on
NSGA-III to external shading design, balancing daylight availability, glare
control, energy use intensity, and thermal comfort. The results identify
representative shading strategies and clarify key performance trade-offs for
early-stage facade design.

Chapter 7 demonstrates that occupant behavior strongly amplifies energy
consumption differences, especially in high-WWR buildings.

Chapter 8 Conclusions and Prospect.
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This research aims to connect user activity with spatial context through a
user-centered perspective with 3 main objectives: identify spatial context and
patterns of user distribution within neighborhood parks; determine key
spatial and physical features that influence park use; and examine how
temporal factors shape the performance of park features and user activity
patterns. These objectives provide a structured basis for understanding how
space, features, and time interact to influence park use.

Chapter 1 explained how user density, park layout, actual activities, and
time-related factors are connected in neighborhood parks. This chapter
applies a comparative and descriptive approach using government park data
and field observation to understand existing conditions. The results show that
park use are episodic pattern, while park layout is linked to activity patterns,
and indicate that weather, season, day, and time influence user intensity,
while user circulation patterns are closely related to user demographics.

Chapter 2 reviews previous studies on spatial characteristics and zoning,
accessibility and features, temporal activity patterns, and simulation-based
evaluation. The chapter compares research focus and methods, especially
those related to user-centered approach and behavior mapping. The review
shows that most studies rely on one method, while this research combines
three different methods: direct observation, spatial analysis, and data-driven
analysis to better understand user dynamics across multiple neighborhood
parks.

Chapter 3 explains five stage framework is used to identify spatial
characteristics, existing layout, user activities, and time-related conditions
across 39 neighborhood parks of the study area in four categories. GIS
analysis, feature-density indicators, and statistical tests examine the
relationships between space, time, and activity. Regression and random forest
models are then used to predict and simulate usage patterns under different
scenarios with higher accuracy and clearer causal interpretation.

Chapter 4 focuses on understanding spatial structure and usage patterns
using GIS-based spatial, statistical analysis, and a random forest model. The
findings show that most parks are in high-density residential areas and work
as green sitting spaces for mixed users. Spatial characteristics, surrounding
context, and park layout have moderate and non-linear relationships with
user activity. The simulation reveals clear social-spatial zoning, where

different activities cluster in specific areas of the park.
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Chapter 5 examines how micro-scale spatial (amenity density, compactness,
accessibility) influences park amenities performance by classifying park space
into edge, transition, and core zones, and applying scenario-based simulations
to evaluate user intensity across 39 neighborhood parks. The results show
that park location, visibility, and spatial integration strongly affect
accessibility and activity levels. The simulations confirm that park size,
perimeter, and amenity availability shape both activity intensity and its
spatial distribution.

Chapter 6 examines how time-related factors and spatial conditions
influence shade-activities covered and park use, using GIS Hotspot and
statistical analysis. Temporal simulation is applied to test different usage
scenarios. The results show clear differences in shade patterns due to tree
canopy location. Weather, time, and season strongly influence user intensity
and distribution. The study simulation recommends prioritizing movable
seating, modular equipment, and flexible zoning to support changing use
patterns.

Chapter 7 addresses key questions that emerge from the results of the
previous chapters, by statistical checks to test the consistency and
correlations among major findings and compares them with earlier studies
from similar and different urban contexts. The results confirm that spatial
context plays a central role in shaping how users distribute within small
parks. Dynamic density, complex temporal, and integrating placement create
a dynamic design.

Chapter 8 connects the research hypotheses with the main findings to
develop clear recommendations based on User-Centered Design principles. It
summarizes how data, tools, and analysis procedures support this synthesis.
The chapter explains what the study contributes, along with its achievements
and limitations, highlights pathway layout, amenity distribution, and
temporal factors related to user activity patterns. These relationships are

used to answer research questions and inform practical park planning.
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Balancing indoor air quality (IAQ) improvement with energy efficiency
during the heating season presents a major challenge for buildings in cold
regions. In Northeast China, prolonged window closure for heat conservation
leads to the accumulation of pollutants such as volatile organic compounds
(VOCs), formaldehyde (HCHO), and fine particulate matter (PM,s), posing
health risks. This study develops an integrated IAQ improvement strategy by
combining empirical analysis with intelligent control, establishing a
framework that links perception surveys, field measurements, and
reinforcement learning—based optimization to achieve a dynamic balance
between pollutant reduction and energy efficiency.

Chapter 1 introduces the research background, highlighting the health—
energy dilemma caused by enhanced airtightness and reduced winter
ventilation in cold regions of Northeast China, in the context of climate
change, public health, the UN SDGs, and China’s “Dual-Carbon” strategy. To
address this challenge, the study proposes an integrated framework
combining low-cost sensing and reinforcement learning—based intelligent
control to balance indoor air quality (IAQ) improvement and energy efficiency.

Chapter 2 reviews indoor air pollution (IAP) and IAQ standards in China,
Japan, and international green building frameworks, focusing on VOC sources
and control strategies. It critically examines recent advances in low-cost
sensing and intelligent control methods, including MPC, RL, and DRL, and
identifies key research gaps that motivate the innovation of this study.

Chapter 3 presents a three-phase framework—Subjective—Objective—
Application—integrating perception surveys, field measurements, and
PPO-based intelligent control. The framework links residents’ ventilation
behavior, environmental measurements, and adaptive air purifier control for
dynamic JAQ management.

Chapter 4 reports a questionnaire survey conducted in Changchun
residences during the heating season, analyzing housing characteristics,
ventilation behaviors, and subjective comfort and air quality perceptions,
which provide baseline data for subsequent measurements and model
development.

Chapter 5 presents field measurements of VOCs in Changchun residences,
analyzing compound composition, seasonal variation, indoor—outdoor
relationships, and the influence of temperature and humidity. The results
demonstrate that limited winter ventilation is insufficient to maintain
acceptable TAQ.
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Chapter 6 analyzes long-term IAQ monitoring data, revealing temporal
patterns and correlations among PM.s, HCHO, thermal conditions, and
ventilation behaviors, offering insights into pollutant dynamics in
cold-climate residences.

Chapter 7 develops and evaluates a PPO-based reinforcement learning
controller for air purifier operation. Experimental results show that,
compared with fixed-speed strategies, the proposed controller effectively
reduces pollutant exposure while improving energy efficiency and operational
robustness.

Chapter 8 conclusions of each chapter have been summarized, and the

contents of the future research were expounded.
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MYXANEDEE

The urban heat island (UHI), exacerbated by urbanization and warming,
poses a threat to urban residents’ health. While urban parks are key to UHI
mitigation, their cooling effects and dynamics of parks remain poorly
understood. In this study, building upon a summary of existing research, we
explore the effects of parks on the urban heat island effect from several
dimensions, including park construction, park types, park locations, and park
internal composition. The goal is to provide strategic suggestions for urban
sustainable development from the perspective of parks. The article is divided
into eight chapters as follows:

Chapter 1 serves as an introduction to the challenges posed by the urban
heat island effect, exacerbated by factors such as the rising urban population,
climate change, and global warming. The chapter delves into the potential of
urban parks in mitigating this effect, highlighting the research questions and
objectives that aim to explore the shortcomings in park cooling research. By
conducting a comprehensive literature review and analyzing cooling capacity
indicators, the study aims to provide insights into optimizing urban park
design for climate adaptation planning.

Chapter 2 is literature review, provides an in-depth exploration of the urban
heat island effect and the role of urban green spaces, specifically urban parks,
in mitigating this phenomenon. The chapter begins with the urban heat island
effect, including its classification, causes, effects on human health, urban
ecosystem, and climate, as well as measures to mitigate it through urban
planning, green spaces, energy use improvements, and water resource
management. Furthermore, the review highlights the significance of urban
green spaces and urban parks in combating the urban heat island effect,
discussing their mechanisms, ecological benefits, and cooling effects.

Chapter 3 provides a detailed overview of the methodology employed in this
study, focusing on the software tools and analysis techniques used to
investigate the impact of urban parks on mitigating the urban heat island
effect. The chapter begins by introducing the software tools utilized, including
SPSS for statistical analysis, ENVI for image processing, ArcGIS for spatial
analysis, Fragstats for landscape pattern analysis, and Origin for data
visualization. The methodology further delves into the process of land surface
temperature inversion, utilizing Landsat remote sensing data for analysis.
Moreover, the chapter explores various correlation analysis methods employed
in this study, including Spearman's rank correlation analysis, Pearson

correlation analysis, linear regression analysis, and random forest analysis.
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Chapter 4 examines the impact of park types on their cooling capabilities.
Based on remote sensing and GIS tools, the spatial characteristics of heat
island effect in Hangzhou are analyzed to explore the different characteristics
of different types of urban parks to mitigate the heat island effect and the
main influencing factors, the results show that: 1) Different types of parks
have certain cooling effect on their internal and peripheral areas, with
mountain wetland parks having the best cooling effect and specialized parks
the worst; 2) The perimeter, area and vegetation coverage of parks are
negatively correlated with their internal temperature; 3) The correlation
between park temperature and area gradually decreases as the area increases,
and when the area is larger than 40 ha, the size of the park no longer becomes
the main influencing factor of its internal temperature.

Chapter 5 focuses on the impact of the riverfront park on the park's cooling
capacity. In this chapter, we assessed the cooling capacity of different urban
blue-green combined spaces by selecting three key parameters: river cooling
distance (RCD), river cooling intensity (RCI), and river cooling gradient (RCG).
Spearman correlation, Random Forest, and linear regression analysis were
employed to explore the relationships between these cooling indicators and
riverside spatial configuration. The results demonstrate that the development
of riverside parks can significantly amplify the cooling effect of urban rivers,
increasing the RCD by 178 m, the RCI by 0.85 °C, and the RCG by 0.62 °C
compared to areas lacking such parks. Notably, wind direction has a
substantial impact on RCD, while its influence on RCI is minimal. The length
of the park along the river primarily affects both RCD and RCG, contributing
over 30% to their variance, whereas RCI is mainly determined by the spatial
configuration of green spaces, accounting for 43%.

Chapter 6 examines the impact of the composition of the internal land use
in the park on its cooling capacity. In this chapter, we investigated the cooling
effect of 60 parks in Hangzhou, by quantifying both the maximum and
accumulated cooling effects. Significant cooling effects were observed in all 60
parks, with an average cooling distance of 364m, range of 2.99°C, and area of
241.35ha. Park types vary in cooling effects, which are primarily influenced
by park area, perimeter, shape, ISAP (impervious surface area proportion),
and GAP (green area proportion). Community and theme parks are influenced
by area and ISAP, while mountain and comprehensive parks are affected by
shape and GAP. Strip and wetland parks experience influences from ISAP,
and GAP. Setting the park area at 133ha and limiting the ISAP to less than
40% 1s recommended to achieve a significant cooling effect.

Chapter 7 mainly explores the changing characteristics of the urban
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thermal environment before and after the construction of the new park. In
this chapter, 20 new parks in Hangzhou were selected to investigate the
characteristics of urban land surface temperatures (LST) alterations
before-and-after park construction by using the single-window inversion on
three years of Landsat 8 satellite imagery. Correlation analysis and Random
Forest model were utilized to explore the influence of park attributes and
surrounding landscapes on their cooling impact. The results indicate that
newly constructed parks significantly reduce urban LST: by 0.31°C inside the
park and 0.64°C in its surroundings, reaching 0.84°C and 1.08°C as parks
mature. From 2022 to 2023, average park cooling distance (PCD) increased
from 104.40m to 147.50m, park cooling area (PCA) expanded from 14.11ha to
17.88ha, park cooling intensity (PCI) rose from 0.64°C to 1.08°C, and park
cooling efficiency (PCE) increased from 4.66 to 7.30. PCA is mainly affected by
park area, while PCD, PCE, and PCI are mainly affected by landscape
structure of surrounding building patches.

Chapter 8 is the conclusion, we have conducted a comprehensive summary
of the study, focusing on the main findings, discussing the significance of the

research, and reflecting on the contributions and limitations of the study.
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Urbanization has intensified thermal environmental problems in cities,
resulting in rising land surface temperatures (LST), increasing energy
consumption, and declining outdoor thermal comfort. However, existing
studies often focus on a single spatial scale, which limits comprehensive
understanding of how urban heat is distributed, generated, and perceived by
residents. To address this limitation, this dissertation establishes a
comprehensive multi-scale framework linking macro-scale thermal patterns,
meso-scale morphological mechanisms, and micro-scale human thermal
perception. The findings deepen understanding of thermal environments in
coastal cities and provide practical guidance for climate-responsive planning,
block renewal, and public space optimization.

Chapter 1: Research background and purpose of the study. This chapter
establishes the theoretical background linking global climate change with
urban thermal issues and proposes a progressive multi-scale framework for
thermal environment analysis and optimization.

Chapter 2: Literature review. This chapter summarizes research progress
on outdoor thermal environments across multiple spatial scales and, based on
bibliometric analysis, identifies gaps in connecting macro-scale thermal
mechanisms with micro-scale thermal comfort.

Chapter 3: Research areas and methodology. This chapter introduces the
characteristics of Dalian and presents a multi-scale methodological
framework for city-scale LST downscaling, block-scale morphology—thermal
relationship analysis, and square-scale thermal comfort evaluation and
optimization.

Chapter 4: Identification of thermal characteristics of Dalian city. This
chapter develops high-resolution LST data by integrating Landsat-8 thermal
infrared data with Sentinel-2 optical data using regression modeling and
residual correction to downscale LST from 30 m to 10 m. The resulting dataset
reveals detailed spatial patterns of the urban thermal environment, including
coastal cooling zones, vegetated cold areas, and inland high-temperature
clusters.

Chapter 5: Investigating the impact of urban form on the thermal
environment. This chapter classifies blocks in Dalian’s central urban area
using three-dimensional morphological indicators and examines spatial
patterns of block-scale thermal environments. By integrating LST data with
OLS and GWR models, it explores spatial heterogeneity in the effects of urban
morphology on thermal conditions and identifies key driving factors.
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Chapter 6: Thermal assessment and optimization of city squares in Dalian.
This chapter evaluates the thermal environment of urban squares based on
field measurements, questionnaire surveys, PET analysis, and validated
ENVI-met simulations. It analyzes the effects of vegetation, water features,
pavement materials, and spatial form on thermal conditions and proposes
targeted summer heat-mitigation strategies.

Chapter 7: Conclusions and prospects.
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Urban water systems are increasingly shaped by pronounced rainfall
variability, aging infrastructure, and rising non-potable water demand.
Building-scale rainwater harvesting (RWH) systems provide a direct means to
reduce potable-water consumption and alleviate stormwater pressure, yet
their effectiveness depends on rainfall-demand dynamics, storage
configuration, economic conditions, and operational rules. This dissertation
develops an integrated framework to evaluate, optimize, and operate RWH
systems in buildings under uncertain climatic and demand environments.

Chapter 1 establishes the motivation and research gaps, highlighting the
limited treatment of uncertainty, the absence of cluster-scale analyses, the
lack of economic coordination mechanisms, and the minimal exploration of
intelligent operation.

Chapter 2 summarizes typical RWH configurations and introduces the
study area in the Kitakyushu Science and Research Park, including system
layouts, non-potable water-use profiles, and the region’s highly seasonal
rainfall, which together form the empirical basis for subsequent analyses.

Chapter 3 constructs an hourly water-balance simulation model and
formulates climate and demand perturbation scenarios to examine system
robustness. Results show that storage capacity strongly influences
potable-water reduction and overflow behavior, but performance gains
diminish beyond a certain scale. A feasible capacity interval is identified
through scenario-based comparison.

Chapter 4 extends the analysis to a campus—residential cluster and
evaluates coordinated operation. Allowing surplus rainwater to be
redistributed across zones reduces potable-water supplementation and
smooths seasonal fluctuations, while reshaping the temporal structure of
overflows.

Chapter 5 assesses economic feasibility using a life-cycle cost framework.
Although the campus RWH reduces potable-water use, high construction costs
and reduced utility revenue limit economic attractiveness. A cooperative
scheme introducing non-potable water tariffs is analyzed, showing that under
appropriate tariff and subsidy settings, both the RWH system and the water
utility can improve their long-term benefits.

Chapter 6 develops an MPC-like operational strategy based on rainfall
forecasts. By introducing a pre-release mechanism, the method adjusts
storage ahead of intense rainfall, reducing concentrated overflow events

without affecting annual rainwater use or potable-water supplementation.
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This demonstrates the potential of lightweight predictive control to enhance
operational stability.

Chapter 7 synthesizes the findings and positions RWH as a component of
broader urban water management, emphasizing the need for continued
research on multi-source integration, economic mechanisms, and adaptive
operation under non-stationary climatic conditions.

Overall, the dissertation links scenario-based modeling, capacity
optimization, cluster-scale coordination, economic analysis, and predictive
operation into a coherent methodology. The results clarify how RWH
performance is shaped by hydrologic variability, system scale, economic
incentives, and operational design, providing a technical foundation for the

effective deployment of building RWH systems in future urban water cycles.
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To further reduce operational carbon emissions and achieve more efficient
space cooling in buildings, this study develops and optimizes the operational
strategies of Thermally Activated Building Systems (TABS) to minimize
energy consumption while maintaining indoor thermal comfort. The research
consists of three major objectives: (1) performance evaluation and operational
optimization of the Pipe-Embedded Wall (PEW) system; (2) condensation risk
assessment and development of condensation-free strategies for ceiling TABS
during cooling operation; and (3) improvement of dynamic control
performance through an adaptive Model Predictive Control (MPC) framework.

First, for the PEW system installed on the exterior walls of a school building,
the thermal interaction with low-grade heat sources was analyzed using
unsteady Computational Fluid Dynamics (CFD) simulations combined with
field measurements. Based on the identified thermal performance, an
MPC-based optimized operational mode was proposed to enhance heat
utilization efficiency and maintain a stable indoor environment. Second, to
address potential condensation risks of ceiling TABS under hot and humid
environment, an unsteady CFD analysis considering coupled hygrothermal
transfer within the concrete structure was developed. A predictive formula for
indoor dew-point temperature and a condensation safety rate were
established, and an MPC-based condensation-free operation strategy was
proposed to ensure both system reliability and indoor comfort while improving
energy efficiency. Finally, to overcome the limitations of conventional
MPC—such as dependency on linear time invariant model accuracy and high
modeling complexity—an adaptive MPC (AMPC) framework based on a
recursive ARX model was developed. This approach enables online parameter
updating of the predictive model, thereby improving control performance and
energy efficiency under varying operating conditions.

Overall, this study establishes an integrated framework from system
performance verification to condensation prevention and adaptive
optimization, providing theoretical and methodological foundations for the
intelligent and low-carbon operation of TABS in future sustainable buildings.

- 38 -



MXEEDERDOER

>

RESCIE, BENOBEBPEEEZERL NS, BT ANF -2 EHT LI LN
TX 2 REERMABBEEY A7 L (TABS) OREERFEEZEFEL. TOER
M % TABS WEAINAZREFEENE L LT, REFRERER (CFD) 2EFIVF
Bl (MPC) 2 R—2 & U= & OERBIZEVRIETZ2EDTH S,

B 1ETER, AEERLEN, BERLEMIIOVWTRLTWS,

BE2ETIX. EANADOBEMELEEL /LT, AMEORBEHELSMNILT
Wa,

EIETIX. AFEICTEIZERY K S CFD. MPC., ¥ E TV & HI4H D E s AR AT
IZMAZ, TABS REAINTWVENZEYOMEIZODOVTRL TS,

B ABTIE, HEEVMONEEIZEA XN TABS 20512, ZEFEEJFEAKE UT
ART— RFRAINEZHKOBRENREZRIELTE D L 5IT. AREICHEAN
DFHKDEKERZ MPCIZEVRELTWVWS, ThiZkY), EHORABEEL2Z
IR, BREGEEZRARTINEERMLTEILZZL2HONILTWVS,

BEHETIE NEEMORHAAT TIZEAI N TABS & X R12, EhATHE M.
BIANF—MeHRELOD, BBV A728/MET 2 L5112, #EkEHE2
MPC IZEVRETIFEEREL TS, ZhIZLY, BRELRENRRRE L
U/ LT, TABS RE A THEELFFIEL DD, ON-0FF HlIfE & s U T 12. 4%,
EHER 7 MPC R LT 9.3 YD T A NF —HBENYIBITRETHL L 2R
TW5,

B 6ETIE, AREMORHAT TIZEAXI N/ TABS &3 RI12, FR 5 H]H
MegEomEzBfEL. BHREEARBAEATET IV (RARX) 2FHETIVE L
THWEEREE 7 IVFHEIEE (AMPC) 2REL TV, AFEITFHET VO
NIA—REFVITAVEHRTDHI LT, KD NPC &R U THIEMERED A L
U, RIZZERNORNREERL LT, BEAREZH 0B EBTELIL2RLT
Wa,

ETETIH, EETCBONZHMARVTSEROBEEEZ LD, REL TV,

DLl E. KEFZEIZ MPC 2 R—2 2 U/ TABS OREERFEE2BEELTI I LICL
D, YEIBFIIBI2HFLVWHRE252550DTHD, —EDHERRIZLY.,
TABS DHARIZB T 2BAEECEARSNP/RTE, SBROBERE - RELFE
DEHOERIIKISERTIEDTH S,

Lo TARBIXDEZFIIEL (%) OFEMEZITIERNHDIEDLED D,

- 39 -



795F )

ke (k) FOER (FE)
%60 EE Bt (T

% fi & £ HHE352%8

FAREERH

2026%3H24H

PR S DEH

E S vkl

FA4% HBI1IHE ZH

F AL X & H

Development of on-site robotic system for timber construction

using vertical movement method
(RESE ARz AV RERED O DTG AT «
v 7Y AT LDRF)

i

A X

'EE

B4

\
/

F A

I

G
ok
i

I

G
ok
i

it
mk
i

mE B

(LA A ERIRE T 8508 Bt (T2))
B

(LA A E B
%7 IEfE

(LA A E IS TS B (T2%))
HE B

CEAUN T SR E RS T 2808 81 (T%))

RIBETHEER 81 (TF))

- 40 -




WXHEDEE

This doctoral thesis investigates how industrial robots can be used to
realize automated construction of screw-fastened timber shell structures
while rigorously quantifying the associated environmental impacts during the
construction phase. Focusing on Layered Interlaced Timber Arch-Shells
(LITAS), the research spans from small- and medium-scale laboratory
prototypes to a building-scale shell assembled from structural timber
members. A vertically mobile robotic system and specialized multifunctional
end- effectors are developed to enable fully automated gripping, placement,
and fastening of timber members. In parallel, a construction-phase life cycle
assessment (LCA) framework is established to capture both material-related
burdens and the electricity consumption of robotic systems. By coupling
parametric design, robotic path planning, experimental prototyping, and
environmental assessment, the thesis aims to clarify the technical feasibility,
scalability, and environmental trade-offs of robotic timber construction in
comparison with conventional manual assembly.

Chapter 1 presents the research background, purposes, and objectives. It
first reviews the global context of decarbonization in the building sector and
the emerging role of engineered timber as a low-carbon structural material.
The chapter then examines the state of the art in robotic construction,
emphasizing current limitations in automation of timber assembly and the
lack of quantitative environmental evaluation for robotic construction
processes. On this basis, it formulates the central research questions
concerning how vertically mobile robotic systems can be applied to LITAS
construction and how their construction- phase impacts can be assessed. The
chapter concludes by defining the research scope, clarifying the
methodological boundaries, and outlining the overall structure of the thesis.

Chapter 2 introduces the overall research methodology. It describes the
parametric modelling of LITAS geometry and grouping logic, and explains
how design data are translated into executable robot programs through a
design-to-robotic workflow based on Rhino/Grasshopper and KUKA | prc. The
chapter then presents the physical experimental system, including the KUKA
industrial robot, the pneumatic end- effector, and the test LITAS prototypes.
Experimental procedures for capturing time, energy consumption, and
construction performance are specified. Finally, the chapter defines the
construction-phase LCA framework, including goal and scope, system
boundaries, functional unit, data collection for materials and energy, and the
choice of impact assessment methods (IPCC 2021 and ReCiPe 2016) that are
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consistently applied in subsequent chapters.

Chapter 3 focuses on the robotic construction of small- and medium-scale
LITAS prototypes. It details the fabrication sequence and assembly logic for
LITAS, and explains how the stationary and vertically mobile robotic systems
execute gripping, positioning, and screw-fastening tasks. The chapter
describes the development and validation of the end-effector, the definition of
relay points and collision-free paths, and the implementation of fully
automated assembly sequences. Experimental results document cycle times,
task reliability, and construction accuracy, thereby demonstrating the
feasibility of robotic LITAS assembly and providing empirical data for later
environmental analysis.

Chapter 4 develops a dedicated life cycle assessment for the vertically
mobile robotic system during the construction phase. Based on the validated
prototype experiments, it quantifies the inventory of materials (timber and
screws) and energy flows (robot drives, compressed air, and lifting system)
required to assemble the LITAS. The chapter reports midpoint and endpoint
impact results, compares the relative contributions of materials and robotic
systems, and examines how environmental burdens evolve when the LITAS
structure is scaled up. Sensitivity analyses on key parameters, such as screw
quantity and energy consumption, and simple uncertainty considerations are
used to identify dominant drivers and to test the robustness of the
conclusions.

Chapter 5 extends the investigation to a building-scale LITAS structure. It
first documents the manual construction of a large shell built from 105 X 105
mm structural timber members, characterizing labor intensity, assembly
sequence, and on-site constraints. On this basis, a robotic system concept is
proposed that adapts the vertically mobile robotic approach to building scale,
using a high-payload KUKA KR 120 on a mobile base with a newly designed
heavy-duty end-effector. The chapter presents workspace analysis, path
planning, and task timing for the simulated robotic assembly, and develops
energy-demand models to estimate construction-phase electricity
consumption. These data are integrated into an LCA that compares manual
and robotic assembly scenarios for the large LITAS, highlighting both the
technical scalability and environmental implications of deploying robotic
construction at building scale.

Chapter 6 (Discussion and Conclusion) will synthesize the findings from the
laboratory prototypes and the building-scale scenario to provide an integrated
discussion of technical, methodological, and environmental outcomes. It will

critically compare robotic and manual construction in terms of feasibility,
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efficiency, and multi-impact environmental performance, and will reflect on
the role of vertically mobile robotic systems in future timber construction
practices. The chapter will also summarize the main scientific and practical
contributions of the thesis, acknowledge limitations in the experimental setup
and modeling assumptions, and propose directions for future research on
robotic timber construction and construction- phase life cycle assessment.
The thesis is significant because it closes a critical “missing link” between
robotic timber construction as a technical capability and robotic timber
construction as a defensible sustainability strategy . It contributes (i) a
validated , design -to-robotic system for assembling geometrically complex ,
screw - fastened LITAS structures with both stationary and vertically mobile
robotic configurations , (ii) one of the first construction -phase LCA
frameworks tailored to robotic timber assembly with component -level energy
disaggregation and multi-method impact assessment. By extending the
framework from lab-scale prototypes to a building-scale LITAS case via
simulation, the thesis provides scalable, decision-relevant evidence on when
automation meaningfully changes environmental hotspots and offers
actionable design/operation guidelines for deploying robotic timber

construction credibly at architectural scale.
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This doctoral thesis investigates how multidimensional factors shape
satellite city branding dynamics. A multi-method approach was employed,
integrating spatial determinant analysis, vitality assessment, and perception
evaluation to provide a comprehensive understanding of satellite city’s
transition. The study addresses three key objectives. First, it analyzes
satellite city’s transformation to capture both physical and symbolic urban
dynamic during the main city transition. Second, it evaluates city brand
vitality in relation to satellite city readiness. Third, it examines the city
branding positioning through spatial centrality and perceptual acceptance.

Chapter 1 explains the development of satellite cities under global
urbanization. This chapter uses a descriptive approach based on secondary
data, previous studies, and spatial indicators from global cases. The results
show that satellite cities perform diverse functions while facing dual
challenges: supporting the main city and maintaining a competitive urban
identity. The findings reveal city branding dynamics that highlight the gap
between the satellite city's structural position and its perceived identity.

Chapter 2 synthesizes the previous literatures on city branding and
satellite city strategies. This chapter applies a comparative analysis using
thematic clustering and typology analysis of global studies. The findings show
that city branding research is fragmented across five themes which explain
into diverse satellite city strategies. The findings conceptualize city branding
of satellite cities as multidimensional dimensions, linking physical
transformation, urban vitality, spatial connectivity, and public acceptance.

Chapter 3 explains the research framework used to analyze satellite city
branding dynamics. This chapter applies a mixed spatial, computational, and
perceptual approach that integrates big data and conventional survey
methods. Urban transformation is measured using proximity, land cover,
urban activity intensity analysis; city brand vitality through five vitality
dimensions; spatial centrality through spatial design network analysis; and
public acceptance through principal component analysis.

Chapter 4 explores satellite city transformation during the main city’s
transition. This chapter applies spatial analysis combining proximity analysis,
land cover change interpretation, and urban activity intensity assessment.
The results show that satellite city transformation is driven by functional
links to the main city, where proximity improves accessibility, built-up

expansion occurs in peripheral areas, light intensity is concentrated in
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established urban areas, and place popularity increases along major activity
corridors.

Chapter 5 evaluates city brand vitality in relation to satellite city readiness.
This chapter applies a grid-based spatial analysis of place, presence, people,
prosperity, and pulse using density analysis, entropy index, vitality
calculation, and spatial autocorrelation. The findings show that city brand
vitality is spatially clustered, with high vitality concentrated in
well-connected and activity-intensive areas, while peripheral areas have
lower and more fragmented vitality patterns.

Chapter 6 examines city branding positioning through spatial centrality
and perceptual acceptance. This chapter applies combination of spatial design
network analysis and principal component analysis. The findings indicate a
disconnect between spatial centrality and city brand perception. Highly
central areas offer strong accessibility but weak perceptions in experience and
emotional attachment, while moderately central areas show higher levels of
comfort, safety, and willingness to stay.

Chapter 7 synthesizes the main findings of the study to explain satellite city
branding dynamics. This chapter discusses the results in relation to existing
literature and previous studies. The discussions confirm that satellite city
transformation is defined by functional roles and mobility interaction rather
than physical development. City brand vitality changes from activities, user
experience, and digital narratives, while high connectivity without emotional
and social meaning unable generate strong brand acceptance.

Chapter 8 concludes satellite city branding dynamics developed by spatial
transformation, city brand vitality, and user perceptions. This chapter
connects results and discussion with research hypothesis. Satellite city
branding is shaped by irregular urban transformation, fragmented vitality
patterns, and a mismatch between spatial centrality and public perception.
Spatial dimensions need urban experience and awareness to strengthen city

brand identity.
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Image denoising, as a core problem in computer vision and signal processing,
has long faced challenges such as the trade-off between noise suppression and
detail preservation, as well as limitations in algorithm adaptiveness and
computational efficiency. Focusing on typical noise scenarios such as
salt-and-pepper noise and Gaussian noise, this study conducts systematic
research from three dimensions: optimization of traditional filtering
algorithms, multi-feature fusion modeling, and innovation in deep learning
network architectures. A series of solutions with both theoretical originality
and practical engineering value are proposed.

The specific research is described below:

In Chapter 1, the research background and significance of image denoising
are presented, followed by an introduction to the current research status of
this field. Based on the limitations of existing methods, the main research
content of this thesis is outlined, along with the overall structure of the
dissertation.

In Chapter 2, the theories and techniques related to image denoising are
reviewed. The basic model of image noise is introduced first, followed by a
detailed analysis of the principles of the non-local means denoising algorithm
and deep convolutional neural network—based denoising methods.
Performance metrics for evaluating denoising algorithms and commonly used
image datasets are also presented.

In Chapter 3, a hybrid decision-making adaptive median filtering algorithm
with dual-window detection and PSO co-optimization is investigated. A
dual-window hierarchical noise detection mechanism is introduced to enhance
detection accuracy, followed by a hybrid filtering strategy based on local
statistics to balance noise suppression and detail preservation. The PSO
algorithm is incorporated for dynamic parameter optimization to eliminate
manual tuning. Comparative experiments on grayscale and color images are
then conducted to verify the superiority of the proposed method under
high-density salt-and-pepper noise.

In Chapter 4, a dual-kernel NLM image denoising algorithm based on
variable-size windows and multi-feature neighborhoods is studied. Image
structure tensor eigenvalues are used to classify image regions, and adaptive
search windows of different sizes are applied accordingly. Spatial
neighborhood features are combined with grayscale features to measure
similarity, and a Gaussian—Tukey dual-kernel function is designed for more

precise similarity weighting. The algorithm’s effectiveness is validated
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through comparative experiments, and the results are analyzed and
summarized.

In Chapter 5, a parallel image denoising network based on nonparametric
attention and multiscale feature fusion is explored. This chapter mainly
elaborated on the overall framework and detailed internal structural design of
the proposed denoising model. It focused on the structures of dense
connectivity and dilated convolution adopted by the model, introduced the
principle and implementation of the non-parametric attention mechanism,
and verified the effectiveness of the model structure, as well as conducted
comparisons with other algorithms through experimental analysis and
summarization.

In Chapter 6, the entire work of the thesis is summarized, and potential

directions for future research in the field of image denoising are discussed.
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This study aims to understand communication patterns and network
structures in waste bank management. This study conducted 3 studies in
examining the communication network at these 3 levels, with the research

location in Makassar City, Indonesia.

The first study was conducted on the waste bank unit (WBU) that had the
most productive performance, to see the communication network pattern that
occurred in the WBU so that it could survive and be productive until now. This
study also identified key actors in the WBU, as well as the level of network
density in the WBU studied. Data collection was conducted through
questionnaires which were then analyzed using social network analysis to
analyze the communication network within the WBU, and was conducted on
the 3 most productive WBUs in Makassar City, namely WBU-As, WBU-SR,
and WBU-LB. The results of the analysis showed that WBU-As had the best
network density value among the three WBUs, although the value was
relatively included in the low network density criteria. Network density can
be interpreted as the relationship between members of the waste bank is still
relatively rare and has not been maximally interconnected. The results of the
network centrality analysis showed that actor '"H' is the actor who is the
center of the WBU-SR network, actor 'FB' is the center of the WBU-As
network, and actor 'Ags' is the center of WBU-SR. This shows the ability of the
central actor to manage information from outside the network to the network
and vice versa. However, dependence on one actor in the network poses a

threat to network resilience if the central actor is hit by a crisis.

The second study aims to determine the structure of the communication
network between waste bank units (WBU). Specifically, this study attempts to
1identify the structural characteristics of the waste bank unit communication
network, determine the central actors who play an important role in the flow
of information, analyze connectivity patterns and their implications for
program effectiveness, and provide recommendations for strengthening the
waste bank communication network. This study was conducted in Makassar
City on 43 WBUs in this city, data was taken through a questionnaire, and
then analyzed using SNA. There are 3 findings in the study, first, the network
structure shows a network that is still relatively low, only 2.2% of the total

potential communication relationships are realized. This finding is relatively
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no different from the density of waste bank networks in developing countries.
Second, WBU-AS appears as a central actor in the WBU network. However, it
can be seen that the distribution of centrality in the network is not evenly
distributed, where WBU-AS appears as a central actor while most WBUs are
in peripheral positions with limited connections. Third, 2 other clusters were
formed in the network with WBU-PB and WBU-LB each as supporting central
actors. Fourth, it is necessary to further explore the factors causing many
WBUs to be in isolated positions in the WBU network. Because there is a
possibility that they build their own communication channels with parties
outside the network.

The third study aims to identify patterns of communication and
coordination relationships between stakeholders in waste bank management,
considering that the effectiveness of the waste management system is highly
dependent on stakeholder coordination and institutional arrangements. This
study was conducted in Makassar City on 33 waste bank stakeholders, both
from the government, private business, academy, NGO, media, state-owned
company, motivator organization and house representative. Data were
collected through questionnaires, and then analyzed using SNA. This study
provides 6 findings. First, the diversity of stakeholders involved in waste bank
management in Makassar City: waste bank units, government, private sector,
academics, NGOs, media, BUMN, motivators, and the DPR. Second, a
moderate network density of 0.140 indicates a level of realization of
relationships between stakeholders of 14% of the total potential relationships
between stakeholders, with relatively even interactions in the network. Third,
the waste bank unit is a central actor in the waste bank management network,
this is because the focus of the analysis is on the waste bank. However, if the
waste bank unit is ignored, then the government becomes a central actor in
the stakeholder network of waste bank management in Makassar City. Fourth,
agencies that focus on organic waste management occupy peripheral positions
in the network, this shows that organic waste has not been a concern in waste
bank management in the network of waste bank management stakeholders in
Makassar City. Fifth, government agencies have a dominant role in
exchanging information in the network of waste bank management
stakeholders in Makassar City, both in the form of scientific data, regulations,
funding opportunities, and waste management technology. Waste bank units
show a dominant role in exchanging information regarding the operational
management of waste banks, while NGOs show a dominant role in exchanging

information regarding activities. Sixth, face-to-face communication is the
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most popular communication channel used to exchange data and information

between stakeholders in waste bank management in Makassar City.

The fourth study, study aims to analyze the challenges, policy implications,
and resilience of waste banks through a qualitative study of the perceptions of
various stakeholders. Data collection was carried out by means of in-depth
interviews with 16 stakeholders who were willing to become research
participants, consisting of the government, waste bank community, private
business, NGO, and educational institution. The data was then analyzed
using the content analysis technique. The results of this study found four
general themes: challenges and barriers in waste bank implementation,
problems in coordination, potential for improvement, and resilience of waste
bank units. Low community participation, limited resources and facilities,
unstable markets, knowledge and awareness gaps, and geographical and
logistical challenges are challenges and barriers in waste bank
implementation; problems in coordination in waste bank implementation are
fragmented authority and responsibility, communication gaps, policy
inconsistencies, limited cross-sectoral collaboration, and informal vs. formal
sector coordination; potential for improvement in waste bank management,
are improved facilities, integrated stakeholder platforms, community
education and engagement programs, and policy harmonization; factors that
can make waste bank units resilient are diverse waste streams and revenue
sources, community engagement, supportive policy environment, and

technical and innovation capacity.
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Chapter 1 introduces the research background and identifies the practical
challenges faced by rural houses in hot-summer—cold-winter regions,
including high energy consumption, poor thermal comfort, and diverse
household behaviors. It clarifies the motivation for adopting household
patterns as the analytical entry point and highlights the gap in studies that
overlook behavioral differences. The chapter then outlines the study
objectives, such as establishing a behavior-driven bi-objective optimization
framework, and concludes by explaining the overall structure of the
dissertation.

Chapter 2 reviews existing research on building energy consumption,
thermal comfort, occupant behavior modeling, and multi-objective
optimization. It emphasizes that conventional studies tend to assume fixed
occupancy behavior, thereby failing to capture the variability observed in real
households. The chapter synthesizes current knowledge on envelope
technologies, behavior-related energy impacts, and optimization techniques.
Through this review, it identifies key research gaps and establishes the
theoretical basis for a household-pattern-driven approach.

Chapter 3 presents the methodological framework, combining household
behavior modeling, dynamic building energy simulation, and genetic
algorithm— based bi-objective optimization. It explains how survey data,
activity schedules, and appliance-use patterns are converted into dynamic
load inputs for simulation. The chapter outlines the simulation settings,
evaluation indicators, and workflow from data processing to optimization.
This methodological system ensures reproducibility and transparency across
the study.

Chapter 4 defines the parameters of three typical household patterns,
including occupancy density, daily activity rhythms, equipment power,
lighting usage, and space-use characteristics. It describes how these
behavioral inputs are constructed from field surveys and integrated into the
energy simulation model. The chapter also establishes the physical building
model, detailing envelope characteristics, material properties, and thermal
parameters of the rural dwelling. Together, the behavior and building models
provide the foundational input for optimization.

Chapter 5 describes the bi-objective optimization method, which
simultaneously minimizes electricity consumption and discomfort hours using
a genetic algorithm. It specifies key algorithmic settings such as population

size, crossover rate, mutation mechanism, and termination conditions. User
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weight assignment is incorporated to reflect household preferences between
comfort and energy savings. The chapter also defines the optimization
variable ranges, forming a complete computational optimization framework.

Chapter 6 analyzes the optimization outcomes for the three household
patterns by comparing baseline and Pareto-optimal performance across
energy and comfort dimensions. It reveals distinct optimization pathways for
each pattern, showing how structural improvements, solar gain control,
temperature settings, and internal loads interact differently across
households. Based on these findings, the chapter proposes differentiated
design strategies tailored to empty-nest, elder—child, and multi-generational
households. Sensitivity trends and parameter impacts are also summarized to
support practical retrofit decision-making.

Chapter 7 discusses the broader implications of the findings, arguing that
household behavior is a critical but often overlooked determinant of building
performance. It evaluates the strengths and limitations of the approach,
including data accuracy, model simplifications, and algorithmic constraints.
The chapter considers the policy and practical relevance of behavior-based
optimization and reflects on its potential to support precision-oriented rural
energy retrofits. It also highlights methodological insights for future
behavior—building interaction research.

Chapter 8 concludes the dissertation by summarizing the major findings
and confirming the central role of household patterns in shaping rural
residential energy and comfort outcomes. It reiterates the theoretical
innovations, methodological contributions, and empirical insights gained
through the study. The chapter also acknowledges limitations related to data
granularity, model realism, and climatic generalizability. Finally, it presents
future research directions, including dynamic behavior tracking, enhanced
building realism, broader climatic applications, and lifecycle-oriented

optimization.
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