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ABSTRACT

Connected construction is open communication between technologies. It is the most
advanced form of technology today in the field of construction. Currently, modeling
technology has been developed to help in understanding the design and building
management strategies and decisions. Although it has been very advanced, it still has
weaknesses in the shared system, as well as in building system products and stakeholders.
Automation technology creates reliable control in connected construction processes that
drive cost-efficiency. It process integrates building design, construction, and operations
and also integrates developers, construction players, and building system manufacturing
industries. This paper aims to present a concept of an automated support system that
allows automated design decisions and management as a control of the connected
construction. A Multi-Agent System (MAS) is applied to provide an appropriate
decentralized approach to the characteristics of fragmentation in construction. As the
result, the method covers 19 functionalities. The solution is more optimal and gives
efficiency and effectiveness to deal with changing circumstances and problem-solving
where data, expertise, and control are distributed.
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1. INTRODUCTION

Indonesia is one of the countries with the largest energy consumption growth rate in the
world. The increase in Indonesia's energy consumption in recent years has reached 7%
per year. Meeting this need requires systematic efforts. As a place for life activities,
buildings are places that absorb energy use, the second largest after industry. Saving
energy can be done starting with small things, including the concept of building design.
Research on energy-saving buildings has been very advanced and developed (Li CZ.
Et.al., 2022). The identified future research potentials include intelligent integration of
energy management and control systems as well as quantitative and qualitative analysis
of interactions in building energy-saving management.

Challenges and opportunities in building energy consumption are strongly influenced by
changes in current world environmental conditions (M. Torabi and M. Mahdavinejad,
2021), including rapid population growth, climate change, poverty and economic
vulnerability, and social problems including high migration flows which have
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implications for the provision of buildings, construction, and needs. Energy (M.
Santamouris and K. Vasilakopoulou, 2021). The biggest driver of consumption patterns
is global climate change (L. M. Campagna and F. Fiorito, 2022). which has an effect on
decreasing heating consumption, but increasing cooling consumption, which overall
drives consumption growth. Although current building design trends have benefited
greatly from energy accounting tools, recent studies have shown that there is a large
difference between the predicted and actual energy consumption of buildings (J. Kim
et.al., 2017).

1.1. Literature Review

There are three research focuses in the field of building energy, namely consumption,
efficiency, and conversion. Energy sources and developing technologies are renewable
energy Its applications are various, ranging from energy-saving to the use of local
materials (S.C. Capareda, 2020). Buildings as a forum for activities are a fairly large
contribution to energy use after industry and transportation, greater than commercial
activities. Energy savings in the building sector will have a considerable effect on the
energy load, as well as form a new lifestyle (AA Pasten C. and J. C. Santamarina, 2012).
Buildings in the form of various functions including residential, office commercial, retail
commercial, and forms of public facilities can be in the form of single buildings or
buildings with mixed functions that are connected. In the case of connected buildings, the
energy and management approach is much more complex but has greater opportunities
for the use of renewable energy sources (V. Olygay et.al.,2020). Buildings are the largest
energy consumption sector, accounting for 40% of total global consumption and an
equally important source of carbon emissions even in less developed areas, energy use in
buildings represents as much as 80% of total energy use (E. Delzendeh et.al., 2017). Thus,
predicting energy consumption becomes important in the design and construction of
buildings, from the initial design stage to the post-occupancy, operational, and demolition
phases of the building life cycle (M. Bemanian and M. Torabi, 2019).

Energy use is in the form of consumption, efficiency, and conversion in an integrated
manner for the entire area, starting from the design stage to managing use with each
stakeholder involved at each stage. Technology in the Architecture, Engineering,
Construction, and Facility (AECF) industry is one of the keys to success (V. Pereira et.al.,
2021). However, there are limitations to current technology, especially how the behavior
of users of energy sources and energy systems will collaborate and be integrated
automatically. Integration becomes an important role in the decision process support
systems are needed for the automation relationship between building energy systems (S.
Dutta, C. M. Hussain, 2020). Because it is directly related to the user, activities save not
only on the choice of residential design and technology but also on user behavior (A.
Paone and B. Jean-Philippe, 2018). Buildings in the form of individuals and areas are no
longer seen as individuals but as groups that influence each other.

This research is intended to prepare conceptual ideas for a support system that allows all
project actors to evaluate alternative solutions and collaborate with other parties, and
management as a control for independent building energy use. In this case, setting up a
complete approach and developing a framework for automated integration. The method
covers several scientific areas, namely design management, operations research, and
artificial intelligence. The agent system will provide a good approach to dealing with
distributed problems (J. Xie and C. C. Liu, 2017).
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The solution that will be produced by the agent system will be better, more economical,
safer, and optimal compared to using different software from each project actor. The
obvious benefits of using agent systems are computational efficiency and effectiveness in
the integration process to find the optimal solution and its ability to deal with changing
circumstances and problem-solving where data, expertise, and control are distributed (A.
Kumar et.al., 2020)., as well as the distribution of building energy systems, both passive
and active. which requires automatic control with adaptive scenarios in the sense of
exchanging and replacing each other.

1.2. Method

This conceptual idea is facilitated by the application of an agent system (A. Ghahramani
et.al., 2020) that will help reduce costs and increase the value of decisions in building
energy management. As an approach to increasing the value of energy use, this agent
system technology will bridge the theoretical gap in automated design. It is hoped that
the development of the algorithm in this research can be used as a support model for
building energy system integration that is not only independent but also productive as an
energy producer

The formulation of the research methodology is based on a research framework that aims
to develop residential energy self-control technology that is able to meet the collaboration
of all stakeholders including residential users at all stages of development from design to
operation. The background of the concept of thought and the formulation of the research
methodology was obtained through the synthesis of the results of a literature review and
the results of an exploratory study. Based on the results of the literature study, it is found
the potential for research development, so that research objectives can be formulated. To
achieve the research objectives, several stages of the process and activities in this research
consist of theoretical studies (literature studies), exploratory studies, confirmative studies,
verification studies, and model development.

The triangulation method is formulated in the research methodology because of the use
of qualitative and quantitative approaches through activities carried out simultaneously
(simultaneously) and sequentially (sequential). Activities carried out simultaneously
include verification studies and model development. All stages of research activities are
sequentiallndonesia is one of the countries with the largest energy consumption growth
rate in the world. The increase in Indonesia's energy consumption in recent years has
reached 7% per year. Meeting this need requires systematic efforts. As a place for life
activities, buildings are places that absorb energy use, the second largest after industry.
Saving energy can be done starting with small things, including the concept of building
design. Research on energy-saving buildings has been very advanced and developed (Li
CZ. Et.al., 2022). The identified future research potentials include intelligent integration
of energy management and control systems as well as quantitative and qualitative analysis
of interactions in building energy-saving management.

Challenges and opportunities in building energy consumption are strongly influenced by
changes in current world environmental conditions (M. Torabi and M. Mahdavinejad,
2021), including rapid population growth, climate change, poverty and economic
vulnerability, and social problems including high migration flows which have
implications for the provision of buildings, construction, and needs. energy (M.
Santamouris and K. Vasilakopoulou, 2021). The biggest driver of consumption patterns
is global climate change (L.M. Campagna and F. Fiorito, 2022). which has an effect on
decreasing heating consumption, but increasing cooling consumption, which overall
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drives consumption growth. Although current building design trends have benefited
greatly from energy accounting tools, recent studies have shown that there is a large
difference between the predicted and actual energy consumption of buildings (J. Kim
et.al., 2017).

2. RESULT AND DISCUSSION

Agent and multi-agent systems model the decentralized approach of building systems and
link fragmentation in connected construction. The agent system idea in construction
provides a new approach by producing higher quality and more economical solutions. An
intelligent agent (IA) is an independent knowledge-based system (k-b) capable of solving
certain problems and interacting with each other (G. Lai and K. Sycara, 2009). In a multi-
agent autonomous system representing a building's energy system, integration is a form
of interaction that allows groups of agents to reach an agreement on providing and
operating the building's energy-fulfilling objectives over time. Agents are autonomous
and their integration is automatic. For example, when passive energy follows the direction
of the sun and when it stops being replaced by active energy.

The potential benefits of agent systems include saving time and money, computational
efficiency for finding optimal results, and the ability to combine multiple strategies for
changing environments. The whole provides durability and efficiency. Its capabilities
enable problem-solving where there is the distribution of data, expertise, or control. The
agent system that is the idea is a very complex system, involving multiple parties and
technical solutions that are distributed in terms of layout and have different goals and
preferences. Based on this, there are four situations that allow the agent system to play a
role, namely: a. The problem domain is geographically distributed and heterogeneous; b.
Sub-systems change dynamically; c. The system is complex; d. Sub-systems need to
interact flexibly.

If the number of parties and technical solutions are involved, the wider the scope of the
idea. The establishment of alternative use of technical solutions and the development of
decision hierarchies in distributing functions to group agents will help the entire energy
system perform its functions. This computer-mediated process improves comprehension,
legibility, and objectivity. The system will provide additional functionality to negotiate a
common problem representation of all energy system agents. All agents have the same
goal (G = c0) but each has a set of activities. When there are considerations for alternative
uses of new energy, the agent proposes this alternative to the appropriate agency. The
need to provide a building's energy system design becomes more important throughout
the connected construction stages. A way is needed to calculate energy use for the
construction and operation of a building. Communication of alternative uses of energy
supply from the exchange of all alternatives. The process is automation when passive
energy provides, when active energy provides, and also when both go together. Figure 1
presents the product and people integration for the basic idea of building energy
automation systems in connected construction.
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In this paper, the conceptual idea consists of system goals, and functionality (Table 1),
and the scenario of the idea is introduced as follows:

i Passive energy agent

| Design Management

: O
. Negotiation + Negotiation
D
< Project Management > . 58 .
A
: * Coordinator Agent .
1 L 4 .
1
Passive energy agent : ‘ Jj Av'h Va % a
1
Negoiati A4 Negotiati JupSe "‘ pss pss ‘Combining
cgotialion o pss * cgotiation AZroud <4 = = = = Pprocess
. JA1sseq Negotiation support agent

*
Coordinator Agent #
L 4

.
’0 ¥ AV-R- AN % ‘
o Negotiation 1oge " Dss DSS ‘Combining

1
. Sious
i <4 = = = = =Pprocess
QAISSEq
1

Passive energy agent

’d%#b

Negotiation

. A
Coordinator Agent ®

L 2 DY 1
s AT
eSe ¥  DSS Dss W g':<

Negotiation support —agent

IS 'Combinin, Property Management, Asset, Facilities
AZ1ou0 < = = = = =Pprocess

QAISSBg

Negotiation support —agent !
Operation and Maintenance

Stage

Design Stage Construction Stage

Figurel Building energy automation system in connected construction

2.1. Goal Specification

The Goal Specification is to develop an automated system for building energy system
selection. This system will offer an evaluation system for technical solutions, and
elicitation preference of stakeholders, a system to analyze Pareto optimum payoff, a
system to determine the best-fit technical solution option a system to accommodate trade-
off analysis. Systems must facilitate personalization and are integrative, fast, and reliable
at all stages of the building's energy use process every day of the week and throughout
the year. The system should have valid information and be better than other methods in
practice and gives better satisfaction.

2.2. System Goals and Functionalities

Table 1 The functionality of the conceptual idea

No Functionalities Contents Goals
1 Online interactions Obtains user input and presents ~ Geographically
information distributed negotiation
process
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2 Individual-Group
information

Receive individual stakeholder
input and present group
information

Receive and send
individual and group
information

3 Building system
products information

Finds and updates product
specification database and
finds and updates product price
database

Technical solution
information online

4 Basic Value of
technical solution

Provide the basic value of
product building system

Evaluation of technical
solution options

products
5 Function database Provide a database of technical  Interactive discovering
management solution functions and find function

basic function

6 Creativity in building
system function

The interactive discovering
function; opens diagrams and
lines of communication; and
why-how logic thinking

Function analysis system
technique

7 Life cycle cost

Calculation of life cycle cost

Life cycle cost analysis

calculation and provides sensitivity
8 Individual Provide pair-wise comparison  Elicitation Preferences of
preferences input, and provides refining stakeholders

input as consistency

9 Knowledge
management

Storing historical preferences
from the past, and suggestions
of preference from the past

Historical preferences
and interactive
consistency

10 Value of Pareto
Payoff Optimum

Calculates Pareto payoff
optimum for function;
calculates Pareto payoff
optimum for cost; and provides
coalition formation
information1

Pareto payoff optimum
for each coalition

11 Best-Fit center

Calculates best-fit options and

Best fit of technical

information interactive best-fit solution options
information1
12 Trade-off and value Accommodate trade-off Accommodating trade-
change analysis off analysis

13 Welcoming

Provide personalized welcome

Personalized welcoming

14 Profile monitor

Provide personalized
recommendations and user
option

Decisions are based on
stakeholder profile

15 Negotiation process
monitor

Provide building system
selection options menu;
provides negotiation process
information; provides
anonymous negotiation result

Information is available
about all processes in
negotiation

16 Group coordination
management

Arrange supply decision result,
provides an estimate for
negotiation result, tracks trade-
off problems; and have
scenario stakeholder
characteristics

Anonymous negotiation
results such as opt-out,
reject, accept, stop, and a
new round
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17 Agreement Provide full information on Accepted best-fit option
management best-fit options and comparison
result
18 Validation Provide a similarity index and  Similarity index
a comparison result information
19  Deadlock Options to change preference Satisfy all stakeholder
management and provide deadlock
anticipations

2.3. Scenario

Five scenarios will be developed, which are: opt-out scenario, group selfish scenario,
group coordinator scenario, group hierarchical scenario, and scenario for deadlock. The
opt-out scenario illustrates what happens when a stakeholder decides to opt-out.
Information is obtained from agreement management and the trigger is opt-out options.
A major decision to be made is which agent types should exist by grouping functionality
into agent types (L. Padgham and M. Winikoff, 2004). One or more functions for each
agent. Once a grouping is selected, each agent type is described through an agent
annotation list. The process consists of two stages, namely (1) refinement of the agent in
terms of its capabilities, providing agents with diagrammatic descriptions and capability
descriptors, and (2) development of specifications for the function process of each
building energy system agent.

3. CONCLUSION

The conceptual idea is based on the need to integrate the building's energy system
automation to carry out its functions. Multi-agent systems provide opportunities for
coordination, communication, and collaboration between agents of building energy
technology solutions. Goal specifications, functionality, and scenarios of a multi-agent
system are presented as an initial idea that allows an agent system to be built.
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