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Indonesia tsunami early warning system (Ina TEWS) is used for detecting
earthquakes and tsunamis. The system currently is still under development
and the government really needs information regarding the technological
capabilities of the system in order to provide protection to the community
from the threat of tsunamis and earthquakes. To produce the system and its
components on an industrial scale, it is important to assess the extent of
performance and readiness for technological development. The assessment
used the technometric method which groups technological components into
technoware, humanware, infoware, and orgaware, integrated with analytic
hierarchy process. The results showed that the highest technology
component contribution is technoware, and the lowest is infoware. Based on
the magnitude of the contribution of technology components and intensity of
technology, the priority order is technoware, humanware, orgaware, and
infoware. The technology contribution coefficient is 0.522 (Good). The
technology level is semi modern. Infoware is the lowest technological
component, therefore improvement efforts are needed, namely structuring an
integrated document system and improving standard operating procedures
for manufacturing operational activities, especially in the testing and data
validation.
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1. INTRODUCTION

Indonesia's geographical location in the Southeast Asia region is very vulnerable to earthquakes and
tsunamis because it is on three tectonic layers, namely: Indo-Australia, Eurasia, and the Pacific. Indonesia’s
territory is also surrounded by the Indian Ocean and the Pacific Ocean, and also has many active volcanoes.
The occurrence of an underwater earthquake due to the movement of those tectonic layers has the potential to
cause tsunamis. In Indonesia, there was a very powerful earthquake measuring 9.3 on the Richter scale in
Aceh province in December 2004 which was caused by seismic activity in the Indian Ocean [1]. In
September 2018, there was another large earthquake measuring 7.4 on the Richter scale which triggered a
tsunami and liquefaction in the cities of Palu and Donggala, in Central Sulawesi Province [2]. In December
2018, Mount Krakatoa erupted, triggering tsunami waves in the Sunda Strait [3].

The extraordinary natural disasters result in loss of life, environmental and infrastructure damage, and
psychological impacts. This is very urgent for the Indonesian government to build an early warning system to
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detect earthquakes and tsunamis. Therefore, a thorough emergency planning policy is needed to deal with
various threats of natural disasters and emergencies such as earthquakes, volcanic eruptions and tsunami [4].

This government policy is strengthened through Presidential Regulation no. 93 of the year 2019
concerning the strengthening and development of earthquake and tsunami early warning information systems
to build a tsunami early detection system as well as placing equipment between estimated tsunami sources
and coastal communities that are vulnerable to being affected by tsunamis [5]. The agency for the assessment
and application of technology (BPPT) was appointed to develop a tsunami early warning system next called
Indonesia tsunami early warning system (Ina TEWS) [6]. Now, BPPT is one of the research institutions that
has been merged into a research organization under the National Research and Innovation Agency (BRIN).
Ina TEWS is Indonesia's early warning system for detecting earthquakes and tsunamis [7]. In 2019, a pilot
project system trial was conducted to see the product quality test and ensure its function meets standards at
four points, including Bali, Malang, Cilacap, and the Sunda Strait.

The Ina TEWS system combines satellite and terrestrial communication networks, to support real-
time data communication between the control center and warning sirens. There are three types of Ina TEWS
technology, including: Ina Buoy, Ina cable based tsunameter (Ina CBT) and Ina coastal acoustic tomography
(Ina CAT) [8]. Ina CBT is a tsunami detection technology based on submarine cables equipped with sensors
to measure extreme changes in sea pressure, which indicate tsunamis. The sensor will then send data via
satellite to the tsunami monitoring center. The process of making Ina CBT facilities requires a very expensive
investment compared to Buoy. Due to urgent needs, Buoy-based Ina TEWS is a more feasible choice to be
built in the short term while preparing to develop a cable-based tsunami early detection system at the next
stage. Ina TEWS consists of two parts, namely the surface Buoy and ocean bottom unit (OBU) [9]. The OBU
component is tasked with detecting changes in water pressure during a tsunami through pressure sensor
technology. This equipment is installed near the estimated potential tsunami sources in the middle of the sea,
so that when a tsunami occurs, it can be identified quickly. Shortly after detecting a potential tsunami,
indicated by a sudden change in seawater pressure, the sensor will send data notifications as an early warning
sign via the underwater acoustic modem to the Buoy, which floats above the sea surface [10]. The Buoy
component also detects and measures conditions for changes in sea level rise and fall that can potentially
cause a tsunami. Next, Buoy immediately sends data from the OBU via satellite communication to the read
down station (RDS) tsunami monitoring control center. The analysis results from monitoring on the seabed
are immediately sent to the decision support system (DSS) at Meteorological, Climatological, and Geophysical
Agency (BMKG). This DSS system will integrate all monitoring data and information originating from system
devices such as buoys, seismographs, tide gauges, global position system (GPS), and also simulation systems
from tsunami databases and geospatial data [11]. If the data has the potential to cause a tsunami, then BMKG
will issue tsunami warning information to the public. BMKG is the focal point tasked with coordinating the
handling of earthquake and tsunami disasters [12].

The development of early warning systems currently adopts various technological advances
including artificial intelligence (Al), machine learning (ML), internet of things (loT), GPS sensors to
accelerate data transmission and detect risks if damage occurs [13]. In the industrial era 4.0, a part from being
a tsunami monitoring and observation system, Ina TEWS can be used more widely such as navigation,
telecommunications facilities and meteorological monitoring. The development of Ina TEWS technology
design based on science and research is adjusted to the character of earthquakes and tsunamis and
geographical conditions in Indonesia.

In addition to Indonesia, Japan is also a country prone to earthquakes and tsunamis. Japan has
implemented a better system and has succeeded in developing sophisticated earthquake early warning (EEW)
technology [14]. This EEW technology is able to detect early vibrations generated by earthquakes, conduct
rapid analysis, and send earthquake warning information in a short time of less than 20 seconds. During this
period, the community is expected to be able to take evacuation measures or protect themselves, which
ultimately minimizes the risk of damage and loss of life. Meanwhile, Ina TEWS technology is still not as fast
as EEW information because it is still constrained by many technical matters such as the availability of
infrastructure technology, semiconductors, sensor technology, and finance. However, the development of Ina
TEWS continues to be carried out to meet important needs as a tsunami disaster mitigation program in
Indonesia. Improvement of technology with a shorter detection flow is a priority and needs to be taken
seriously in addition to implementing mitigation and socialization regarding Indonesia's earthquake-prone
conditions.

Currently, Ina TEWS is in the research development stage on a pilot plant scale. In the product
development stage, there is a process of design maturity and control of the industrial manufacturing process.
To support the production process and mechanical design development, the most essential component needs
such as batteries, global position system, acoustic modem, transducer, bottom pressure recorder and other
supports still depend on imports obtained from a foreign supplier because there is no domestic electronics
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industry capable of meeting these needs [15]. Ina TEWS technology includes high technology and high
capital. This has an impact on low manufactured local content levels and low industrial competitiveness.

The potential need for Ina TEWS is quite urgent in supporting Indonesia’s tsunami disaster
mitigation program [16]. The Government of Indonesia really needs information regarding the technological
capabilities and performance of the system in order to provide protection to the community from the threat of
tsunamis and earthquakes. For this reason, Ina TEWS needs to be analyzed in order to be able to move
towards the product development stage with achievements directed at the industrial production scale. As an
effort to encourage industrialization of domestic production, it is necessary to identify, observe, and measure
the extent of readiness for technological development.

For this reason, research is needed that can explain and assess technology and things that need to be
prioritized immediately to support future technological progress, such as product quality related to durability
tests and risk of damage, facility and infrastructure needs, human resource capabilities, availability of data
and information; so that it becomes a collection of scientific data as a guide and a critical stage in the process
of transferring cutting-edge technology. The results of the recommendations become strategic planning
direction to determine development steps through better utilization of Ina TEWS technology and updating
technology management, operations management, and technology-based human resources management. It is
expected that the proper use of technology can optimize the potential of domestic industry to help accelerate
the growth of the manufacturing sector and increase its competitiveness.

This article is structured as follows: section 1 presents the introduction. Section 2 explains the series of
performance assessments of technology components using the technometric method which includes the degree
of sophistication, state of the art of technology, and contribution of technology components. The intensity
values of technological components are determined using the analytical hierarchy process (AHP) approach,
serving as a basis for additional calculations to obtain technology contribution coefficient (TCC) values. Section
3 presents the application of a combination of technometric and AHP methods to determine the level or status of
the TCC value. Finally, Section 4 presents the overall conclusions and recommendations for improving the
development of Ina TEWS.

2. METHOD

The application of technology is an important element in efforts to improve industrial performance
so that it can develop and compete. One way to discover technological capabilities is to understand the
performance of the technology. Technological performance can be enhanced by improving the performance
of each technological component. Performance analysis includes identifying factors that can encourage or
hinder performance and then recommending innovations based on the problems.

To determine the degree of technological content, it is therefore required to conduct both qualitative
and quantitative examination, analyzing and mapping the extent of technological strengths and weaknesses
using an integration approach of two methods: technometric (THIO) and AHP. The technometric method was
developed by The United Nations Economic and Social Commission for Asia and the Pacific (UN-ESCAP)
[17]. Technometric or THIO is used to measure the combined contribution of the four components of
technology: technoware, humanware, infoware, and orgaware [18]. The combination of technology
components determines the results of technology performance [19].

The form of integration of the four components of technology is that the development and control of
technoware is carried out by humanware based on data and information sources from infoware. Meanwhile,
the relationship between the three components is regulated and controlled by orgaware. The combination
relationship between technology components is presented in Figure 1.

Technoware is technical devices or production equipment includes equipment, supplies, machines,
capital and other physical infrastructure. Humanware is production resources from the workforce includes
abilities, education, skills, policies, creativity, knowledge and expertise in managing and utilizing technology.
Infoware is information or documentation related to procedures, techniques, methods, product design
specifications, observations, and relationships. Orgaware is the organizational and regulatory tools needed to
reward experts panel, human resource capabilities, and information devices that includes management
practices, linkages and organizational arrangements [20]. The value of technological sophistication and the
state of the art in four different technology components is determined using qualitative data. Technometric
model equations are utilized to derive the contribution value of technical components from quantitative data.
Meanwhile, the contribution intensity value of technology components is measured using the AHP method.
AHP is a decision-making model to help formulate a priority from various options using several criteria or
multi criteria. The selection of priorities is done with a logical and structured procedure. The AHP method
relies on the opinions of experts with strategic roles and deep knowledge of the research field for determining
technology component development priorities can be known [21].
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Primary and secondary data collection methods are done by direct field observation to validate the
data, discussions and interviews with experts panel (head of project, chief engineer, program manager, group
leaders, leaders, and engineers). Meanwhile, the AHP questionnaire instrument was used to collect data on
the intensity of the contribution of technological components. In addition, this process is also supported by
obtaining secondary data from internal documents, literature such as books, journals, research reports, and
government policies related to disaster mitigation and disaster technology in Indonesia.

The novelty of this study is the integration of two methodologies and data analysis, namely
technometrics and AHP to assess the development of Ina TEWS technology which is expected to obtain a
priority list of technology components that can be improved. In addition, the results of the mapping of the
identification of strengths and weaknesses related to the product and process can be used as an initial
reference in evaluating and improving the device and as a basis for policy making for stakeholders in this
case the government as a regulator and facilitator. There are five stages in assessing technology performance
as shown in Figure 2, namely [22]: i) Estimating of the level of sophistication of technological components
(degree of sophistication), ii) Determining state of the art of technological components (state of the art),
iii) Determining the contribution of technological components (contribution of technological component),
iv) Determining the intensity of component contribution (intensity of importance), and v) Determining the
technology contribution coefficient (technology contribution coefficient).

Figure 1. The component of technology
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Figure 2. Flowchart for assessing the contribution of technology components
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2.1. Degree of sophistication

To assess the estimated level of technological sophistication, UN-ESCAP has established a table that
can be used as a reference for the criteria for determining the lower limit (LL) and upper limit (UL), shown in
Table 1. LL is the minimum level required, and UL is the maximum possible level for the technology
component [23]. The level of technological components is measured using a qualitative assessment range
(score 1-9). These values are used to determine the contribution value of each technological component.

Table 1. Degree of sophistication of technological components

Level of sophistication Lower Middle Upper

Technoware Humanware Infoware Orgaware limit (LL)  limit  limit (UL)
Manual facilities Operating abilities Familianzing facts Striving framework 1 2 3
Power facilities Setting-up abilities Describing facts Tie-up framework 2 3 4
General purpose facilities  Repairing abilities Specifying fact Venturing frameworks 3 4 5
Special purpose facilities Reproducing abilities Utilizing facts Protecting framework 4 5 6
Automatic facilities Adaptation abilities Comprehending facts ~ Stabling frameworks 5 6 7
Computerized facilities  Improving abilities Generalizing facts  Prospecting framework 6 7 8
Integrated facilities Innovation abilities Assessing facts Leading frameworks 7 8 9

2.2. State of the art

State of the art assesses the complexity level of each technology component [24]. This evaluation
requires in-deep understanding of the technical aspects of performance specifications and input from
technicians and specialists familiar with operational aspects. Determination of value is based on the results of
identifying conditions in the field and interviews. State of the art is a description of the company's current
condition based on a reference score from the criteria provided. The state-of-the-art assessment is as (1):

S =2 [k k=123, kt )

10L k¢

where, S is state of the art, t;, is criterion value of the k technology component, and k; is number of
technology component criteria variables. The questionnaire is based on UN-ESCAP to assess each
technology component through its operational activities. State of the art assessment starts by determining
assessment indicators, where each indicator is given a scale range (0-10), where 0 (0) is the minimum and 10
is the maximum specification. If the assessment is not stated in the reference, then we interpolate the upper
and lower values.

2.3. The contribution of technological components

The contribution of technological components uses Values derived from evaluating the level of
sophistication and State of the Art ranking are used to calculate the contribution of technological components
[25]. By providing a value contribution to each technology component, it will help organizations obtain an
overview of existing technology. To obtain the contribution value of technology components, the formula is used:

T = 1/9[LT + ST(UT — LT)] @)
H = 1/9[LH + SH(UH — LH)] 3)
I=1/9[LI + SI(UI — LI)] (4)
0 = 1/9[LO + SO(UO — LO)] (5)

where, LT, LH, LI, LO = Lower limit of technology components (T, H,1,0); UT,UH,UI,UO = Upper limit of
technology components (T, H, I, 0); and ST, SH, S1, S0 = State of the art technology components (T, H, I, 0).

2.4. Determining the intensity of component contribution (f)

The contribution intensity of the technological component () determines the scale of importance for
obtaining priority as an effort to increase technological capabilities. This data is processed using expert
choice software, a decision support system application that helps in making decisions based on multiple
criteria and evaluates alternatives using the AHP method [26]. With expert choice, hierarchical diagram
results and the weighting values of the criteria will be obtained. The priority of each technology component is
selected by considering the weight of the criteria and alternatives and adjusting them to the goals and
interests the organization had to achieve [27]. The preference scale used is a scale of one which indicates the
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lowest level or equally importance to a scale of nine which indicates the highest level or extremely
importance.

2.5. Technology contribution coefficient

Technology contribution coefficient (TCC) is a method that aims to measure the contribution of four
technological components: technoware, humanware, infoware, and orgaware. The TCC result is the sum of
the multiplication of intensity and contribution to each technology component [28]. TCC values can be
categorized based on qualitative assessment of TCC interval and technology level presented in Table 2.

TCC = TPt x HP" x [Pt x 0F° (6)

where TCC is technology contribution coefficient; T, H, I, O is contribution of technological components; and
Bt, Bh, Bi, Bo is contribution intensity of technology components. The TCC value illustrates the magnitude of
contribution of technology in creating added value in an industry. The TCC value is in the range of 0.0-1.0.
The results of the analysis can be used to make recommendations to determine better strategies for improving
Ina TEWS technology in the future.

Table 2. TCC’s level of technology

TCC Classification  Technology level
0.0<TCC<0.1 Very low Traditional
0.1<TCC<0.3 Low
0.3<TCC<0.5 Moderate Semi modern
0.5<TCC<0.7 Good
0.7<TCC<9.0 Very good Modern
09<TCC<1.0 Excellent

3. RESULTS AND DISCUSSION
3.1. Degree of sophistication (estimation of technology components sophistication level)

The LL and LL of each technological component are used to calculate the Ina TEWS system's degree
of sophistication. Data collection for the level of sophistication of technology components was carried out
through qualitative observations, in-depth interviews to collect information relevant to the use of technology.
The estimation of each technology component must be determined by the UL and LL. The level of
sophistication of each technological component is shown in Table 3. The four-dimensional model as shown in
Figure 3 has been developed to describe the level of sophistication of Ina TEWS.

Table 3. Estimation of technology components sophistication level

Technology Information Level of LL ML UL

component sophistication

Technoware Design and production facilities are already available for the development of Ina Special purpose 4 5 6
TEWS. However, the production facilities are still in the R&D stage and do not yet facilities

meet industrialization standards.
The lack of a supporting industrial supply chain for raw materials and imports are the
reasons for the unpreparedness for mass production.
The production process is mainly mechanical. But it is not ready for mass production
because there is no supporting industrial supply chain that can prepare raw materials
and currently it depends on imports
Humanware  Human resources have experience in participating in transfer of technology activities ~ Reproducing 4 5 6
related to the development of Ina TEWS. abilities
There are technical advisory activities including technical discussions on the results of
modifications and manufacturing designs.
Human resources have experience in participating in transfer of technology activities
related to the development of Ina TEWS.
There are technical advisory activities including technical discussions on the results of
modifications and manufacturing designs.
Infoware The work culture currently lacks standardized instructions for various activities from  Specifying fact 3 4 5
operational stages, maintenance to device handling during production system
integration, engineering design, and testing.
The information process is still manual, leading to less effective use of company
facilities. For monthly demand data there are only production records which are
processed manually by engineers.
Orgaware Management builds communication and partnerships with local industries Venturing 3 4 5
There is currently no policy to allocate funds for improving product quality. Ina TEWS  frameworks
development still depends on the state revenue and expenditure budget (APBN).
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Figure 3. Degrees of sophistication of Ina TEWS in four dimensions

Table 3 and Figure 3 show the approximate position of each technology component. Technoware at the
level of special purpose facilities (LL = 4, UL = 6) from the highest level (integrated facilities). Humanware at
the level of reproducing ability (LL = 4, UL = 6) from the highest level (ability to innovate). Infoware at the
level of determining facts (LL = 3, UL = 5) from the highest level (assessing facts). Orgaware at the level of
venturing framework (LL = 3,UL = 5) from the highest level (leading frameworks). It can be seen that the
higher the level of technological sophistication and the further away from the midpoint, the greater the
sophistication of the technological components. If all technological components are enhanced simultaneously,
the technology developed will be more sustainable. Based on the in-depth interview with the experts panel, the
following section describe degree of sophistication of each technological component.

3.1.1. Degree of sophistication of technoware

The sophistication level of technoware components is estimated in the special purpose facilities
classification, which is currently only used specifically for equipment in the development of Ina TEWS. The
important things to consider in choosing the Special Purpose Facilities classification are:

— Most of the machines in the production unit are still mechanical and have not yet moved towards an
automation system.

— Most of the machines in the production unit are still mechanical and have not yet moved towards an
automation system. Therefore, control of the machines is still fully carried out by educated and
experienced engineers who have high skills in operating machine devices.

— The need for component materials as much as 90% is still in the form of imported components from
Wuhan (China) so that technology is still very dependent on supplies from abroad. This is because the
supporting industry for domestic component suppliers has not been able to provide the needs of Ina
TEWS. For example: when the need for batteries can be provided by the local industry, this will have an
impact on the high percentage of domestic component level (TKDN) calculations.

— The technology performance testing process has used modern machine facility equipment such as
ultraviolet-visible Spectro photometer for ultraviolet testing, calculating material structure fabrication
using computer numerical control (CNC) machines, using universal testing machines to test material
strength as well as controlling and testing material structures using radiography or x-ray systems.

— Production and storage facilities for raw materials do not yet use industrial standards. Many of the work
processes are still manual because the equipment used is not yet intended for mass production needs.

— Currently, Ina TEWS facilities for production, engineering design, testing, to material storage are only for
research development activities, and have not yet reached industry standards. The raw materials used are
imported from foreign countries (China and the United State)

3.1.2. Degree of sophistication of humanware
The sophistication level of humanware components is estimated in the reproducing abilities
classification, namely the ability to manage or reproduce equipment. Engineers are able to manage the
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devices used so that they can operate more optimally. Although most components are imported from abroad

(China and USA), there are no additional devices as a result of modifications or upgrades to existing systems.

The important things that are considered in the reproducing abilities classification are:

— The expertise of engineers has reached the level of device setting, component assembling to obtain
quality improvements in terms of materials, and device construction to the prototype finishing stage.
Engineers also have the ability to conduct quality assessments in the form of checking and testing through
standard control of shape, dimensions, and other parameters.

— Engineers have participated in training of trainers (ToT) programs abroad but are not updated regularly.
Technical advisory activities include technical discussions on the results of modifications and
manufacturing designs of Ina TEWS. Currently, only a few know and master the electrical system and
operational system of Ina TEWS.

— The availability of personnel to handle testing is still insufficient, so many engineers are working on
various tasks. Therefore, there needs to be a clear division of tasks and responsibilities according to
competence, qualifications and experience proven by certification.

— In addition, experts are still needed who are able to provide direction on the design of models and data
integration systems so that the minimum level of material inventory required can be estimated more
precisely and make the process of ordering resources and implementing supply chain models more
efficient.

— The number of human resources in the operational section is partly outsourced. This shortage is caused by
the process of transferring personnel between technical work units or those who are on study assignments.

— Professional skills are not yet fully evenly distributed, so there needs to be strengthening of the
capabilities of technical personnel before entering industrial-scale work.

3.1.3. Degree of sophistication of infoware

The sophistication level of infoware components is estimated into the specifying fact classification,
which means that the work activities carried out by following previous habits without referring to supporting
documents as a guide in understanding the history of the machine's work. Engineers have not yet become
accustomed to the work culture of having standard instructions, both operational, maintenance to handling
related to machinery both during system integration, engineering design, testing, and other activities. the
engineering process for the tsunami buoy, including: the electronics and communication system integration
section is responsible for integrating the Buoy; the electronics and communication systems engineering
section is responsible for handling the design, construction and installation of the electronics and
communications system; the power supply engineering section is responsible for handling the design,
construction and installation of the power supply system; the electronics system validation section is
responsible for handling the testing of the Buoy's electronics system functions; the technology and regulation
study section is responsible for handling the study of future technology and regulations.

Based on the assessment results, the infoware aspect is still a supporting component in operational
management and has not been a concern for management for the development of Ina TEWS. Therefore, it is
necessary to immediately build an integrated information system application to support manufacturing
operational activities as the main supporting tool for the system in each sub-organization to determine the
results of the organization's performance value itself. One effort to survive and improve product quality is to
create good technology management.

3.1.4. Degree of sophistication of orgaware
The sophistication level of orgaware components is estimated to be in the venturing framework
classification. Currently, the Ina TEWS production facility is still limited to research activities and has not
yet reached industrialization standards. The implementation of mass production is not yet ready to be carried
out as an industry in a long production cycle, because there is no supporting industrial supply chain that can
prepare raw materials and is currently still very dependent on imported components. In addition, a business
partnership has also been built with the PT. PAL (state-owned enterprise industry) to explore the
development of the Ina TEWS industry, namely those related to efforts to produce domestically made Buoys.
The important things to consider when choosing the Venturing Framework classification are:
— The organization is already able to make and deploy its own Ina TEWS products, but the organization is
not ready to carry out procurement with a long production cycle.
— The organization has not implemented a quality control and quality assurance unit that is responsible for
supervising each stage of the process to ensure product quality, product standards, processes, and
procedures at each stage.
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— Reorganizations often occur so that there are no professional managers who specifically master Ina
TEWS products.

3.2. State of the art
3.2.1. State of the art of technoware

The result of the accumulated criteria in technoware is 62 with a total of 11 criteria, so the state-of-
the-art value of technoware is 0.563, as shown in Figure 4. The technoware criteria average assessment is
5.63, indicates that equipment types, machinery, and infrastructure have supported manufacturing
engineering activities. There are indicators that need to be considered (<5), namely the physical location for
product development, lab conditions or production process units, device capabilities, monitoring of each
device activity, frequency of care and maintenance, and operational disruptions at Ina TEWS.

This condition shows that manufacturing development activities are still ineffective. The scattered
physical location of equipment is affecting productivity. Procedures for structuring facilities are needed to
increase production efficiency and safety, therefore the smooth production process, testing, engineering
design, and material storage. Increased supervision, regulation reinforcement, and training can minimize
negative potential. The completeness and functionality of machines and equipment are crucial for the
manufacturing process. The monitoring schedule and maintenance frequency need improvement.
Maintenance plays a vital role in ensuring the smoothness and stability of production activities.

State of the art of technoware= 0.563

Type of device used Assessment accumulative totals:

. WorkShop Conditions
The type of process appliedg 8 1 / roductlijon rocess
"9 P P (7+44+44+54+64+5+6+5+5+7+7) =62
Device validity capability 4 Location for product
(no errors) & ¢ y development Technoware component criteria = 11
2 ® Score average = 62/11 = 5.63
Disruption occurs during o' ® 5 Device convenienc  State of the art technoware is:
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Figure 4. State of the art of technoware

3.2.2. State of the art of humanware

The result of the accumulated criteria in humanware is 44 with a total of 9 criteria, so the state-of-
the-art value of humanware is 0.488, as shown in Figure 5. The humanware criteria average assessment is
4.88, indicating a need for attention as it is below the average (<5). There is a lack of training, teamwork,
managerial, and innovation, especially in design and technology. This is related to the support level of
professionalism human resources, creative and innovative especially innovation in design and technology.

State of the art of humanware= 0.488

Level of innovation in
solving problems

Assessment accumulative totals:

10 . i
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Figure 5. State of the art of humanware
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For the reason, A comprehensive strategy is needed, including motivation, training, expertise
certification, and the sharing of best practices. So, engineers do not just focus on assembling components, but
also contribute to moving the product value chain higher. Engineers also think about how to continue
operating equipment by prioritizing effectiveness and efficiency in work. Highly competent human resources
are one of the factors that increases the productivity of organizational performance.

3.2.3. State of the art of infoware

The result of the accumulated criteria in infoware is 41 with a total of 9 criteria, so the state-of-the-
art value of infoware is 0.455, as shown in Figure 6. The infoware criteria average assessment is 4.55,
indicating a need for attention as it is below the average (<5). Specifically, there is a lack of technical
guidance documents for device management, minimal availability of logbooks or technical document notes
for improvements, minimal or no integrated information system, and no standard procedures for
communication with each technical unit.

State of the art of infoware= 0.455

Documents and Assessment accumulative totals
information in the
machine
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Figure 6. State of the art of infoware

To improve information services, a strategic decision-making policy must be implemented and use
the information system outlined in the strategic plan. This allows for continuous monitoring, assessment, and
evaluation. The focus is on equipment, consumables, spare parts, workshop tools, and equipment supplies.
The documentation logbook serves as a tool for periodic performance assessment, covering processes,
activities, and constraints like cost requirements. It helps identify potential problems. Additionally, it
facilitates quick dissemination of information from management to all employees, including efforts to
achieve the company's vision and mission.

3.2.4. State of the art of orgaware

The result of the accumulated criteria in orgaware is 38 with a total of 8 criteria, so the state-of-
the-art value of orgaware is 0.475, as shown in Figure 7. The orgaware criteria average assessment is 4.75,
indicating a need for attention as it is below the average (<5) namely the organization's ability to adapt to a
changing business environment and according to external demands. Also, the organization's ability to
receive support from outside resources. This shows that there is still a lack of effort to adapt to the
business environment and external demands of the organization. The organization should focus on
adapting to a changing business environment and external demands, as well as receiving support from
external resources.

Management is working to maintain a conducive organizational climate for improvement and
increased productivity. It is important to maintain good partnerships with suppliers, businesses, academics,
and government regulators to inspire creative and innovative ideas. Additionally, the organization needs to
provide the right equipment and support to engineers for expressing creative ideas in the form of innovative
behavior.
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State of the art of orgaware= 0.475
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Figure 7. State of the art of orgaware

3.3. The contribution of technological components

The purpose of determining the contribution of technology components is to find out how much
each technology component contributes. The calculations are presented as:
Technoware contribution: T = 1/9[4 + 0.563(6-4)] = 0.569
Humanware contribution: H = 1/9[4 + 0.488(6-4)] = 0.552
Infoware contribution: / = 1/9[3 + 0.455(5-3)] = 0.432
— Orgaware contribution: O = 1/9[3 + 0.475(5-3)] = 0.439
Table 4 presents the results of assessing the contribution of technology components. It can be seen that the
highest contribution of technology components is technoware, and the lowest is infoware. The technoware
(T=0.569), followed by the humanware (H=0.552), and the orgaware (0=0.439), and the lowest is the
infoware (1=0.432). According to the priority order, the contribution value of the technology components is:
(T>H>0>1).

Table 4. Determination of the contribution of technological components

Technology component Sophistication level Lower limit (LL) Upper limit (UL)  State of the art  Contribution
Technoware (T) Special purpose facilities 4 6 0.563 0.569
Humanware (H) Reproducing abilities 4 6 0.488 0.552

Infoware (1) Specifying fact framework 3 5 0.455 0.432
Orgaware (O) Venturing framework 3 5 0.475 0.439

3.4. Intensity of technology components contribution (f)

The organization uses the AHP method and expert choice to determine priorities and improve
product quality by creating a hierarchical structure to simplify decision-making and using expert choice to
assist in making decisions with multiple criteria. There are seven criteria that influence technology
development: research and development (R&D), financial, raw materials, policies and regulations,
technology transfer, industrial partnerships, and innovation and industrial design. These criteria are used to
evaluate alternatives based on four aspects of technology components: technoware, humanware, infoware,
and orgaware. The next step involves creating a pairwise comparison matrix to determine the relative weights
between criteria and alternatives. This is done by comparing the importance of elements to each other based
on the judgment of the decision maker as shown in Table 5.

Table 5. Weighted criteria matrix

Criteria Regulatory  Financial ~Raw Innovation and Industry R&D Technology
material industrial design  partnership transfer

Regulatory 1 1/5 17 1/5 3 1/5 5

Financial 5 1 1/3 5 3 5 3

Raw material 7 3 1 2 3 5 5
Innovation and industrial design 5 1/5 1/2 1 3 3 5
Industry partnership 1/3 1/3 1/3 1/3 1 3 3
R&D 5 1/5 1/5 1/3 1/3 1 1/3

Technology transfer 1/5 1/3 1/5 1/5 1/3 3 1
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With expert choice software, the process of weighting criteria on technology components can be
automatically calculated. The results in Figure 8 show that the criteria for availability of raw materials is the
largest criteria in the development of Ina TEWS, namely 25.3%, whereas the lowest criterion is R and D
activities of 7.2%. Technoware is dominant at 48.3%, while infoware is the smallest at 13.2%.

A dynamic sensitivity analysis was conducted using Expert Choice to assess how changes in each of
the main criteria would impact the outcomes. The purpose of this analysis is to understand how these changes
would influence the priorities of the chosen alternatives. The analysis was based on seven criteria:
availability of raw materials (25.3%), financial (21.7%), innovation and industrial design (15.1%), industrial
partnerships (13.4%), technology transfer (9.5%), policy/regulation (7.8%), R&D activities (7.2%). The
criterion with the highest priority is the availability of raw materials. The technology components are
technoware (48.3%), humanware (22.3%), orgaware (16.2%), and infoware (13.2%). The results showed that
the highest technology component contribution is technoware, and the lowest is infoware. The priority of the
technological components from highest to lowest is technoware, orgaware, humanware, and infoware
(T>0>H>I), with technoware being the main priority. The results of the hierarchy diagram and criteria
weight values from Ina TEWS technology development priorities are shown in Figure 9.
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Figure 8. Dynamic sensitivity analysis
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Figure 9. AHP with weights of criteria and alternative

3.5. Technology contribution coefficient
Next, the technology contribution coefficient (TCC) is calculated as:

TCC =TLt x HBh X IBi X OBo
TCC = 0.5690.483 x 0.5520.223 x 0.4320.132 x 0.4390.162
= 0.522
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The value of TCC can indicate the technology level of Ina TEWS. The results in Tables 6 and 7 show that Ina
TEWS has a TCC of 0.522, in the interval 0.5<TCC<07, falling in the “Good” classification and “Semi
Modern” technology level. This shows that the overall performance of Ina TEWS, both technological
components have met the needs for mitigating the impact of earthquakes and tsunamis in Indonesia.

The results in Figure 10 show that the Ina TEWS technology component mapping, the highest
contributing technology component is technoware (0.569), followed by humanware (0.525), then orgaware
(0.439), and the smallest contribution comes from infoware (0.432). The ranking of contribution is
T > H > 0 > I. Infoware's lower contribution is due to the absence of a good data documentation system,
lack of manufacturing standard operating procedures (SOP), and sub optimal management information
systems. The technology intensity rankings are as: technoware (0.483), humanware (0.223), orgaware
(0.162), and infoware (0.132). So, the intensity values are sorted as: BT > SH > BO > BI. Infoware has the
lowest intensity and is relatively weak compared to the other components. Management still considers
infoware as a supporting component in operational management and has not yet become a focus of attention
for management in developing Ina TEWS.

Table 6. Technology contribution coefficient (TCC) Ina TEWS
Technology component  Lower limit (LL)  Upper limit (UL) State of the art  Contribution  Intensity (3) TCC

Technoware (T) 4 6 0.536 0.569 0.483 0.522
Humanware (H) 4 6 0.488 0.552 0.223
Infoware (1) 3 5 0.455 0.432 0.132
Orgaware (O) 3 5 0.475 0.439 0.162
Table 7. Technology contribution coefficient (TCC) levels
TCC Classification Technology level
0.5<TCC<=0.7 Good Semi modern
Technoware
1
0.8
0.569
0.525
Orgaware Humanware

—0.432

==2=Contribution of Technology
=o==Intensity of Technology

Infoware

Figure 10. Diagram radar of Ina TEWS technology component

So immediate handling and improvement are needed, especially in the infoware component. For
that, it is necessary to immediately build an integrated information system application to support
manufacturing operational activities, including: an integrated documentation management information
system application, a financial information system integrated with logistics, improvement of SOP in the
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production, testing, and data validation sections. In addition, increasing the competence of human resources

in developing Ina TEWS needs to be continuously carried out. An effort to improve product quality is to

create good management.

There are improvements needed for the overall technology components as:

— Improvements to technoware components need to be focused on infrastructure through continuous
maintenance for device efficiency, and upgrading the equipment used. In addition, preparation related to
maintenance scheduling is also needed to improve machine reliability.

— Improvement of humanware components is carried out by providing the broadest possible knowledge
regarding the transferred product, whether in the form of training, internships, job guidance, or joining the
core technology development team.

— Improvements in the infoware component are made by providing more detailed information on imported
products including blueprints, designs, procedures, and all other information so that engineers are able to
develop existing designs and are able to make similar products by relying on the available information.
The minimum information that needs to be provided includes block diagrams, assembly manuals,
component lists, standard operating procedures from purchasing materials to packaging, and other
supporting assembly documents.

— Improvements in the orgaware component are carried out through strengthening research and
development on disaster mitigation and building network initiatives with industry to create market
cooperation.

The TCC of 0.522 is in the “Good” classification. However, this should be a concern for the
organization’s management to continue to make improvements to all technology components because the
TCC is on the threshold between the “Medium” classification (0.3 < TCC <= 0.5) and the “Good”
classification (0.5 < TCC <= 0.7). Activities related to planning, monitoring, production improvement,
testing, engineering design, and material storage must still be improved, because they are the key to the
success of the quality management system.

4. CONCLUSION

This shows that overall, the performance of Ina TEWS has met the needs for mitigating the impact
of earthquakes and tsunamis in Indonesia. To encourage the creation of Ina TEWS component product
innovation, it needs to be accompanied by transfer of technology activities. Basically, Innovation cannot run
well without transfer of technology. It is also important to build a conducive environment in Ina TEWS
technology innovation activities, one of which is by collaborating with higher education institutions.
Effective management is important for creating innovative products and processes to increase
competitiveness. Continuous technological innovation is necessary to create breakthrough product
innovations, processes and strategies to improve capabilities and produce valuable products. The level of
dependency of components for Ina TEWS on imports is very high because there is no domestic component
industry with quality and competitive prices. Therefore, the strategies needed so that various devices can be
installed properly include preparing a financial information system integrated with logistics, building a
documentation system, providing a centralized material warehouse, preparing a technical advice team, and
preparing an integrated workshop. The results of the assessment of the technology components, management
needs to be consistently committed to following up on the recommendations given by the assessment team so
that the Ina TEWS development process can be carried out more efficiently and with better quality because
stakeholders and the community need prediction results related to earthquakes and tsunamis.

In the future, the results of the assessment of the technology components in the development of
Ina TEWS will help management in determining the priority of technology components based on the
criteria that are the focus of technology development. The results of the assessment also help management
in allocating its resources to areas with the greatest potential impact more effectively while identifying the
risks of using new technology and minimizing its negative impacts. The most important thing is awareness
and support from public to always be prepared for earthquakes and tsunamis, which ultimately becomes an
important part of mitigation to reduce the risk of loss of life and damage to public service facilities and
infrastructure.
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