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Abstract: Cost, quality and design time of macro integrated products are important
and necessary factors in design management. The aim of the current research is to
provide an integration model for technological readiness, requirements statement
document and also description of product features in the management of macro
system design in domestic air base products. In particular, the research intends to
reduce the time required for the final delivery of the product by identifying and
prioritizing the real and prospective needs of customers/users, while applying
gradual changes and evolutionary measures. The research method is survey-
descriptive in terms of execution. In fact, the approach of data survey and analysis
is carried out quantitatively using exploratory and confirmatory factor analysis. The
results obtained from the significant factor loading coefficient and path coefficients
as well as the test results of the research variables show the following. The
significant coefficient of six paths - among the visible and hidden variables in
addition to the components determined in the research conceptual model - is higher
than 1.96 at the 95% reliability level. These numerical results confirm the research
hypothesis and validity of the model fit.

Keywords: Integration, technological readiness, requirement statement document,
product features, macro system design management, air base products.

17 Corresponding Author: mahdigoogerdchil402@gmail.com
VF+Y 5l - oyleds —VY wls CaduS C g9 o g (o dhifen Ay uiled


mailto:mahdigoogerdchi1402@gmail.com

Technology Readiness Level, Mission Need Statement and Product ... 88

Aim and Introduction

Time, quality and cost of realizing the design of an air product are three decisive
factors in the management of such projects. These three basic factors constitute
design management, which should be controlled and optimally managed during all
design stages. One of the characteristics of these projects is the time-consuming
execution, very high cost, and the continuous change of technology and user needs
due to the change of environmental conditions such as the operation scene. which
has caused the realization of the design quality of air products after a long time and
spending considerable resources, and because of this, sometimes the output of the
new product does not have the appropriate power to carry out the defined missions
and defend against the desired missions. On the other hand, although speeding up
the completion of these projects is a main need, haste in the design can lead to loss
of quality, reduction of safety, and the production of a dangerous or low-efficiency,
non-updated, or customer-less product. Among the solutions while maintaining
quality and cost management considerations, it can have a great impact on reducing
the time of technology-oriented product design and production, is the process of
gradual delivery of products. This solution can be effective in the user's scene
according to the mission of the product. The method of integrating technological
readiness, document of requirement statement and product features in the
management of macro system design of indigenous airbase products, with the
approach of gradual delivery of the product in key revisions, believes that while
reducing time, costs, quality and maintaining the key features of the product, current
needs and the future of the beneficiary is fulfilled. This model has four document
sections: statement of need (customer need), technological readiness (technology
assessment), product features and integration, which will be briefly explained.
1.The requirement statement or customer requirement document is the correct
understanding of the latent and manifest needs of operational users. Wen et al.
(2012) described the analysis of designing, capturing, understanding and meeting
customer needs using big data. They believe that meeting customer needs occurs
in three stages during the design process. In simple terms, the initial, middle and
final stages of the design process are planned in order of preparation to develop
an understanding of customer needs, reach the final design concept and analyze
and support the performance and usage specifications of the product [13]. In
2016, Mir Fakhredini et al. investigated the role of customer participation in the
development of new products. They considered the purpose of their research to
investigate the role of customer participation on new product development. The
results of this research show a positive and meaningful relationship between
customer participation on new product development [10]. Li et al. (2021),
expressed the effects of consumer innovation with the aim of purchasing
sustainable products. They believe that the concept of consumer (customer)
innovation expresses the desire to buy and use new products in the shortest time
and earlier than other competitors, and they have evaluated this as an important
characteristic [7]. The requirement statement document is a tool that can clearly
extract the real needs of the customer in the interaction of the company or the
operator.
2.Technology readiness or technology evaluation is one of the pillars of integration
[5]. Suzer et al. (2009) presented a systemic approach to expand the level of
technology readiness in defense acquisition. They claimed that additional criteria
are needed in technology transfer. One of these criteria is the level of
technological readiness, which is provided to evaluate the readiness of
technologies [12]. Conroe (2011) stated the scales of technology readiness level.
Technology readiness level scales are 9 common levels and have composite
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coefficients that are obtained to estimate the values of the main technology
readiness level scale and using the Analytical Hierarchy Process (AHP) [1]. Ma
(2021), proposes a framework for predicting technology readiness level
transitions for early technology development in defense. Evaluating the level of
technological readiness in large and complex products will make it possible to
plan the gradual delivery of the product during the design and final delivery in
addition to the final delivery of the product and if the user agrees [9].

3. The importance of product features and systems in complex products play a vital
and increasing role in the development of the modern economy and shape the
competitive advantage of countries [13]. Lu et al. (2007) presented a new design
method to manage the complexity of the product design and development phase.
This method is known as collaborative engineering (ECN), which is based on the
research theories taken from the studies of engineering groups and the socio-
technical framework and the processes of reaching joint decisions [8]. In (2009),
ElMaraghy has presented the design and architecture framework for the
development of complex products and their detailed and detailed design. This
framework, which is called VV model, is one of the most widely used diagrams in
the design of air systems [3]. Goa et al., in (2021), presented flexible conceptual
design using functional analysis and resolving contradictions in the product
design phase. They believe that concept generation plays an important role in
product design, especially in the early design phase and when functional
requirements are unclear or partially known. In order to avoid the uncertainty
imposed in a different work environment, flexible design is often used to increase
the system capacity from the perspective of functional requirements [6]. As stated,
identifying the characteristics of large and complex products during the design
time (and production etc.) will make it possible to gradually deliver the product
in interaction with the customer according to the user's Possible.

4. Product integration, which is one of the product realization processes in system
engineering, builds the system structure. The goal of the integration process is to
systematically integrate products from lower levels or subsystems to higher levels
(such as product, related units, subsystems, or user tasks), ensure the correct
functioning of the integrated product, and transfer the product. Product integration
is required at every level of the product hierarchy. Activities related to product
integration occur throughout the product life cycle. These activities include all the
gradual steps, including tests related to each level, which are necessary to
complete the assembly of each product and make it possible to test a higher
product [11]. Dmitriev (2019) presented the improvement of the design efficiency
of aviation products based on international standards and strong approaches. This
article considers the possibility of using QFD, robust design and other advanced
approaches to design innovative air products [2]. Yu et al. (2021) expressed the
level of total technological readiness to accelerate technological readiness for
aircraft design [15]. The product review process can be done at 17 points of the
product life cycle process, of which 2 points are more important and necessary.
The integration of the target of this research can be done at least in these two
critical points. In this case, performing this integration, according to the user's
opinion, can achieve the gradual delivery of the Maorit-oriented product before
the delivery of the final product.

According to most of the research presented, so far no model or method for

integration between the three components of the research has been done and in some

cases it has been done between two components or each of them. Also, the gradual
delivery of the product has not been paid. Based on this, in the previous researches,

a model that can integrate or balance the three components of technological

readiness, document of need statement and product features in the management of

macro system design has not been done. As a result, the necessity of doing this
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model, especially for organizations with complex product design, is the suggestion
of this research.

The hypotheses of this research include integration factors and phases and the
connections between them as follows.

Hypothesis 1: The stage (factor) of the requirement statement document has a
significant effect on the product features in managing the macro system design of
defense air base products.

Hypothesis 2: The stage (factor) of product characteristics has a significant effect
technological readiness in the management of the macro-systemic design of defense
air base products.

Hypothesis 3: The stage (factor) of technological readiness has a significant effect
on integration in the management of the macro system design of defense air base
products.

Hypothesis 4: The stage (factor) of integration has a significant impact on the key
decision points in managing the macro system design of defense air base products.

Methodology

As stated in the previous section, technological integration, customer needs and
product features that are planned in accordance with the arrangements and in
interaction with the operator, which can lead to the gradual delivery of the product
and the time to access the product at the stage of use. Reduce the vector, it has not
been evaluated as a model. In this research, the integration model, after defining the
customer's needs, the possibility of designing and carrying out the project according
to the phases of the project's life cycle and his approach in system engineering is
examined, in order to determine and compile the product features, the feasibility of
the project and also, the ability and permission to enter the design and development
phases should also be determined. Among the salient features of this model are
gradual maturity, step-by-step evolution, faster step-by-step response to operational
needs in the operation scene, the possibility of injecting and applying developed
technologies to the product during the system maturation process, creating a
platform for user training and Simultaneously with the creation or development of
the final product, system support is the creation of a basis for evaluating the
effectiveness of the system before proceeding with the design process, the creation
and development of different products branching from the main design, and the
simultaneous use of different samples of the design in the operating and support
environments. This integration creates an opportunity to review the customer's pre-
defined demands, and on the other hand, it provides the possibility of delivery and
use in the review user stage, as well as the necessary platform to ensure entering the
next steps.

The key decision points (KDP) in this research are the points of the project's life
cycle where, in accordance with the planned arrangements in interaction with the
user, the possibility of gradual product delivery in the present and future has been
examined, and in order to deliver the primary, intermediate and... Or the final
decision is made.

In the proposed model of integration of technological readiness, document of need
statement and product features in managing the design of macro systems of
indigenous defense airbase products for airbase systems, from the current research
focused on 2 points of key decision points from 6 design and engineering phases of
It is the life cycle of the product, although it is possible to make decisions in other
points according to this model [4]. In this research, available documents, interviews
and questionnaires were used to collect the required data. Questionnaire tool was
used for model validation and reliability. The statistical population of the research
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consisted of 202 industry and university experts who had the necessary experience
and background in the field of design and development of air systems and system
issues. which is suitable according to the type of research society. The content
validity of the questionnaire was confirmed according to Lavshe's method (CVR >
0.49). Cronbach's alpha method was used to determine the reliability of the
questionnaire as well as the reliability of the factors and components used in the
conceptual model. The results of the analysis related to the reliability values of the
factors, components and also the reliability of the whole research based on
Cronbach's alpha value was (0.954), indicating the appropriate validity and
reliability of this model.

The inferential analysis process of the research data should be done according to the
type of data, the size of the statistical sample and the goal of the researcher, with the
approach of structural equations using the partial least squares method and the
reflective measurement model and with Smart PLS and SPSS software.

Findings

The proposed model for the integration of air systems includes three main parts of
technological readiness, the requirement statement document and product features
in the management of the macro system design of air base products and a stage
called key decision points. To test hypotheses, confirmatory factor analysis
examines the relationship between items and research constructs. One of the
indicators of confirming the relationships in the structural model is the significance
of the path coefficients, if the value obtained above the minimum statistic is
considered at the confidence level, that relationship or hypothesis is confirmed. The
graphical output of the path model in PLS software shows that the path coefficients
are calculated on the relationships between exogenous and endogenous variables
(structural model) and relationships between observable and hidden variables
(measurement model). The researcher can draw conclusions regarding the rejection
or confirmation of relationships at the desired level of significance. The graphic path
actually shows the significance of the whole model, which includes the structural
model and measurement models. The output results of the model analysis indicate
that the coefficient of significance of 5 paths among the components determined in
the conceptual model of the research is greater than 1.96, which indicates the
significance of the direct effect of the factors of the model on other components, and
at the 95% confidence level, it confirms the hypotheses of the research. The analysis
of the relationship between the main variables (proposed factors or model) are as
follows.

The intensity of the relationship between the need statement variable and the product
features variable is equal to 0.454, which is an acceptable value and indicates that
the need statement variable explains 45% of the changes in the product features
variable in the proposed model. The test statistic is also 7.269, which is greater than
the t value at the 5% error level, i.e. 1.96. Therefore, the first hypothesis based on
the significant impact of the statement of need on product features in the integration
of air systems is confirmed. The intensity of the relationship between the product
features and the technological readiness level variable (first hypothesis) is equal to
0.618, which is considered an acceptable value and indicates that the product
features variable accounts for 61.8% of the changes in the technological readiness
level variable in the proposed model. The test statistic is also 11.869, which is
greater than the t value at the 5% error level, i.e. 1.96. Therefore, the second
hypothesis based on the significant effect of product characteristics with the variable
of technological readiness level and explanation in the air systems integration model
is confirmed.
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The intensity of the relationship between the technological readiness level variable
and the integration variable is equal to 0.654, which is an acceptable value and
indicates that the technological readiness level variable explains 65.4% of the
changes in the integration variable in the proposed integration model. The test
statistic is also 12.225, which is greater than the t value at the 5% error level, i.e.
1.96. Therefore, the third hypothesis based on the significant effect of the
technological readiness level with the integration variable in the air systems
integration model is confirmed. The results of the significance coefficients of the
factor loadings and the path coefficients and the test results of the research variables
indicate that the significance coefficient of the 6 paths between the observable and
hidden variables and the components determined in the research conceptual model
is greater than 1.96. This article indicates the significance of the direct effect of the
model factors on other components and at the 95% confidence level, it confirms the
research hypotheses and the appropriate validity of the presented air systems
integration model.

Discussion and Conclusion

The results obtained from the inferential analysis of the data and findings of this
research show the validity, reliability and validity of the research model, and the
proposed integration model can be used in organizations and research centers for the
design and development of air systems. If all activities and processes of system
engineering, as well as key decision points and main outputs presented in the model,
are observed and implemented, gradually products will be created according to the
standard and with the desired quality and desired by the customer. The integration
model of technological readiness, requirement statement document and product
features in managing the design of macro systems of air base products will have an
important and significant impact on increasing the user's ability. The conceptual
model for the integration of complex air systems includes the 3 main stages of
technological preparation, the requirement statement document and product features
in the management of the design of macro-systems of indigenous defense air base
products. Some of the prominent features of this pattern are: gradual maturity, step
by step evolution, faster phased response to operational needs in the scene of
operations, injection of developed technologies into the product during the system
maturation process, creating a platform for user training and system support at the
same time as creating or developing the final product, creating a platform for
evaluating the effectiveness of the system before proceeding with the design
process, creation and development of various branched products from the main
design and simultaneous use of different design examples in operating and support
environments. The application of this model in similar industries and products and
the combination of the integration model with other methods including multi-criteria
decision making can be the subject of future research.
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