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INTRODUCTION
Human Factors Engineering (HFE) involves the comprehensive integration of human capabilities—cognitive, physical, sensory, and team dynamics—into system design from the initial conceptualization through to system disposal. The primary objective of HFE is to effectively align human capabilities with system interfaces to achieve optimal overall system performance, encompassing use, operation, maintenance, support, and sustainment. This discipline employs detailed task analyses to define system functions and subsequently allocates these functions to meet system requirements. The ultimate goal of Human Systems Integration (HSI) is to optimize total system performance by accommodating the characteristics of the user population responsible for operating, maintaining, and supporting the system, thereby minimizing life-cycle costs (Folds et al., 2008).
HSI specialists collaborate within the Systems Engineering (SE) process to ensure comprehensive integration of human considerations throughout system design, development, fielding, sustainment, and retirement. Emphasis on HSI within system development programs has led to numerous human-centered design improvements. These efforts have focused on maximizing overall system performance through enhancements in human workload, ease of maintenance, and personnel safety, resulting in the avoidance of costs and the prevention of hundreds of fatalities and disabling injuries (Booher & Minninger, 2003).
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Figure 1: Domains of human systems integration. (Adapted from Malaysian Air Force, 2005)
DEVELOPING HUMAN SYSTEMS INTEGRATION TOOLS TO SUPPORT SYSTEMS DESIGN
Human Systems Integration (HSI) experts ensure that human capabilities and limitations are considered throughout the system design process. It has become evident that treating systems independently from their users leads to suboptimal performance and potential operational failures. Despite technological advancements, desired outcomes have not been consistently achieved. Systems engineers and other stakeholders are increasingly recognizing the critical role humans play in technology systems. The core challenge is to balance effective hardware and software solutions with human-friendly implementations. Defining human requirements as fundamental system components necessitates a thorough understanding of the inherent capacities of user populations and their typical operational environments (Booher, 2003). This understanding extends beyond basic anthropometrics or the cognitive capabilities of the average user (Chapanis, 1996).
HSI as a Supportive Framework for Design and Modeling
HSI experts operate within the framework provided by systems engineering, which encompasses processes and methodologies to ensure successful human systems integration. These methodologies involve a carefully structured approach to addressing both functional and nonfunctional requirements. The systems engineering team relies on various branches to assist in analyzing customer requirements (see Figure 1). Research indicates that, until now, HSI aspects and components have lacked established methodologies or integration tools to link various human factors to systems engineering models. This deficiency is due to two main reasons: the absence of relevant taxonomy linkage to SE needs and inadequate domain-specific languages (Meilich, 2008).

Most HSI requirements stem from performance, efficiency, environmental, operational, maintenance, and training specifications (see Table 1). Some of these requirements are embedded within mechanical and electrical specifications. One significant obstacle to realizing the full potential of HSI is the unclear articulation of human engineering requirements in Statements of Work (SOW) or other authorizing documents from the customer. Additionally, there is a lack of HSI software or architectural frameworks to track requirement changes.

A critical component of the HSI plan is a verification and validation process that clearly evaluates the success of human systems integration. The HSI team should develop a test plan that integrates seamlessly into the systems engineering test plan. It is essential to validate the effectiveness and performance of humans within the system as part of the overall system evaluation. While standalone testing for HSI may appear beneficial for demonstrating user interaction with controls or displays and task performance, it is crucial that this methodology also addresses the performance of the human operator or maintainer within the context of the entire system. The primary goal is to foster a close relationship between human systems integration and systems engineering.
Table 1. Human systems integration testing parameters sample (Armin et al. 2008)
	Access to amenities
	Illumination conditions

	Acoustics
	Maintenance/installation safety

	Atmosphere (temperature, pressure, humidity, quality, etc.)
	Maintenance/installation time to complete


CONCLUSION
Human Systems Integration (HSI) is increasingly recognized as a critical component in resolving the design complexities of modern systems. This proposal has outlined a growing body of knowledge in HSI, alongside emerging technologies designed to capture its essential aspects. Developing a framework for HSI using Systems Modeling Language (SysML) will enhance team collaboration by providing a common language and standardized process for distributing models and sharing information. Integrating HSI within systems engineering will enable the recognition of the human element as integral to every system, effectively representing behaviors, constraints, states, and goals throughout the system lifecycle.
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