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Abstract

The US Navy established the System Engineeringuisiepn and PeRsonnel INTegration (SEAPRINT) peogr
to develop processes, architectures and policesldly the groundwork for successful implementatbreffective

systems that are configurable, reusable, and dealabmplementation of SEAPRINT rests on definingda
practicing the processes and establishing policgufgport the systems engineering requirementsuoram system
integration.
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1 Introduction

Development of Network Centric Warfare (NCW) sadus have focused on software and hardware
implementations, but success for NCW will hingesutcessful performance of the human users. Imidefithe
requirements for NCW it is essential to include Hbdthe “capacity” of user populations and the openat
environments in which they work. This is more thhe basic anthropometrics or cognitive capabitifythe
average member of the user population. It requae$arget Audience Description (TAD) identifyingeth
knowledges, skills, and abilities (KSA's) of thegpde that will be operating (and maintaining) thystem as well as
other attributes that may impact total system perfmce. These more diverse data must be includegstems
engineering trade space analyses to ensure thasyseem will perform as envisioned in the operatlion
environment. It is also essential to address dzgéinnal issues. NCW will result in overt or covehanges in the
business rules of both small and large organizatiofhese organizational changes can affect thé& wwibe
performed and must be considered as part of theamleéng design.

To achieve the goal of successfully integrating Ansminto NCW, especially for successful decisiorkimg, it is
essential to achieve human systems integration, lange. This requires actually integrating themiamm domains
and applying the products of that successful irtegn to the design of NCW systems. The effectmahpower,
personnel, training, human factors, safety, habitabsurvivability, and Environmental, Safety, @i®ccupational
Health (ESOH) impinge on the NCW systems by clandythe human cognitive, physical, organizatioraid
personal roles. The integration of domains idestithe work to be performed, the target audiesaecessful and
economical training, optimal design for informatiarchitectures, ensuring successful performanciefsystem
not at the expense of the human component.

1.1 Humansin NCW

NCW systems are complex both in technological imm@etation as well as in human and organizationatest.
Warfare systems’ successes are predicated on thdepthat are part of that system effectively iatding with
other system components (hardware and softwarejetet operational capabilities. Historically, #s@phasis in
NCW systems is focused on the development and mmaation of new technologies. More recently theass
been recognition of the organizational aspectsifdtn and Moffat, 2005) but even this approach ddpen the
appropriate integration of human users into theesys design. The appropriate integration of thendm is
particularity relevant as the ongoing US Navy éfadvancing performance in all missions includivagfighting,
peacekeeping, and operations other than war ireseaaghe amount of information carried, reducesrttethods for



verifying trust in both the information and theaniation carrier, as well as the enhanced oppditdioi user error
induced by information.

The US Navy has emphasized a Sailor-centred apprtmdmprove the implementation of systems and the
utilization of decision making support. The Systdfngineering, Acquisition and PeRsonnel INTegration
(SEAPRINT) program was developed to facilitate ddsa&entred approach to Human System IntegratidSI)]
throughout the Navy. This program also aims taniify tools and processes that are scalable am@ssng Navy
organizational structures. The SEAPRINT process waveloped to facilitate effective application a6l
throughout the systems engineering process. SHEAPRIentifies the seven actionable tenets whicteatly
impact Navy programs: 1) Initiate HSI early; 2) mtiéy Issues — Plan Analysis; 3) Document/CrosswidiI
Requirements; 4) Make HSI a Factor in Source Selecb) Execute Integrated Technical Process; 6)dDot
Proactive Trade-Offs; and 7) Conduct HSI Milestédrssessments. These tenets are intended to bed@uioss
all domains of Manpower, Personnel, Training, HumBactors, Safety, Habitability, Survivability, and
Environmental Occupational Safety and Health. Rxtimgy HSI along every phase of the systems engimger
process allows a number of actions. These incketéing realistic systems requirements, identifyfoture
manpower and personnel constraints, and promotbejtar understanding of human performance.

1.2 SystemsEngineering and NCW

Systems engineering activities begin with thoroogguirements definition. This requirements deifimitincludes
detailing the relationship between human operatogntainers, other users and the system. A numbeuthors
have detailed the systems engineering process igdadt & Sweet, 2003; Martin, 1997). The interfalbetween
systems engineering and human factors results fininig and understanding the needs and requiremaitke
humans using the system in the operational enviemimFigure 1 illustrates the areas in the systenggneering
cycle in which HIS is essential.
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Figure 1. The Systems Engineering Process with representative HS activities.

To define the requirements of humans as a majaesygomponent, it is essential to understand therant
“capacity” of user populations and the operatiomavironment in which they work. A number of authdrave
detailed HSI and to some extent, the place of thmdn disciplines in systems engineering (Boohef320



Chapanis, 1996). This is more than the basic aptimetrics or cognitive capability of the averagenmber of the
user population. It requires a detailed descniptid the target audience of users and maintaineds explicit
understanding of the knowledge, skills, and ak#it{KSAs) of the people that will be operating (amaintaining)
the system as well as other attributes that mapantal system performance. It is also essetttinhderstand the
work that will be performed. A number of authoes/b explored the definition and use of occupatiam@krmation
as well as the effects of organizational structbusiness processes, and work structure (Cook,; ¥Qgfeck, 1995;
Peterson, et al., 1999; Sheridan, 2002; and Wig®orlett, 1995). These more diverse data musinbleided in
systems engineering to ensure that the system peilform as envisioned and specified in the opematio
environment. It is also necessary to address argtonal issues. Many systems result in overtawert changes
in the organizational structure and business rafeBoth organizations regardless of size. Thegmrizational
changes can affect the work to be performed and fmiconsidered in global design decisions. Thegtrbe
reflected in the information architecture of thetsyn as well, especially if there are automatiodemision making
support elements. It is critical to understand wek and the context in which it will occur wheesigning any
new system; the SEAPRINT process enables this atadating for system designers, operators of theesysand
program managers. The work the humans perforotu@ing workflow) must also be defined. This défon of
work must be utilized both locally in the humantéas aspects of the design and globally in the all/systems
design. In addition, it is important to socialittet definition of the work to be performed in theganization and
among the claimants of that work. These businessggses, organizational structures, and occupdtieork must
also be factored into the systems thinking andgaesiT his includes the eliciting the informatioowls necessary to
support NCW systems and the human decision makiocegses that will be supported by a solution systad its
performance. To achieve the goal of successfultggrating NCW systems, it is essential to integrdaiman
systems. This requires integrating the human dosnand applying the products of that successfabnaition to the
design of NCW systems.

2 SEAPRINT and NCW

Meaningful integration of the domains is more thast inserting human factors into the system desighighly
networked systems. Integration requires awareof®e system performance as affected by all ofctaponents
of that system. The context and predictability sugas also contribute greatly to the HSI proceEdfective
integration of the domains allows for better, mdralanced compromises with other specialty engingeri
disciplines. The effects of manpower, personneining, human factors, safety, habitability, suahility, and
Environmental Occupational Safety and Health impimgn decision making by clarifying the human cagait
physical, organizational, and personal roles. s€hdomains effect automation and decision-aidirdysupport by
identifying work to be performed; target audiensercessful and economical training; and optimalgmesor
information architectures. The SEAPRINT proces® grovides a platform to explore manpower, pershrand
training effects of specific designs and implemgotes. Optimized systems can be explored, desigmelditerated
while requirements and function allocations ardl biing established. Further, the tools and mees deliver
insight to the potential outcomes of requirementenf the earliest phases of development. The regullystems
have an apposite mix of an optimized number of humperators or maintainers, an appropriately asctet
automation capability, are staffed by the optimuetestion of people, correctly trained, and orgatzelly
supported to execute suitable business rules.

The Department of Defense and the Navy has edtablislirection and guidance to perform HSI in pragga
These documents state that programs must includebttSare quite vague. The SEAPRINT program dewedb
identified and documented structures and furthstruction to help program managers perform HSI iwitheir
programs. SEAPRINT has used a number of toolsxmoee the means to successfully integrate HSI into
acquisition while leveraging already existing tog@eocesses, methodologies, and structures.

HSI activities occur in organizations across thesyNand within acquisition organizations that deypekystems,
organizations, and personnel. These essentialiteesi have grown up independent of one another samhrate
from the acquisition of materiel. The systems magiing process is clearly the most effective meaarniaclude
human requirements into the materiel solution.

Human Factors Engineering is the human disciplimeady coupled with systems engineering in acqaisit
therefore it makes an excellent starting point. isltnot, however, the endpoint. The diverse ditisi and
organizations of other domains have to be incoedras well. The SEAPRINT program explored thecepi of



this integration through a series of case studiBise aim of the case studies is to demonstrateldite integration
required to perform HSI. These data exchangesiecessary because lack of a common data framevioders
much HSI work.

2.1 Linking SEAPRINT and NCW

The initial case study linked the elements of mavgroand personnel tools to human factors tools.e&wblishing
a link between the occupational work and the dedaluman factors task analysis the effects of pialestaffing
changes on mission performance was establishedecAnd case study explored linking the human pedace
model to an engineering process model. This linkagt only allowed exploration of the effects adfihg on the
larger mission performance but also allowed théreeging process model to more accurately reprekenfituman
operators that were previously modeled with noreorovariance. Another case study applied SEAPRExdcess
and modeling to a networked ISR excursion.

The Navy is using SkilsNET® SkillObjects technology to collect the occupation work datahef Navy including
the positions for NCW. These data quantify occiamat information (called Level | data) and operatontextual
information, describing job and their required kheage, skills, and abilities (KSAs) of the work feemed (e.qg.,
Manpower) as well as the required characteristiche Sailor to efficiently execute the work (cdlleevel Il data).
These data quantify the relationship between pesdoce standards, certifications and KSAs requinethb job.
The case studies established a linkage betweea thaspower and personnel oriented data and thensydita as
represented by human performance models. Thesarhfaotors engineering data (called Level 11l datejcribe
comprehensive system functions and performanceirszgants of the system or capability. These human
engineering data provide information that supperttop-down functional analysis and facilitates tinigy task
network models. The human factors data decompdssians into required executable activities (itasks,
subtasks, sub-subtasks) at a granular level arlddi@dnformation about all system activities — fagt human
activities, but also activities performed by therdweare and software, and those performed by inpeEndéent
external entities (hardware, software or human).

For a set of activities related to a particular sitie and/or scenario, the human factors data aomddrmation
about the environmental conditions (e.g., noisepierature, vibration) and the controls and starsléedy., policy,
laws, doctrine) under which the activities are parfed. For each activity (task, subtask, sub-skbtd evel I

Data contain extensive information about that d#gtivand its relationship to other activities (e.@ctivity

sequencing, inputs/outputs, priority, delay toleerand criticality). Level Il Data also contaimformation about
the performance requirements of each activity, woricess or capability. Examples include time dmplete
activity, acceptable error rate, input/output magilahuman mental workload demand and nature ofatttévity

(e.g., numerical, discrete fine motor). LevelData consist of the knowledge, skills and abilitiequired and/or
desired in order for the system and work procegseseet the current and projected required misganformance.
Level Il Data are being developed for all new Nasystems, systems undergoing significant modificator

upgrade, and systems with noted or potential perdoce deficiencies. These human factors engirgeatata
would not typically be developed for existing systewith acceptable performance and little needpodunity for
modification. Level Il Data may be developed &xisting systems in order to validate existing.(i"as is”) work
definitions and/or Sailor development requirements.

Congruently with DoD Instruction 5000.2, the SEARRIprogram promotes comprehensive system engirgeé&in
optimize total system performance. This prograonmtes standardized approaches to ensure thailbysSare

considered an integral component of the total systnd 2) systems are designed that facilitate ongat human
performance and minimize lifecycle costs. Propsr of Level |, Level I, and Level Ill data providemethod to
assess the effectiveness of design decisions athessystem lifecycle. Preliminary modelling castedies

performed to date have indicated the potentialauts of advanced solutions for crew reduction stesia These
case studies indicate that careful requiremenisitief, integration across the human domains,draffis across the
specialty engineering disciplines have the potémdiaesult in more optimized systems that suporan users
and achieve the necessary capabilities.



3 WhyisSEAPRINT important to NCW?

The concept of NCW is powerful, but the executi®mtimidating. Far from simplifying warfightingf,improperly
implemented the concepts of information warfareiywoeked forces, and geographically distant forcasehthe
potential to increase problems rather than genes@tgions. If designed incorrectly, the solutidos NCW can
create a greater Fog of War generated with moie lolatless information.

The humans in the network will bring the necessdeynents to the war. NCW has been defined as weavwhich
derives its power from the robust networking aofi@l informed but geographically dispersed force which is joined
via highly networked information services providitignely access to all relevant and appropriate rimétion
sources. This approach is essential to gain tHépiicative force needed however, this solutiomdg sufficient. It
must also have compatible data structures, protetamdards, graphics Symbology, and display imetgpion.
This definition of the needs of the users and #sailting requirements will result in a successtllison.

Both HSI and NCW are applicable to all levels ofrfaee. NCW contributes to the coalescence of esfrat
operationstechnologyand tacticsand is transparent to mission, force size andpomition, and geography. HSI
ensures the design is both necessary and suffitiextthieve these aims.
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