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Forward 

This handbook is adapted from the NASA Systems Engineering Handbook Rev 2: NASA/SP-2016-6105 REV 2 

and specifically tailored for use in the United States Naval Academy’s Small Satellite Program. It is about a third 

of the size of the original NASA publication and it is specifically aimed at covering the most consequential 

systems engineering processes to increase the likelihood of success of undergraduate capstone teams endeavoring 

to conduct Small Satellite development projects with limited schedule, budget, and personnel resources.  

Project Team Formation 

One of the challenges of small-scale engineering development projects such as the capstone projects this 

handbook is made for is that a limited number of team members can leave members with multiple cumbersome 

responsibilities. Therefore, it is recommended that depending on the size of the project team, responsibilities and 

activities be allocated to the team members based on the schedule in Table 1. 

Table 1 Recommended Schedule of Team Member Allocation 
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Team Size

2 1 2 2 2 1 1 1 2 2 2 1

3 1 2 2 2 1 1 3 2 3 3 3

4 1 2 3 3 4 4 3 2 4 2 1

5 1 2 3 3 4 4 5 5 5 2 1

6 1 2 3 3 4 4 5 6 6 2 5

7 1 2 3 3 4 4 5 6 6 7 5

8 1 2 3 3 4 4 5 6 7 8 5

9 1 2 3 3 4 4 5 6 7 8 9

10 1 2 3 4 5 5 6 7 8 9 10

11+ 1 2 3 4 5 6 7 8 9 10 11
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1.0 Design Solution Definition 

The Design Solution Definition Process is used to translate the high-level requirements derived from stakeholder 

expectations and the outputs of the Logical Decomposition Process into a design solution. This involves 

transforming the defined logical decomposition models and their associated sets of derived technical requirements 

into alternative solutions. These alternative solutions are then analyzed through detailed trade studies that result in 

the selection of a preferred alternative. This preferred alternative is then fully defined into a final design solution 

that satisfied the technical requirements. This design solution definition is used to generate the end product 

specifications that are used to produce the product verification. This process may be further refined depending on 

whether there are additional subsystems of the end product that need to be defined. 

1.1 Process Description 

The activities of the Design Solution Definition Process are described below. 

1.1.1 Inputs 

The inputs for this process are: 

• Technical Requirements: These are the customer and stakeholder needs that have been translated into a 

complete set of validated requirements for the system, including all interface requirements. 

 

• Logical Decomposition Models: Requirements are analyzed and decomposed by one or more different 

methods (e.g., function, time, behavior, data flow, states, modes, system architecture, etc.) in order to gain 

a more comprehensive understanding of their interaction and behaviors. 

1.1.2 Process Activities 

The process activities of the Design Solution Process are defined in detail below: 

• Define Alternative Design Solutions: The realization of a system over its life cycle involves a 

succession of decisions among alternative courses of action. If the alternatives are precisely defined and 

thoroughly understood to be well differentiated in the cost-effectiveness space, then the systems engineer 

can make choices among them with confidence. 

• Create Alternative Design Concepts: Once it is understood what the system is to accomplish, it is 

possible to devise a variety of ways that those goals can be met. Sometimes, that comes about as a 

consequence of considering alternative functional allocations and integrating available subsystem design 

options, all of which can have technologies at varying degrees of maturity. Ideally, as wide a range of 

plausible alternatives as is consistent with the design organization’s charter should be defined, keeping in 

mind the current stage in the process of successive refinement. When the bottom-up process is operating, 

a problem for the systems engineer is that the designers tend to become fond of the designs they create, so 

they lose their objectivity; the systems engineer should stay an “outsider” so that there is more objectivity. 

This is particularly true in the assessment of the technological maturity of the subsystems and components 

required for implementation. There is a tendency on the part of technology developers and project 

management to overestimate the maturity and applicability of a technology that is required to implement a 

design. This is especially true of “heritage” equipment. The result is that critical aspects of systems 

engineering are often overlooked. 

• Analyze Each Alternative Design Solution: The technical team analyzes how well each of the design 

alternatives meets the system objectives (technology gaps, effectiveness, technical achievability, 

performance, cost, schedule, and risk, both quantified and otherwise). This assessment is accomplished 

through the use of trade studies. The purpose of the trade study process is to ensure that the system 
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architecture, intended operations (i.e., the ConOps) and design decisions move toward the best solution 

that can be achieved with the available resources. 

• Select the Best Design Solution: The technical team selects the best design solution from among the 

alternative design concepts, taking into account subjective factors that the team was unable to quantify, 

such as robustness, as well as estimates of how well the alternatives meet the quantitative requirements; 

the maturity of the available technology; and any effectiveness, cost, schedule, risk, or other constraints. 

• Increase the Resolution of the Design: At each level of decomposition, the baselined derived (and 

allocated) requirements become the set of high-level requirements for the decomposed elements, and the 

process begins again. One might ask, “When do we stop refining the design?” The answer is that the 

design effort proceeds to a depth that is sufficient to meet several needs: the design should penetrate 

sufficiently to allow analytical validation of the design to the requirements and ConOps; it should also 

have sufficient depth to support cost and operations modeling and to convince a review team of a feasible 

design with performance, cost, and risk margins. 

• Fully Describe the Design Solution: Once the preferred design alternative has been selected and the 

proper level of refinement has been completed, then the design is fully defined into a final design solution 

that will satisfy the technical requirements and ConOps. The design solution definition will be used to 

generate the end product specifications that will be used to produce the product and to conduct product 

verification. This process may be further refined depending on whether there are additional subsystems of 

the end product that need to be defined. 

• Verify the Design Solution: Once an acceptable design solution has been selected from among the 

various alternative designs and documented in a technical data package, the design solution should next 

be verified against the system requirements and constraints. A method to achieve this verification is by 

means of a peer review to evaluate the resulting design solution definition. 

• Validate the Design Solution: The validation of the design solution is a recursive and iterative process. 

Each alternative design concept is validated against the set of stakeholder expectations. The stakeholder 

expectations drive the iterative design loop in which a straw man architecture/design, the ConOps, and the 

derived requirements are developed. These three products should be consistent with each other and will 

require iterations and design decisions to achieve this consistency. Once consistency is achieved, 

functional analyses allow the study team to validate the design against the stakeholder expectations. A 

simplified validation asks the questions: Does the system work as expected? How does the system 

respond to failures, faults, and anomalies? Is the system affordable? If the answer to any of these 

questions is no, then changes to the design or stakeholder expectations will be required, and the process is 

started over again. This process continues until the system— architecture, ConOps, and requirements—

meets the stakeholder expectations. 

• Identify Enabling Products: Enabling products are the life cycle support products and services (e.g., 

production, test, deployment, training, maintenance, and disposal) that facilitate the progression and use 

of the operational end product through its life cycle. Since the end product and its enabling products are 

interdependent, they are viewed as a system. Project responsibility thus extends to responsibility for 

acquiring services from the relevant enabling products in each life cycle phase. When a suitable enabling 

product does not already exist, the project that is responsible for the end product can also be responsible 

for creating and using the enabling product. 

• Baseline the Design Solution: Once the selected system design solution meets the stakeholder 

expectations, the study team baselines the products and prepares for the next life cycle phase. Because of 

the recursive nature of successive refinement, intermediate levels of decomposition are often validated 

and baselined as part of the process. In the next level of decomposition, the baselined requirements 

become the set of high-level requirements for the decomposed elements, and the process begins again. 
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1.1.3 Outputs 

Outputs of the Design Solution Definition Process are described below: 

• The System Specification: The system specification contains the functional baseline for the system that 

is the result of the Design Solution Definition Process. The system design specification provides 

sufficient guidance, constraints, and system requirements for the design engineers to begin developing the 

design. 

• The System External Interface Specifications: The system external interface specifications describe the 

functional baseline for the behavior and characteristics of all physical interfaces that the system has with 

the external world. These include all structural, thermal, electrical, and signal interfaces, as well as the 

human-system interfaces. 

• The End-Product Specifications: The end-product specifications contain the detailed build-to and code-

to requirements for the end product. They are detailed, exact statements of design particulars, such as 

statements prescribing materials, dimensions, and quality of work to build, install, or manufacture the end 

product. 

• The End-Product Interface Specifications: The end-product interface specifications contain the 

detailed build-to and code-to requirements for the behavior and characteristics of all logical and physical 

interfaces that the end product has with external elements, including the human-system interfaces. 

• Initial Subsystem Specifications: The end-product subsystem initial specifications provide detailed 

information on subsystems if they are required. 

• Enabling Product Requirements: The requirements for associated supporting enabling products provide 

details of all enabling products. Enabling products are the life cycle support products, infrastructures, 

personnel, logistics, and services that facilitate the progression and use of the operational end product 

through its life cycle. They are viewed as part of the system since the end product and its enabling 

products are interdependent. 

• Product Verification Plan: The end-product verification plan (generated through the Technical Planning 

Process) provides the content and depth of detail necessary to provide full visibility of all verification 

activities for the end product. Depending on the scope of the end product, the plan encompasses 

qualification, acceptance, prelaunch, operational, and disposal verification activities for flight hardware 

and software. 

• Product Validation Plan: The end-product validation plan (generated through the Technical Planning 

Process) provides the content and depth of detail necessary to provide full visibility of all activities to 

validate the end product against the baselined stakeholder expectations. The plan identifies the type of 

validation, the validation procedures, and the validation environment that are appropriate to confirm that 

the realized end product conforms to stakeholder expectations. 

• Logistics and Operate-to Procedures: The applicable logistics and operate-to procedures for the system 

describe such things as handling, transportation, maintenance, long-term storage, and operational 

considerations for the particular design solution. 

1.2 Design Solution Definition Guidance 

Refer to Section 4.4.2 in the NASA Expanded Guidance for Systems Engineering at Expanded Guidance for 

NASA SE NASA/SP-2016-6105-SUPPL for additional guidance on: 

• technology assessment, 

• human capability assessment, and 

https://ntrs.nasa.gov/api/citations/20170007238/downloads/20170007238.pdf
https://ntrs.nasa.gov/api/citations/20170007238/downloads/20170007238.pdf
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• integrating engineering specialties into the SE process. 

 

2.0 Product Implementation 

Product implementation is the first SE process encountered and begins the movement from the bottom of the 

product hierarchy up towards the Product Transition Process. This is where the plans, designs, analysis, 

requirements development, and drawings are realized into actual products.  

Product implementation is used to generate a specified product of a project or activity through buying, 

making/coding, or reusing previously developed hardware, software, models, or studies to generate a product 

appropriate for the phase of the life cycle. The product should satisfy the design solution and its specified 

requirements.  

The Product Implementation Process is the key activity that moves the project from plans and designs into 

realized products. Depending on the project and life-cycle phase within the project, the product may be hardware, 

software, a model, simulations, mockups, study reports, or other tangible results. These products may be realized 

through their purchase from commercial or other vendors, through partial or complete reuse of products from 

other projects or activities, or they may be generated from scratch. The decision as to which of these realization 

strategies or combination of strategies will be used for the products of this project will have been made earlier in 

the life cycle. 

2.1 Process Description 

The activities of the Product Implementation Process are described below. 

2.1.1 Inputs 

Inputs to the Product Implementation Process depend primarily on the decision about whether the end product 

will be purchased, developed from scratch, or formed by reusing part or all of products from other projects. 

• Inputs If Purchasing the End Product: If the decision was made to purchase part or all of the products 

for this project, the end product design specifications are obtained from other applicable documents. 

 

• Inputs If Making/Coding the End Product: For end products that will be made/coded by the technical 

team, the inputs will be the configuration-controlled design specifications, manufacturing plans, 

manufacturing processes, manufacturing procedures, and raw materials as provided to or purchased by the 

project. 

 

• Inputs Needed If Reusing an End Product: For end products that will reuse part or all of products 

generated by other projects, the inputs may be the documentation associated with the product as well as 

the product itself. Care should be taken to ensure that these products will indeed meet the specifications 

and environments for this project. These would have been factors involved previously to determine the 

make/buy/reuse decision. 

 

• Enabling Products: These would be any enabling products necessary to make, code, purchase, or reuse 

the product (e.g., drilling fixtures, production facilities, production lines, software development facilities, 

software test facilities, system integration and test facilities). 
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2.1.2 Process Activities 

Implementing the product can take one of three forms: 

1. Purchase/buy 

2. Make/code 

3. Reuse 

These three forms will be discussed in the following subsections. This section describes what kind of inputs, 

outputs, and activities are performed during product implementation regardless of where in the product hierarchy 

or life cycle it is. These activities include preparing to conduct the implementation, purchasing/making/reusing 

the product, and capturing the product implementation work product. In some cases, implementing a product may 

have aspects of more than one of these forms (such as a build-to-print). In those cases, the appropriate aspects of 

the applicable forms are used. 

2.1.2.1 Prepare to Conduct Implementation 

Preparing to conduct the product implementation is a key first step regardless of what form of implementation has 

been selected. For complex projects, implementation strategy and detailed planning or procedures need to be 

developed and documented. For less complex projects, the implementation strategy and planning need to be 

discussed, approved, and documented as appropriate for the complexity of the project.  

The documentation, specifications, and other inputs also need to be reviewed to ensure they are ready and at an 

appropriate level of detail to adequately complete the type of implementation form being employed and for the 

product life-cycle phase. For example, if the “make” implementation form is being employed, the design 

specifications need to be reviewed to ensure they are at a design-to level that allows the product to be developed. 

If the product is to be bought as a pure Commercial Off-the-Shelf (COTS) item, the specifications need to be 

checked to make sure they adequately describe the vendor characteristics to narrow to a single make/model of 

their product line.  

Finally, the availability and skills of personnel needed to conduct the implementation as well as the availability of 

any necessary raw materials, enabling products, or special services should also be reviewed. Any special training 

necessary for the personnel to perform their tasks needs to be performed by this time. This is a key part of the 

Acceptance Data Package. 

2.1.2.2 Purchase, Make, or Reuse the Product 

Purchase the Product 

In the first case, the end product is to be purchased from a commercial or other vendor. Design/purchase 

specifications will have been generated previously and provided as inputs. The technical team needs to review 

these specifications and ensure they are in a form adequate for the purchase. For major end products purchased 

from a vendor, the responsibilities of the Government and contractor team should be documented. This will 

define, for example, whether the project team expects the vendor to provide a fully verified and validated product 

or whether they will be performing those duties.  

As the purchased products arrive, the technical team should assist in the inspection of the delivered product and 

its accompanying documentation. The team should ensure that the requested product was indeed the one 

delivered, and that all necessary documentation, such as source code, operator manuals, certificates of 

compliance, safety information, or drawings have been received.  

The technical team should also ensure that any enabling products necessary to provide test, operations, 

maintenance, and disposal support for the product are also ready or provided as required.  
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Depending on the strategy and roles/responsibilities of the vendor, a determination/analysis of the vendor’s 

verification and validation compliance may need to be reviewed. This may be done informally or formally as 

appropriate for the complexity of the product. For products that were verified and validated by the vendor, after 

ensuring that all work products from this phase have been captured, the product may be ready to enter the Product 

Transition Process to be delivered to the next higher level or to its final end user. For products that the technical 

team will verify and validate, the product will be ready for verification after ensuring that all work products for 

this phase have been captured. 

Make/Code the Product 

If the strategy is to make or code the product, the technical team should first ensure that the enabling products are 

ready. This may include ensuring all piece parts are available, drawings are complete and adequate, software 

design is complete and reviewed, machines to cut the material are available, interface specifications are approved, 

operators are trained and available, manufacturing and/or coding procedures / processes are ready, software 

personnel are trained and available to generate code, test fixtures are developed and ready to hold products while 

being generated, and software test cases are available and ready to begin model generation.  

The product is then made or coded in accordance with the specified requirements, configuration documentation, 

and applicable standards. Throughout this process, the technical team should work to review, inspect, and discuss 

progress and status within the team and with higher levels of management as appropriate. Progress should be 

documented within the technical schedules. Peer reviews, audits, unit testing, code inspections, simulation 

checkout, and other techniques may be used to ensure the made or coded product is ready for the verification 

process. As production proceeds and components are produced, there is a need to establish a to review any 

nonconformance to specifications and disposition whether the components can be accepted, reworked, or 

scrapped and remade. 

Reuse 

If the strategy is to reuse a product that already exists, extreme care should be taken to ensure that the product is 

truly applicable to this project and for the intended uses and the environment in which it will be used. This should 

have been a major factor used in the decision strategy to make/buy/reuse. If the new environment is more 

extreme, requalification is needed for the component or system. Design factors of safety, margins, and other 

required design and construction standards should also be assessed. If the program/project requires higher factor 

of safety or margins, the component may not be useable or a modification may be required. 

The documentation available (e.g., as-built documentation, user’s guides, operations manuals, discrepancy 

reports, waivers and deviations) from the reuse product should be reviewed by the technical team so that they can 

become completely familiar with the product and ensure it will meet the requirements in the intended 

environment. Any supporting manuals, drawings, or other documentation available should also be gathered.  

The availability of any supporting or enabling products or infrastructure needed to complete the fabrication, 

coding, testing, analysis, verification, validation, or shipping of the product needs to be determined. Supporting 

products may be found in product manufacturing plans, processes, and procedures. If any of these products or 

services are lacking, they will need to be developed or arranged for before progressing to the next phase.  

A reused product often needs to undergo the same verification and validation as a purchased product or a built 

product. Relying on prior verification and validation should only be considered if the product’s verification and 

validation documentation meets or exceeds the verification, validation, and documentation requirements of the 

current project and the documentation demonstrates that the product was verified and validated against equivalent 

requirements (including environments) and expectations. The savings gained from reuse is not necessarily from 

reduced acceptance-level testing of the flight products, but possibly elimination of the need to fully requalify the 

item (if all elements are the same, including the environment and operation), elimination of the need to specify all 
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of the internal requirements such as printed circuit board specifications or material requirements, reduced internal 

data products, or the confidence that the item will pass acceptance test and will not require rework. 

2.1.2.3 Capture Work Products 

Regardless of what implementation form was selected, all work products from the make/buy/reuse process should 

be captured, including as-built design drawings, design documentation, design models, code listings, model 

descriptions, procedures used, operator manuals, maintenance manuals, or other documentation as appropriate. 

2.1.3 Outputs 

• End Product for Verification: Unless the vendor performs verification, the made/coded, purchased, or 

reused end product in a form appropriate for the life-cycle phase is provided for the verification process. 

The form of the end product is a function of the life-cycle phase and the placement within the system 

structure (the form of the end product could be hardware, software, model, prototype, first article for test, 

or single operational article or multiple production articles). 

 

• End Product Documents and Manuals: Appropriate documentation is also delivered with the end 

product to the verification process and to the technical data management process. Documentation may 

include applicable as-built design drawings; close out photos; operation, user, maintenance, or training 

manuals; applicable baseline documents (configuration information such as as-built specifications or 

stakeholder expectations); certificates of compliance; or other vendor documentation. 

 

• Product Implementation Work Products: Any additional work products providing reports, records, 

lesson learned, assumptions, and other outcomes of these activities. 

The process is complete when the following activities have been accomplished: 

• End products are fabricated, purchased, or reuse modules are acquired. 

 

• End products are reviewed, checked, and ready for verification. 

 

• Procedures, decisions, assumptions, anomalies, corrective actions, lessons learned, etc., resulting from the 

make/buy/reuse are recorded. 

2.2 Product Implementation Guidance 

Refer to Section 5.1.2 in the NASA Expanded Guidance for Systems Engineering at Expanded Guidance for 

NASA SE NASA/SP-2016-6105-SUPPL for additional guidance on: 

• buying off-the-shelf products and 

• the need to consider the heritage of products. 

3.0 Product Integration 

Product integration is a key activity of the systems engineer. Product integration is the engineering of the 

subsystem interactions and their interactions with the system environments (both natural and induced). Also in 

this process, lower-level products are assembled into higher level products and checked to make sure that the 

integrated product functions properly and that there are no adverse emergent behaviors. This integration begins 

during concept definition and continues throughout the system life cycle. Integration involves several activities 

https://ntrs.nasa.gov/api/citations/20170007238/downloads/20170007238.pdf
https://ntrs.nasa.gov/api/citations/20170007238/downloads/20170007238.pdf
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focused on the interactions of the subsystems and environments. These include system analysis to define and 

understand the interactions, development testing including qualification testing, and integration with external 

systems (e.g., launch operations centers, space vehicles, mission operations centers, flight control centers, and 

aircraft) and objects (i.e., planetary bodies or structures). To accomplish this integration, the systems engineer is 

active in integrating the different discipline and design teams to ensure system and environmental interactions are 

being properly balanced by the differing design teams. The result of a well-integrated and balanced system is an 

elegant design and operation. 

3.1 Process Description 

The activities of the Product Integration Process are described below. 

3.1.1 Inputs 

• Lower-level products to be integrated: These are the products developed in the previous lower-level 

tier in the product hierarchy. These products will be integrated / assembled to generate the product for this 

product layer.  

• End product design specifications and configuration documentation: These are the specifications, 

Interface Control Documents (ICDs), drawings, integration plan, procedures or other documentation or 

models needed to perform the integration including documentation for each of the lower-level products to 

be integrated.  

• Product integration-enabling products: These would include any enabling products, such as holding 

fixtures, necessary to successfully integrate the lower-level products to create the end product for this 

product layer. 

3.1.2 Process Activities 

This subsection addresses the approach to the implementation of the Product Integration Process, including the 

activities required to support the process. The basic tasks that need to be established involve the management of 

internal and external interactions of the various levels of products and operator tasks to support product 

integration and are as follows: 

3.1.2.1 Prepare to Conduct Product Integration 

Prepare to conduct product integration by reviewing the product integration strategy/plan, generating detailed 

planning for the integration, and developing integration sequences and procedures; and determining whether the 

product configuration documentation is adequate to conduct the type of product integration applicable for the 

product life-cycle phase, location of the product in the system structure, and management phase success criteria.  

3.1.2.2 Obtain Lower-Level Products for Assembly and Integration 

Each of the lower-level products that is needed for assembly and integration is obtained from the transitioning 

lower-level product owners or a storage facility as appropriate. Received products should be inspected to ensure 

no damages occurred during the transitioning process. 

3.1.2.3 Confirm That Received Products Have Been Validated 

Confirm that the received products that are to be assembled and integrated have been validated to demonstrate 

that the individual products satisfy the agreed-to set of stakeholder expectations, including interface requirements. 

This validation can be conducted by the receiving organization or by the providing organization if fully 

documented or witnessed by the receiving representative. 

3.1.2.4 Prepare the Integration Environment for Assembly and Integration 

Prepare the integration environment in which assembly and integration will take place, including evaluating the 

readiness of the product integration-enabling products and the assigned workforce. These enabling products may 
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include facilities, equipment jigs, tooling, and assembly/production lines. The integration environment includes 

test equipment, simulators, models, storage areas, and recording devices. 

3.1.2.5 Assemble and Integrate the Received Products into the Desired End Product 

Assemble and integrate the received products into the desired end product in accordance with the specified 

requirements, configuration documentation, interface requirements, applicable standards, and integration 

sequencing and procedures. This activity includes managing, evaluating, and controlling physical, functional, and 

data interfaces among the products being integrated.  

Functional testing of the assembled or integrated unit is conducted to ensure that assembly is ready to enter 

verification testing and ready to be integrated into the next level. Typically, all or key representative functions are 

checked to ensure that the assembled system is functioning as expected. Formal product verification and 

validation will be performed in the next process. 

3.1.2.6 Prepare Appropriate Product Support Documentation 

Prepare appropriate product support documentation, such as special procedures for performing product 

verification and product validation. Drawings or accurate models of the assembled system are developed and 

confirmed to be representative of the assembled system. 

3.1.2.7 Capture Product Integration Work Products 

Capture work products and related information generated while performing the Product Integration Process 

activities. These work products include system models, system analysis data and assessment reports, derived 

requirements, the procedures that were used in the assembly, decisions made and supporting rationale, 

assumptions that were made, identified anomalies and associated corrective actions, lessons learned in performing 

the assembly, and updated product configuration and support documentation. 

3.1.3 Outputs 

The following are typical outputs from this process and destinations for the products from this process:  

• Integrated product(s) with all system interactions identified and properly balanced.  

• Documentation and manuals including system analysis models, data, and reports supporting flight-

readiness rationale and available for future analysis during the operation of the system in the mission-

execution phase.  

• Work products, including reports, records, and non-deliverable outcomes of product integration 

activities; integration strategy document; assembly/check area drawings; system/component 

documentation sequences and rationale for selected assemblies; interface management documentation; 

personnel requirements; special handling requirements; system documentation; shipping schedules; test 

equipment and drivers’ requirements; emulator requirements; and identification of limitations for both 

hardware and software. 

4.0 Product Verification 

The Product Verification Process is the first of the verification and validation processes conducted on an end 

product. As used in the context of the systems engineering common technical processes, a product is one provided 

by either the Product Implementation Process or the Product Integration Process in a form suitable for meeting 

applicable life-cycle phase success criteria. Realization is the act of implementing, integrating, verifying, 

validating, and transitioning the end product for use at the next level up of the system structure or to the customer. 

At this point, the end product can be referred to as a “realized product” or “realized end product.”  

Product verification proves that an end product (whether built, coded, bought, or reused) for any element within 

the system structure conforms to its requirements or specifications. Such specifications and other design 
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description documentation establish the configuration baseline of that product, which may have to be modified at 

a later time. Without a verified baseline and appropriate configuration controls, such later modifications could be 

costly or cause major performance problems.  

4.1 Process Description 

There are several methods of verification, described in the figure below. 

 

The activities of the Product Verification Process are described below. 

4.1.1 Inputs 

Key inputs to the process are: 

• The product to be verified: This product will have been transitioned from either the Product 

Implementation Process or the Product Integration Process. The product will likely have been through at 

least a functional test to ensure it was assembled correctly. Any supporting documentation should be 

supplied with the product. 

• Verification plan: This plan will have been developed previously and baselined before entering this 

verification. 
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• Specified requirements baseline: These are the requirements that have been identified to be verified for 

this product. Acceptance criteria should have been identified for each requirement to be verified. 

• Enabling products: Any other products needed to perform the Product Verification Process. This may 

include test fixtures and support equipment.  

4.1.2 Process Activities 

This subsection addresses the approach to the implementation of the Product Verification Process, including the 

activities required to support the process. There are five major activities in the Product Verification Process: (1) 

prepare to conduct product verification; (2) perform verification; (3) analyze verification results; (4) prepare a 

product verification report; and (5) capture work products generated during the verification activities. These tasks 

are described as follows: 

4.1.2.1 Product Verification Preparation 

In preparation for verification, the verification plan and the specified requirements are collected, reviewed, and 

confirmed. The product to be verified is obtained along with any enabling products, such as those representing 

external interfacing products and support resources (including personnel) that are necessary for verification. 

Procedures capturing detailed step-by-step activities and based on the verification type and methods are finalized 

and approved. Development of procedures typically begins during the design phase of the project life cycle and 

matures as the design is matured. The verification environment is considered as part of procedure development. 

Operational scenarios are assessed to explore all possible verification activities to be performed. The final element 

is preparation of the verification environment; e.g., facilities, equipment, tools, measuring devices, and climatic 

conditions. 

4.1.2.2 Perform Product Verification 

The actual act of verifying the end product is performed as spelled out in the plans and procedures, and 

conformance is established with each specified product requirement. The verification lead should ensure that the 

procedures were followed and performed as planned, the verification-enabling products and instrumentation were 

calibrated correctly, and the data were collected and recorded for required verification measures. 

4.1.2.3 Analyze Product Verification Results and Report 

As the verification activities are completed, the results are collected and analyzed. The data are analyzed for 

quality, integrity, correctness, consistency, and validity. Any verification discrepancies (anomalies, variations, 

and out-of-compliance conditions) are identified and reviewed to determine if there is a nonconforming product 

not resulting from poor verification conduct, procedure, or conditions. If possible, this analysis is performed while 

the test/analysis configuration is still intact. This allows a quick turnaround in case the data indicates that a 

correction to the test or analysis run needs to be performed again.  

4.1.2.4 Capture Product Verification Work Products 

Verification work products take many forms and involve many sources of information. The capture and recording 

of verification results and related data is a very important, but often underemphasized, step in the Product 

Verification Process. Verification results, peer review reports, anomalies, and any corrective action(s) taken 

should be captured, as should all relevant results from the application of the Product Verification Process (related 

decisions, rationale for the decisions made, assumptions, and lessons learned).  

4.1.3 Outputs 

Key outputs from the process are: 

• Verified product ready for validation: After the product is verified, it will next pass through the 

Product Validation Process. 
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• Product verification results: Results from executed procedures are passed to technical assessment. 

• Product verification report(s): A report shows the results of the verification activities. It includes the 

requirement that was to be verified and its bidirectional traceability, the verification method used, and 

reference to any special equipment, conditions, or procedures used. It also includes the results of the 

verification, any anomalies, variations or out-of-compliance results noted and associated corrective 

actions taken. 

• Product verification work products: These include discrepancy and nonconformance reports with 

identified correction actions; updates to requirements compliance documentation; changes needed to the 

procedures, equipment or environment; configuration drawings; calibrations; operator certifications; and 

other records. 

5.0 Product Validation 

The Product Validation Process is the second of the verification and validation processes conducted on an 

implemented or integrated end product. While verification proves whether “the product was done right,” 

validation proves whether “the right product was done.” In other words, verification provides objective evidence 

that every “shall” statement in the requirements document or specification was met, whereas validation is 

performed for the benefit of the customers and users to ensure that the system functions in the expected manner 

when placed in the intended environment. This is achieved by examining the products of the system at every level 

of the product structure and comparing them to the stakeholder expectations for that level. A well-structured 

validation process can save cost and schedule while meeting the stakeholder expectations.  

5.1 Process Description 

There are several methods of validation, described in the figure below. 
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The activities of the Product Validation Process are described below. 

5.1.1 Inputs 

Key inputs to the process are: 

• End product to be validated: This is the end product that is to be validated and which has successfully 

passed through the verification process. 

• Validation plan: This plan would have been developed previously and baselined prior to entering this 

process. This plan may be a separate document. 

• Baselined stakeholder expectations: These would have been developed for the product at this level 

previously. It includes the needs, goals, and objectives as well as the baselined and updated concept of 

operations and MOEs. 

• Any enabling products: These are any special equipment, facilities, test fixtures, applications, or other 

items needed to perform the Product Validation Process. 

5.1.2 Process Activities 

This subsection addresses the approach to the implementation of the Product Validation Process, including the 

activities required to support the process. The Product Validation Process demonstrates that the end product 

satisfies its stakeholder expectations within the intended operational environments, with validation performed by 

anticipated operators and/or users whenever possible. The method of validation is a function of the life-cycle 

phase and the position of the end product within the system structure. There are five major steps in the validation 

process: (1) preparing to conduct validation, (2) conduct planned validation (perform validation), (3) analyze 

validation results, (4) prepare a validation report, and (5) capture the validation work products.  

5.1.2.1 Product Validation Preparation 

To prepare for performing product validation, the appropriate set of expectations against which the validation is to 

be made should be obtained. Other documentation such as the ConOps may be useful. The product to be 

validated, as well as the appropriate enabling products and support resources with which validation will be 

conducted should be collected. Enabling products includes those representing external interfacing products and 

special test equipment. Support resources include personnel necessary to support validation and operators. 

Procedures, capturing detailed step-by-step activities and based on the validation type and methods are finalized 

and approved. Development of procedures typically begins during the design phase of the project life cycle and 

matures as the design is matured. The validation environment is considered as part of procedure development. 

Operational scenarios are assessed to explore all possible validation activities to be performed. The final element 

is preparation of the validation environment; e.g., facilities, equipment, software, and climatic conditions. 

5.1.2.2 Perform Product Validation 

The act of validating the end product is performed as spelled out in the validation plans and procedures, and the 

conformance established to each specified stakeholder expectation shows that the validation objectives were met. 

Validation differs from qualification testing. Validation testing is focused on the expected environments and 

operations of the system where as qualification testing includes the worst-case loads and environmental 

requirements within which the system is expected to perform or survive. The verification lead should ensure that 

the procedures were followed and performed as planned, the validation-enabling products and instrumentation 

were calibrated correctly, and the data were collected and recorded for required validation measures.  

5.1.2.3 Analyze Product Validation Results 

Once the validation activities have been completed, the results are collected and the data are analyzed to confirm 

that the end product provided will supply the customer’s needed capabilities within the intended environments of 

use, validation procedures were followed, and enabling products and supporting resources functioned correctly. 
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The data are also analyzed for quality, integrity, correctness, consistency, and validity, and any unsuitable 

products or product attributes are identified and reported.  

5.1.2.4 Prepare Report and Capture Product Validation Work Products 

Validation work products take many forms and involve many sources of information. The capture and recording 

of validation-related data is a very important, but often underemphasized, step in the Product Validation Process. 

Validation results, deficiencies identified, and corrective actions taken should be captured, as should all relevant 

results from the application of the Product Validation Process (related decisions, rationale for decisions made, 

assumptions, and lessons learned).  

5.1.3 Outputs 

Key outputs of validation are: 

• Validated end product: This is the end product that has successfully passed validation and is ready to be 

transitioned to the next product layer or to the customer. 

• Product validation results: These are the raw results of performing the validations. 

• Product validation report: This report provides the evidence of product conformance with the 

stakeholder expectations that were identified as being validated for the product at this layer. It includes 

any nonconformance, anomalies, or other corrective actions that were taken. 

• Work products: These include procedures, required personnel training, certifications, configuration 

drawings, and other records generated during the validation activities.  

6.0 Product Transition 

The Product Transition Process is used to transition a verified and validated end product that has been generated 

the customer at the next level in the system structure for integration into an end product or, for the top-level end 

product, transitioned to the intended end user. The form of the product transitioned will be a function of the 

product life-cycle phase success criteria and the location within the system structure of the WBS model in which 

the end product exists. The systems engineer involvement in this process includes ensuring the product being 

transitioned has been properly tested and verified/validated prior to being shipped to the next level 

stakeholder/customer.  

6.1 Process Description 

The activities of the Product Transition Process are described below. 

6.1.1 Inputs 

Inputs to the Product Transition Process depend primarily on the transition requirements, the product that is being 

transitioned, the form of the product transition that is taking place, and the location to which the product is 

transitioning. Typical inputs are described below. 

• The end product or products to be transitioned: The product to be transitioned can take several forms. 

It can be a subsystem component, system assembly, or top-level end product. It can be hardware, 

analytical models, or software. It can be newly built, purchased, or reused. A product can transition from 

a lower system product to a higher one by being integrated with other transitioned products. This process 

may be repeated until the final end product is achieved. Each succeeding transition requires unique input 

considerations when preparing the validated product for transition to the next level.  

• Documentation including manuals, procedures, and processes that are to accompany the end 

product: The documentation required for the Product Transition Process depends on the specific end 

product; its current location within the system structure; and the requirements identified in various 
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agreements, plans, or requirements documents. Typically, a product has a unique identification (i.e., serial 

or version number) and may have a pedigree (documentation) that specifies its heritage and current state. 

Pertinent information may be controlled using a configuration control process or work order system as 

well as design drawings and test reports. Documentation often includes proof of verification and 

validation conformance. A COTS product would typically contain a manufacturer’s specification or fact 

sheet. Documentation may include operations manuals, installation instructions, and other information.  

• Product transition-enabling products, including packaging materials; containers; handling 

equipment; and storage, receiving, and shipping facilities: Product transition-enabling products may 

be required to facilitate the implementation, integration, evaluation, transition, training, operations, 

support, and/or retirement of the transition product at its next higher level or for the transition of the final 

end product. Some or all of the enabling products may be defined in transition-related agreements, system 

requirements documents, or project plans. In some cases, product transition-enabling products are 

developed during the realization of the product itself or may be required to be developed during the 

transition stage.  

6.1.2 Process Activities 

Transitioning the product can take one of two forms: 

• The delivery of lower system end products to higher ones for integration into another end product; or 

• The delivery of the final end product to the customer or user that will use it in its operational 

environment.  

In the first case, the end product is one of perhaps several other pieces that will ultimately be integrated together 

to form the item. In the second case, the end product is for final delivery to the customer. For example, the end 

product might be one of several circuit cards that will be integrated together to form the final unit that is 

delivered. Or that unit might also be one of several units that have to be integrated together to form the final 

product.  

Product transition activities include preparing to conduct the transition; making sure the end product, all 

personnel, and any enabling products are ready for transitioning; preparing the site; and performing the transition 

including capturing and documenting all work products.  

6.1.2.1 Prepare to Conduct Transition 

The first task is to identify which of the two forms of transition is needed: (1) the delivery of lower system end 

products to higher ones for integration into another end product; or (2) the delivery of the final end product to the 

customer or user that will use the end product in its operational environment. The form of the product being 

transitioned affects transition planning and the kind of packaging, handling, storage, and transportation that is 

required. The customer and other stakeholder expectations, as well as the specific design solution, may indicate 

special transition procedures or enabling product needs for packaging, storage, handling, shipping / transporting, 

site preparation, installation, and/or sustainability. These requirements need to be reviewed during the preparation 

stage.  

6.1.2.2 Prepare the Site to Receive the Product 

For either of the forms of product transition, the receiving site needs to be prepared to receive the product. Here 

the end product is stored, assembled, integrated, installed, used, and/or maintained as appropriate for the life-cycle 

phase, position of the end product in the system structure, and customer agreement.  

6.1.2.3 Prepare the Product for Transition 

Whether transitioning a product to the next room for integration into the next higher assembly, or for final 

transportation across the country to the customer, care should be taken to ensure the safe transportation of the 
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product. The requirements for packaging, handling, storage, training, and transportation should have been 

identified during system design. Preparing the packaging for protection, security, and prevention of deterioration 

is critical for products placed in storage or when it is necessary to transport or ship between and within 

organizational facilities or between organizations by land, air, and/or water vehicles. Particular emphasis needs to 

be on protecting surfaces from physical damage, preventing corrosion, eliminating damage to electronic wiring or 

cabling, shock or stress damage, heat warping or cold fractures, moisture, and other particulate intrusion that 

could damage moving parts. 

6.1.2.4 Transition the Product 

The end product is then transitioned (i.e., moved, transported, or shipped) with required documentation to the 

customer based on the type of transition required, e.g., to the next higher-level item in the product hierarchy for 

product integration or to the end user. Documentation may include operations manuals, installation instructions, 

and other information. The end product is finally installed into the next higher assembly or into the customer/user 

site using the preapproved installation procedures. 

6.1.2.5 Capture Product Transition Work Products 

Other work products generated during the transition process are captured and archived as appropriate. These may 

include site plans, special handling procedures, training, certifications, videos, inspections, or other products from 

these activities. A checklist can be valuable for documenting transition work products and for preparing for 

delivery. 

6.1.3 Outputs 

• Delivered end product with applicable documentation: This may take one of two forms:  

1. Delivered end product for integration to next level up in system structure: This includes the 

appropriate documentation. The form of the end product and applicable documentation are a 

function of the life-cycle phase and the placement within the system structure. (The form of the 

end product could be hardware, software, model, prototype, first article for test, or single 

operational article or multiple production articles.) Documentation includes applicable draft 

installation, operation, user, maintenance, or training manuals; applicable baseline documents 

(configuration baseline, specifications, and stakeholder expectations); and test results that reflect 

completion of verification and validation of the end product. 

2. Delivered operational end product for end users: The appropriate documentation is to 

accompany the delivered end product as well as the operational end product appropriately 

packaged. Documentation includes applicable final installation, operation, user, maintenance, or 

training manuals; applicable baseline documents (configuration baseline, specifications, 

stakeholder expectations); and test results that reflect completion of verification and validation of 

the end product. If the end user will perform end product validation, sufficient documentation to 

support end user validation activities is delivered with the end product.   

• Work products from transition activities to technical data management: Work products could 

include the transition plan, site surveys, measures, training modules, procedures, decisions, lessons 

learned, corrective actions, etc. 

• Realized enabling end products to appropriate life-cycle support organization: Some of the enabling 

products that were developed during the various phases could include fabrication or integration 

specialized machines; tools; jigs; fabrication processes and manuals; integration processes and manuals; 

specialized inspection, analysis, demonstration, or test equipment; tools; test stands; specialized 

packaging materials and containers; handling equipment; storage-site environments; shipping or 

transportation vehicles or equipment; specialized courseware; instructional site environments; and 

delivery of the training instruction. For the later life-cycle phases, enabling products that are to be 
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delivered may include specialized mission control equipment; data collection equipment; data analysis 

equipment; operations manuals; specialized maintenance equipment, tools, manuals, and spare parts; 

specialized recovery equipment; disposal equipment; and readying recovery or disposal site 

environments.  

7.0 Technical Planning 

The Technical Planning Process establishes a plan for applying and managing each of the common technical 

processes that will be used to drive the development of system products and associated work products. This 

process also establishes a plan for identifying and defining the technical effort required to satisfy the project 

objectives and life-cycle phase success criteria within the cost, schedule, and risk constraints of the project.  

This effort starts with the technical team conducting extensive planning early in the program. With this early 

planning, technical team members will understand the roles and responsibilities of each team member, and can 

establish cost and schedule goals and objectives. From this effort, the Systems Engineering Management Plan 

(SEMP) and other technical plans are developed and baselined. Once the SEMP and technical plans have been 

established, they should be synchronized.  

This is a recursive and iterative process. Early in the life cycle, the technical plans are established and 

synchronized to run the design and realization processes. As the system matures and progresses through the life 

cycle, these plans should be updated as necessary to reflect the current environment and resources and to control 

the project’s performance, cost, and schedule. At a minimum, these updates will occur at every Key Decision 

Point (KDP). However, if there is a significant change in the project, such as new stakeholder expectations, 

resource adjustments, or other constraints, all plans should be analyzed for the impact of these changes on the 

baselined project. 

7.1 Process Description 

The activities of the Technical Planning Process are described below. 

7.1.1 Inputs 

Input to the Technical Planning Process comes from all stakeholders as outputs from the other common technical 

processes. Initial planning utilizing external inputs from the project to determine the general scope and framework 

of the technical effort will be based on known technical and programmatic requirements, constraints, policies, and 

processes. Throughout the project’s life cycle, the technical team continually incorporates results into the 

technical planning strategy and documentation and any internal changes based on decisions and assessments 

generated by the other SE processes or from requirements and constraints mandated by the project. 

• Project Technical Effort Requirements and Project Resource Constraints: The program/project plan 

provides the project’s top-level technical requirements, the available budget allocated to the 

program/project from the program, and the desired schedule to support overall program needs. Although 

the budget and schedule allocated to the program/project serve as constraints, the technical team generates 

a technical cost estimate and schedule based on the actual work required to satisfy the technical 

requirements. Discrepancies between the allocated budget and schedule and the technical team’s actual 

cost estimate and schedule should be reconciled continuously throughout the life cycle. 

 

• Agreements, Capability Needs, Applicable Product Life-Cycle Phase: The program/project plan also 

defines the applicable life-cycle phases and milestones, as well as any internal and external agreements or 

capability needs required for successful execution. The life-cycle phases and programmatic milestones 

provide the general framework for establishing the technical planning effort and for generating the 

detailed technical activities and products required to meet the overall milestones in each of the life-cycle 

phases. 
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• Applicable Policies, Procedures, Standards, and Organizational Processes: The program/project plan 

includes all programmatic policies, procedures, standards, and organizational processes that should be 

adhered to during execution of the technical effort. The technical team should develop a technical 

approach that ensures the program/project requirements are satisfied and that any technical procedures, 

processes, and standards to be used in developing the intermediate and final products comply with the 

policies and processes mandated in the program/project plan. 

 

• Prior Phase or Baseline Plans: The latest technical plans (either baselined or from the previous life-

cycle phase) from other processes should be used in updating the technical planning for the upcoming 

life-cycle phase. 

 

• Replanning Needs: Technical planning updates may be required based on results from technical reviews 

conducted in the Technical Assessment Process, issues identified during the Technical Risk Management 

Process, or from decisions made previously. 

7.1.2 Process Activities 

Technical planning as it relates to systems engineering is intended to define how the project will be organized, 

structured, and conducted and to identify, define, and plan how the common technical processes will be applied in 

each life-cycle phase for all levels of the product hierarchy within the system structure to meet product life-cycle 

phase success criteria. A key document capturing and updating the details from the technical planning process is 

the SEMP.  

The SEMP is a subordinate document to the project plan. The project plan defines how the project will be 

managed to achieve its goals and objectives within defined programmatic constraints. The SEMP defines for all 

project participants how the project will be technically managed within the constraints established by the project. 

The SEMP also communicates how the systems engineering management techniques will be applied throughout 

all phases of the project life cycle.  

Technical planning should be tightly integrated with the Technical Risk Management Process (see Section 6.4) to 

ensure corrective action for future activities will be incorporated based on current issues identified within the 

project.  

Technical planning, as opposed to program or project planning, addresses the scope of the technical effort 

required to develop the system products. While the project manager concentrates on managing the overall project 

life cycle, the technical team, led by the systems engineer, concentrates on managing the technical aspects of the 

project. The technical team identifies, defines, and develops plans for performing engineering functions. 

Additional planning includes defining and planning for the appropriate technical reviews, audits, assessments, and 

status reports and determining crosscutting engineering discipline and/or design verification requirements.  

This section describes how to perform the activities contained in the Technical Planning Process. The initial 

technical planning at the beginning of the project establishes the technical team members; their roles and 

responsibilities; and the tools, processes, and resources that will be utilized in executing the technical effort. In 

addition, the expected activities that the technical team will perform and the products it will produce are 

identified, defined, and scheduled. Technical planning continues to evolve as actual data from completed tasks are 

received and details of near-term and future activities are known. 
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7.1.2.1 Technical Planning Preparation 

For technical planning to be conducted properly, the processes and procedures that are needed to conduct 

technical planning should be identified, defined, and communicated. As participants are identified, their roles and 

responsibilities and any training and/or certification activities should be clearly defined and communicated. 

Once the processes, people, and roles and responsibilities are in place, a planning strategy may be formulated for 

the technical effort. A basic technical planning strategy should address the following: 

• The communication strategy within the technical team and for up and out communications; 

 

• Identification and tailoring of procedural requirements that apply to each level of the PBS structure; 

 

• The level of planning documentation required for the SEMP and all other technical planning documents; 

 

• Identifying and collecting input documentation; 

 

• The sequence of technical work to be conducted, including inputs and outputs; 

 

• The deliverable products from the technical work; 

 

• How to capture the work products of technical activities; 

 

• How technical risks will be identified and managed; 

 

• The tools, methods, and training needed to conduct the technical effort; 

 

• The involvement of stakeholders in each facet of the technical effort; 

 

• The entry and success criteria for milestones, such as technical reviews and life-cycle phases; 

 

• The identification, definition, and control of internal and external interfaces; 

 

• The identification and incorporation of relevant lessons learned into the technical planning; 
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• The team’s approach to capturing lessons learned during the project and how those lessons will be 

recorded; 

 

• The approach for technology development and how the resulting technology will be incorporated into the 

project; 

 

• The identification and definition of the technical metrics for measuring and tracking progress to the 

realized product; 

 

• The criteria for make, buy, or reuse decisions and incorporation criteria for Commercial Off-the-Shelf 

(COTS) software and hardware; 

 

• The plan to identify and mitigate off-nominal performance; 

 

• The “how-tos” for contingency planning and replanning; 

 

• The plan for status assessment and reporting; 

 

• The approach to decision analysis, including materials needed, skills required, and expectations in terms 

of accuracy; and 

 

• The plan for managing the human element in the technical activities and product. 

By addressing these items and others unique to the project, the technical team will have a basis for understanding 

and defining the scope of the technical effort, including the deliverable products that the overall technical effort 

will produce, the schedule and key milestones for the project that the technical team should support, and the 

resources required by the technical team to perform the work.  

A key element in defining the technical planning effort is understanding the amount of work associated with 

performing the identified activities. Once the scope of the technical effort begins to coalesce, the technical team 

may begin to define specific planning activities and to estimate the amount of effort and resources required to 

perform each task. Historically, many projects have underestimated the resources required to perform proper 

planning activities and have been forced into a position of continuous crisis management in order to keep up with 

changes in the project. 

 

 

Identifying Facilities 
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The planning process also includes identifying the required facilities, laboratories, test beds, and instrumentation 

needed to build, test, launch, and operate a variety of commercial and Government products. A sample list of the 

kinds of facilities that might be considered when planning is illustrated in Table 7.1-1. 

Table 7.1-1 Examples of Types of Facilities to Consider during Planning 

 

7.1.2.2 Define the Technical Work 

The technical effort should be defined commensurate with the level of detail needed for the life cycle phase. 

When performing the technical planning, realistic values for cost, schedule, and labor resources should be used. 

Whether extrapolated from historical databases or from interactive planning sessions with the project and 

stakeholders, realistic values should be calculated and provided to the project team. Contingency should be 

included in any estimate and should be based on the complexity and criticality of the effort. Contingency planning 

should be conducted. The following are examples of contingency planning: 

• Additional, unplanned-for software engineering resources are typically needed during hardware and 

systems development and testing to aid in troubleshooting errors/anomalies. Frequently, software 

engineers are called upon to help troubleshoot problems and pinpoint the source of errors in hardware and 

systems development and testing (e.g., for writing additional test drivers to debug hardware problems). 

Additional software resources should be planned into the project contingencies to accommodate 

inevitable component and system debugging and avoid cost and schedule overruns. 

 

• Hardware-In-the-Loop (HWIL) should be accounted for in the technical planning contingencies. HWIL 

testing is typically accomplished as a debugging exercise where the hardware and software are brought 

together for the first time in the costly environment of HWIL. If upfront work is not done to understand 

the messages and errors arising during this test, additional time in the HWIL facility may result in 

significant cost and schedule impacts. Impacts may be mitigated through upfront planning, such as 

making appropriate debugging software available to the technical team prior to the test, etc. 

 

• Similarly, Human-In-The-Loop (HITL) evaluations identify contingency operational issues. HITL 

investigations are particularly critical early in the design process to expose, identify, and cost-effectively 

correct operational issues—nominal, maintenance, repair, off-nominal, training, etc.—in the required 

human interactions with the planned design. HITL testing should also be approached as a debugging 

exercise where hardware, software, and human elements interact and their performance is evaluated. If 
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operational design and/or performance issues are not identified early, the cost of late design changes will 

be significant. 

7.1.2.3 Schedule, Organize, and Budget the Technical Effort 

Once the technical team has defined the technical work to be done, efforts can focus on producing a schedule and 

cost estimate for the technical portion of the project. The technical team should organize the technical tasks 

according to the project WBS in a logical sequence of events, taking into consideration the major project 

milestones, phasing of available funding, and timing of the availability of supporting resources. 

Scheduling 

Products described in the WBS are the result of activities that take time to complete. These activities have time 

precedence relationships among them that may be used to create a network schedule explicitly defining the 

dependencies of each activity on other activities, the availability of resources, and the receipt of receivables from 

outside sources. Use of a scheduling tool may facilitate the development and maintenance of the schedule.  

Scheduling is an essential component of planning and managing the activities of a project. The process of creating 

a network schedule provides a standard method for defining and communicating what needs to be done, how long 

it will take, and how each element of the project WBS might affect other elements. A complete network schedule 

may be used to calculate how long it will take to complete a project; which activities determine that duration (i.e., 

critical path activities); and how much spare time (i.e., float) exists for all the other activities of the project.  

“Critical path” is the sequence of dependent tasks that determines the longest duration of time needed to complete 

the project. These tasks drive the schedule and continually change, so they should be updated. The critical path 

may encompass only one task or a series of interrelated tasks. It is important to identify the critical path and the 

resources needed to complete the critical tasks along the path if the project is to be completed on time and within 

its resources. As the project progresses, the critical path will change as the critical tasks are completed or as other 

tasks are delayed. This evolving critical path with its identified tasks needs to be carefully monitored during the 

progression of the project.  

Network scheduling systems help managers accurately assess the impact of both technical and resource changes 

on the cost and schedule of a project. Cost and technical problems often show up first as schedule problems. 

Understanding the project’s schedule is a prerequisite for determining an accurate project budget and for tracking 

performance and progress. Because network schedules show how each activity affects other activities, they assist 

in assessing and predicting the consequences of schedule slips or accelerations of an activity on the entire project.  

For additional information on scheduling, refer to NASA Scheduling Management Handbook, NASA/SP-2010-

3403. 

Budgeting 

Budgeting and resource planning involve establishing a reasonable project baseline budget and the capability to 

analyze changes to that baseline resulting from technical and/or schedule changes. The project’s WBS, baseline 

schedule, and budget should be viewed as mutually dependent, reflecting the technical content, time, and cost of 

meeting the project’s goals and objectives. The budgeting process needs to take into account whether a fixed cost 

cap or fixed cost profile exists. When no such cap or profile exists, a baseline budget is developed from the WBS 

and network schedule. This specifically involves combining the project team and other resource needs with the 

appropriate costs and other financial and programmatic factors to obtain cost element estimates. For student-lead 

projects, there may or may not be direct labor costs associated with project tasks. The elements of cost include: 

• Direct labor costs, 

 

• Overhead costs, 

https://www.nasa.gov/pdf/420297main_NASA-SP-2010-3403.pdf
https://www.nasa.gov/pdf/420297main_NASA-SP-2010-3403.pdf
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• Other direct costs (travel, data processing, etc.), 

 

• Subcontract costs, 

 

• Material costs, 

 

• Equipment costs, 

 

• General and administrative costs, 

 

• Cost of money (i.e., interest payments, if applicable), 

 

• Fee (if applicable), and 

 

• Contingency (Unallocated Future Expenses (UFE)). 

7.1.2.4 Prepare the SEMP and Other Technical Plans 

Systems Engineering Management Plan 

The SEMP is the primary, top-level technical management document for the project and is developed early in the 

Formulation Phase and updated throughout the project life cycle. The SEMP is driven by the type of project, the 

phase in the project life cycle, and the technical development risks and is written specifically for each project or 

project element. While the specific content of the SEMP is tailored to the project, the recommended content is 

discussed in Appendix C. It is important to remember that the main value of the SEMP is in the work that goes 

into the planning.  

The technical team, working under the overall project plan, develops and updates the SEMP as necessary. The 

technical team works with the project manager to review the content and obtain concurrence. This allows for 

thorough discussion and coordination of how the proposed technical activities would impact the programmatic, 

cost, and schedule aspects of the project. The SEMP provides the specifics of the technical effort and describes 

the technical processes that will be used, how the processes will be applied using appropriate activities, how the 

project will be organized to accomplish the activities, and the cost and schedule associated with accomplishing the 

activities.  

The physical length of a SEMP is not what is important. This will vary from project to project. The plan needs to 

be adequate to address the specific technical needs of the project. It is a living document that is updated as often 

as necessary to incorporate new information as it becomes available and as the project develops through the 

Implementation Phase. The SEMP should not duplicate other project documents; however, the SEMP should 

reference and summarize the content of other technical plans.  

The systems engineer and project manager should identify additional required technical plans based on the project 

scope and type. If plans are not included in the SEMP, they should be referenced and coordinated in the 
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development of the SEMP. Other plans, such as system safety, probabilistic risk assessment, and an HSI Plan also 

may be planned for and coordinated with the SEMP. If a technical plan is a stand-alone, it should be referenced in 

the SEMP. Depending on the size and complexity of the project, these may be separate plans or they may be 

included within the SEMP. Once identified, the plans can be developed, training on these plans established, and 

the plans implemented. Examples of technical plans in addition to the SEMP are listed in Appendix D.  

The SEMP should be developed prior to beginning project execution. In developing the SEMP, the technical 

approach to the project’s life cycle is developed. This determines the project’s length and cost. The development 

of the programmatic and technical management approaches requires that the key project personnel develop an 

understanding of the work to be performed and the relationships among the various parts of that work. Refer to 

Sections 6.1.2.1 and 6.1.1.2 on WBSs and network scheduling, respectively. The SEMP then flows into the 

project plan to ensure the proper allocation of resources including cost, schedule, and personnel.  

The SEMP’s development requires contributions from knowledgeable programmatic and technical experts from 

all areas of the project that can significantly influence the project’s outcome. The involvement of recognized 

experts is needed to establish a SEMP that is credible to the project manager and to secure the full commitment of 

the project team. 

Role of the SEMP 

The SEMP is the rule book that describes to all participants how the project will be technically managed. The 

technical team on the project should have a SEMP to describe how it will conduct its technical management. 

Since the SEMP is unique to a project, it should be updated for each significant programmatic change or it will 

become outmoded and unused and the project could slide into an uncontrolled state. The project team should have 

its SEMP developed before attempting to prepare an initial cost estimate since activities that incur cost, such as 

technical risk reduction and human element accounting, need to be identified and described beforehand. The 

SEMP describes the technical content of the project, the potentially costly risk management activities, and the 

verification and validation techniques to be used, all of which should be included in the preparation of project cost 

estimates. The project SEMP is the senior technical management document for the project; all other technical 

plans should comply with it. The SEMP should be comprehensive and describe how a fully integrated engineering 

effort will be managed and conducted. 

Verification Plan 

The verification plan is developed as part of the Technical Planning Process and is baselined at PDR. As the 

design matures throughout the life cycle, the plan is updated and refined as needed. The task of preparing the 

verification plan includes establishing the method of verification to be performed, dependent on the life-cycle 

phase; the position of the product in the system structure; the form of the product used; and the related costs of 

verification of individual specified requirements. The verification methods include analyses, inspection, 

demonstration, and test. In some cases, the complete verification of a given requirement might require more than 

one method. For example, to verify the performance of a product may require looking at many use cases. This 

might be accomplished by running a Monte Carlo simulation (analysis) and also running actual tests on a few of 

the key cases. The verification plan, typically written at a detailed technical level, plays a pivotal role in bottom-

up product realization.  

A phase product can be verified recursively throughout the project life cycle and on a wide variety of product 

forms. For example: 

• Simulated (algorithmic models, virtual reality simulator); 

 

• Mockup (plywood, brassboard, breadboard); 
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• Concept description (paper report); 

 

• Engineering unit (fully functional but may not be same form/fit); 

 

• Prototype (form, fit, and function); 

 

• Design verification test units (form, fit, and function is the same, but they may not have flight parts); 

 

• Qualification units (identical to flight units but may be subjected to extreme environments); and 

 

• Flight units (end product that is flown, including protoflight units). 

 

Verification of the end product—that is, the official “run for the record” verification where the program/project 

takes credit for meeting a requirement—is usually performed on a qualification, protoflight, or flight unit to 

ensure its applicability to the flight system. However, with discussion and approval from the program/project and 
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systems engineering teams, verification credit may be taken on lower fidelity units if they can be shown to be 

sufficiently like the flight units in the areas to be verified.  

Any of these types of product forms may be in any of these states: 

• Produced (built, fabricated, manufactured, or coded); 

 

• Reused (modified internal non-developmental products or OTS product); or  

 

• Assembled and integrated (a composite of lower-level products).  

The conditions and environment under which the product is to be verified should be established and the 

verification should be planned based on the associated entrance/exit criteria that are identified. 

Procedures should be prepared to conduct verification based on the method (e.g., analysis, inspection, 

demonstration, or test) planned. These procedures are typically developed during the design phase of the project 

life cycle and matured as the design is matured. Operational use scenarios are thought through in order to explore 

all possible verification activities to be performed. 

 

As appropriate, project risk items are updated based on approved verification strategies that cannot duplicate fully 

integrated test systems, configurations, and/or target operating environments. Rationales, trade space, 

optimization results, and implications of the approaches are documented in the new or revised risk statements as 

well as references to accommodate future design, test, and operational changes to the project baseline. 

Validation Plan 

The validation plan is one of the work products of the Technical Planning Process and is generated to validate the 

end product against the baselined stakeholder expectations. This plan can take many forms. The plan describes the 

total Test and Evaluation (T&E) planning from development of lower-end through higher-end products in the 

system structure and through operational T&E into production and acceptance. It may combine the verification 

and validation plans into a single document, especially for smaller project efforts. (See Appendix E for a sample 

Verification and Validation Plan outline.)  

The methods of validation include test, demonstration, inspection, and analysis. While the name of each method is 

the same as the name of the methods for verification, the purpose and intent as described above are quite different.  

Planning to conduct the product validation is a key first step. The method of validation to be used (e.g., analysis, 

demonstration, inspection, or test) should be established based on the form of the realized end product, the 

applicable life-cycle phase, cost, schedule, resources available, and location of the system product within the 

system structure.  

An established set or subset of expectations or behaviors to be validated should be identified and the validation 

plan reviewed (an output of the Technical Planning Process, based on design solution outputs) for any specific 

procedures, constraints, success criteria, or other validation requirements. The conditions and environment under 

which the product is to be validated should be established and the validation should be planned based on the 

relevant life-cycle phase and associated success criteria identified. The Decision Analysis Process should be used 

to help finalize the planning details.  
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It is important to review the validation plans with relevant stakeholders and to understand the relationship 

between the context of the validation and the context of use (human involvement). As part of the planning 

process, validation-enabling products should be identified and scheduling and/or acquisition should be initiated.  

Procedures should be prepared to conduct validation based on the method planned; e.g., analysis, inspection, 

demonstration, or test). These procedures are typically developed during the design phase of the project life cycle 

and matured as the design is matured. Operational and use-case scenarios are thought through in order to explore 

all possible validation activities to be performed.  

Validation is conducted by the user/operator or by the developer. Systems-level validation may be performed by 

an acquirer testing organization. For those portions of validation performed by the developer, appropriate 

agreements should be negotiated to ensure that validation proof-of-documentation is delivered with the product.  

Regardless of the source (buy, make, reuse, assemble and integrate) and the position in the system structure, all 

realized end products should be validated to demonstrate/confirm satisfaction of stakeholder expectations. 

Variations, anomalies, and out-of-compliance conditions, where such have been detected, are documented along 

with the actions taken to resolve the discrepancies. Validation is typically carried out in the intended operational 

environment or a relevant environment under simulated or actual operational conditions, not necessarily under the 

tightly controlled conditions usually employed for the Product Verification Process. 

 

Validation of phase products can be performed recursively throughout the project life cycle and on a wide variety 

of product forms. For example: 

• Simulated (algorithmic models, virtual reality simulator); 

 

• Mockup (plywood, brassboard, breadboard); 

 

• Concept description (paper report); 

 

• Engineering unit (functional but may not be same form/fit); 

 

• Prototype (product with form, fit, and function); 
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• Design validation test units (form, fit, and function may be the same, but they may not have flight parts); 

 

• Qualification unit (identical to flight unit but may be subjected to extreme environments); and 

 

• Flight unit (end product that is flown).  

 

Any of these types of product forms may be in any of these states: 

 

• Produced (built, fabricated, manufactured, or coded); 

 

• Reused (modified internal non-developmental products or off-the-shelf product); or 

 

• Assembled and integrated (a composite of lower-level products). 

 

For additional information on technical plans, refer to the following appendices of this document and to Section 

6.1.1.2.4 of the NASA Expanded Guidance for Systems Engineering at Expanded Guidance for NASA SE 

NASA/SP-2016-6105-SUPPL: 

• Appendix A Integration Plan Outline 

• Appendix E Verification and Validation Plan Outline 

• Appendix C SEMP Content Outline 

• Appendix D Technical Plans 

• Appendix F Interface Requirements Document Outline 

• Appendix G CM Plan Outline 

• Appendix H HSI Plan Outline 

• Appendix I Concept of Operations Outline 

https://ntrs.nasa.gov/api/citations/20170007238/downloads/20170007238.pdf
https://ntrs.nasa.gov/api/citations/20170007238/downloads/20170007238.pdf
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7.1.2.5 Obtain Stakeholder Commitments to Technical Plans 

Stakeholder Roles in Project Planning 

To obtain commitments to the technical plans from the stakeholders, the technical team should ensure that the 

appropriate stakeholders, including subject domain experts, have a method to provide inputs and to review the 

project planning for implementation of stakeholder interests.  

During the Formulation Phase, the roles of the stakeholders should be defined in the project plan and the SEMP. 

Review of these plans and the agreements from the stakeholders to the content of these plans constitutes buy-in 

from the stakeholders to the technical approach. It is essential to identify the stakeholders and get their 

concurrence on the technical approach.  

Later in the project life cycle, stakeholders may be responsible for delivering products to the project. Initial 

agreements regarding the responsibilities of the stakeholders are key to ensuring that the project technical team 

obtains the appropriate deliveries from stakeholders. 

For university project teams, stakeholders may be instructors or professors, project sponsors, or local subject 

matter experts just to name a few. 

Stakeholder Involvement in Defining Requirements 

The identification of stakeholders is one of the early steps in the systems engineering process. As the project 

progresses, stakeholder expectations are flowed down and specific stakeholders are identified for all of the 

primary and derived requirements. A critical part of the stakeholders’ involvement is in the definition of the 

technical requirements. As requirements and the ConOps are developed, the stakeholders will be required to agree 

to these products. Inadequate stakeholder involvement leads to inadequate requirements and a resultant product 

that does not meet the stakeholder expectations. Status on relevant stakeholder involvement should be tracked and 

corrective action taken if stakeholders are not participating as planned. 

Stakeholder Support Forums 

During development of the project plan and the SEMP, forums are established to facilitate communication and 

document decisions during the life cycle of the project. These forums include meetings, working groups, decision 

panels, and control boards. Each of these forums should establish a charter to define the scope and authority of the 

forum and identify necessary voting or nonvoting participants. Ad hoc members may be identified when the 

expertise or input of specific stakeholders is needed when specific topics are addressed. It is important to ensure 

that stakeholders have been identified to support the forum. 

7.1.2.6 Capture Technical Planning Work Products 

The work products from the Technical Planning Process should be managed as required. Some of the more 

important products of technical planning (i.e., the WBS, the SEMP, and the schedule, etc.) are kept under current 

throughout the project life cycle. Additional products are captured such as trade studies, cost estimates, technical 

analyses, reports, and other important. Work products, such as meeting minutes and correspondence (including e-

mail) containing decisions or agreements with stakeholders also should be retained and stored in project files for 

later reference. 

7.1.3 Outputs 

Typical outputs from technical planning activities are: 

• Technical work cost estimates, schedules, and resource needs: e.g., funds, workforce, facilities, and 

equipment (to the project) within the project resources; 
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• Product and process measures: Those needed to assess progress of the technical effort and the 

effectiveness of processes (to the Technical Assessment Process); 

 

• SEMP and other technical plans: Technical planning strategy, WBS, SEMP, HSI Plan, V&V Plan, and 

other technical plans that support implementation of the technical effort (to all processes; applicable plans 

to technical processes); 

 

• Technical Planning Process work products: Includes products needed to provide reports, records, and 

non-deliverable outcomes of process activities.  

The resulting technical planning strategy constitutes an outline, or rough draft, of the SEMP. This serves as a 

starting point for the overall Technical Planning Process after initial preparation is complete. When preparations 

for technical planning are complete, the technical team should have a cost estimate and schedule for the technical 

planning effort. The budget and schedule to support the defined technical planning effort can then be negotiated 

with the project manager to resolve any discrepancies between what is needed and what is available. The SEMP 

baseline needs to be completed. Planning for the update of the SEMP based on programmatic changes needs to be 

developed and implemented. The SEMP needs to be approved by the appropriate level of authority. 

7.2 Technical Planning Guidance 

Refer to Section 6.1.2 in the NASA Expanded Guidance for Systems Engineering at Expanded Guidance for 

NASA SE NASA/SP-2016-6105-SUPPL for additional guidance on: 

• Work Breakdown Structure (WBS), 

• cost definition and modeling, and 

• lessons learned.  

Additional information on the WBS can also be found in NASA Work Breakdown Structure Handbook, 

NASA/SP-2016-3403/REV1. NASA/SP-2010-3404, NASA Work Breakdown Structure Handbook and on 

costing in the NASA Cost Estimating Handbook. 

8.0 Interface Management 

The definition, management, and control of interfaces are crucial to successful programs or projects. Interface 

management is a process to assist in controlling product development when efforts are divided among parties 

(e.g., Government, contractors, geographically diverse technical teams, etc.) and/or to define and maintain 

compliance among the products that should interoperate.  

The basic tasks that need to be established involve the management of internal and external interfaces of the 

various levels of products and operator tasks to support product integration. These basic tasks are as follows: 

• Define interfaces; 

 

• Identify the characteristics of the interfaces (physical, electrical, mechanical, human, etc.); 

 

• Ensure interface compatibility at all defined interfaces by using a process documented and approved by 

the project; 

https://ntrs.nasa.gov/api/citations/20170007238/downloads/20170007238.pdf
https://ntrs.nasa.gov/api/citations/20170007238/downloads/20170007238.pdf
https://ntrs.nasa.gov/api/citations/20180000844/downloads/20180000844.pdf
https://ntrs.nasa.gov/api/citations/20180000844/downloads/20180000844.pdf
https://www.nasa.gov/sites/default/files/files/01_CEH_Main_Body_02_27_15.pdf
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• Strictly control all of the interface processes during design, construction, operation, etc.; 

 

• Identify lower-level products to be assembled and integrated (from the Product Transition Process); 

 

• Identify assembly drawings or other documentation that show the complete configuration of the product 

being integrated, a parts list, and any assembly instructions (e.g., torque requirements for fasteners); 

 

• Identify end-product, design-definition-specified requirements (specifications), and configuration 

documentation for the applicable work breakdown structure model, including interface specifications, in 

the form appropriate to satisfy the product life-cycle phase success criteria; and 

 

• Identify product integration-enabling products (from existing resources or the Product Transition Process 

for enabling product realization). 

8.1 Process Description 

The activities of the Interface Management Process are described below. 

8.1.1 Inputs 

Typical inputs needed to understand and address interface management would include the following: 

• Interface Requirements: These include the internal and external functional, physical, and performance 

interface requirements developed previously for the product(s). 

 

• Interface Change Requests: These include changes resulting from program or project agreements or 

changes on the part of the technical team. 

Other inputs that might be useful are: 

• System Description: This allows the design of the system to be explored and examined to determine 

where system interfaces exist.  

 

• System Boundaries: Documented physical boundaries, components, and/or subsystems, which are all 

drivers for determining where interfaces exist. 

 

• Organizational Structure: Decisions on which organization will dictate interfaces, particularly when 

there is the need to jointly agree on shared interface parameters of a system. The program and project 

WBS will also provide organizational interface boundaries. 

 

• Boards Structure: Defined board structure that identifies organizational interface responsibilities. 
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8.1.2 Prepare or Update Interface Management Procedures 

These procedures establish the interface management responsibilities, what process will be used to maintain and 

control the internal and external functional and physical interfaces (including human), and how the change 

process will be conducted. Training of the technical teams or other support may also be required and planned. 

8.1.3 Conduct Interface Management during System Design Activities 

During project formulation, the ConOps of the product is analyzed to identify both external and internal 

interfaces. This analysis will establish the origin, destination, stimuli, and special characteristics of the interfaces 

that need to be documented and maintained. As the system structure and architecture emerges, interfaces will be 

added and existing interfaces will be changed and should be maintained. Thus, the Interface Management Process 

has a close relationship to other areas during this period. 

8.1.4 Conduct Interface Management during Product Integration 

During product integration, interface management activities would support the review of integration and assembly 

procedures to ensure interfaces are properly marked and compatible with specifications and interface control 

documents. The interface management process has a close relationship to verification and validation. Interface 

control documentation and approved interface requirement changes are used as inputs to the Product Verification 

Process and the Product Validation Process, particularly where verification test constraints and interface 

parameters are needed to set the test objectives and test plans. Interface requirements verification is a critical 

aspect of the overall system verification. 

8.1.5 Conduct Interface Control 

Typically, an Interface Working Group (IWG) establishes communication links between those responsible for 

interfacing systems, end products, enabling products, and subsystems. The IWG has the responsibility to ensure 

accomplishment of the planning, scheduling, and execution of all interface activities. An IWG is typically a 

technical team with appropriate technical membership from the interfacing parties. The IWG may work 

independently or as a part of a larger change control board. 

8.1.6 Capture Work Products 

Work products include the strategy and procedures for conducting interface management, rationale for interface 

decisions made, assumptions made in approving or denying an interface change, actions taken to correct identified 

interface anomalies, lessons learned and updated support and interface agreement documentation. 

8.1.7 Outputs 

Typical outputs needed to capture interface management would include: 

• Interface control documentation. This is the documentation that identifies and captures the interface 

information and the approved interface change requests. Types of interface documentation include the 

Interface Requirements Document (IRD), Interface Control Document/Drawing (ICD), Interface 

Definition Document (IDD), and Interface Control Plan (ICP). These outputs will then be maintained and 

approved and become a part of the overall technical data package for the project. 

 

• Approved interface requirement changes. After the interface requirements have been baselined, they 

should be managed to identify the need for changes, evaluate the impact of the proposed change, 

document the final approval/disapproval, and update the requirements documentation/tool/database. For 

interfaces that require approval from all sides, unanimous approval is required. Changing interface 

requirements late in the design or implementation life cycle is more likely to have a significant impact on 

the cost, schedule, or technical design/operations. 
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• Other work products. These work products include the strategy and procedures for conducting interface 

management, the rationale for interface decisions made, the assumption made in approving or denying an 

interface change, the actions taken to correct identified interface anomalies, the lessons learned in 

performing the interface management activities, and the updated support and interface agreement 

documentation. 

8.2 Interface Management Guidance 

Refer to Section 6.3.2 in the NASA Expanded Guidance for Systems Engineering at Expanded Guidance for 

NASA SE NASA/SP-2016-6105-SUPPL for additional guidance on: 

• interface requirements documents, 

• interface control documents, 

• interface control drawings, 

• interface definition documents, 

• the interface control plans, and 

• interface management tasks. 

9.0 Technical Risk Management 

The Technical Risk Management Process is one of the crosscutting technical management processes. Risk is the 

potential for performance shortfalls, which may be realized in the future, with respect to achieving explicitly 

established and stated performance requirements. The performance shortfalls may be related to institutional 

support for mission execution or related to any one or more of the following mission execution domains: 

• Safety 

• Technical 

• Cost 

• Schedule 

Systems engineers are involved in this process to help identify potential technical risks, develop mitigation plans, 

monitor progress of the technical effort to determine if new risks arise or old risks can be retired, and to be 

available to answer questions and resolve issues. The following is guidance in implementation of risk 

management in general. Thus, when implementing risk management on any given program/project, the 

responsible systems engineer should direct the effort accordingly. The idea is to tailor the risk management 

process so that it meets the needs of the individual program/project being executed.  

Risk is characterized by three basic components: 

1. The scenario(s) leading to degraded performance with respect to one or more performance measures (e.g., 

scenarios leading to injury, fatality, destruction of key assets; scenarios leading to exceedance of mass 

limits; scenarios leading to cost overruns; scenarios leading to schedule slippage); 

 

2. The likelihood(s) (qualitative or quantitative) of those scenario(s); and 

 

3. The consequence(s) (qualitative or quantitative severity of the performance degradation) that would result 

if the scenario(s) was (were) to occur.  

https://ntrs.nasa.gov/api/citations/20170007238/downloads/20170007238.pdf
https://ntrs.nasa.gov/api/citations/20170007238/downloads/20170007238.pdf
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Uncertainties are included in the evaluation of likelihoods and consequences.  

Scenarios begin with a set of initiating events that cause the activity to depart from its intended state. For each 

initiating event, other events that are relevant to the evolution of the scenario may (or may not) occur and may 

have either a mitigating or exacerbating effect on the scenario progression. The frequencies of scenarios with 

undesired consequences are determined. Finally, the multitude of such scenarios is put together, with an 

understanding of the uncertainties, to create the risk profile of the system.  

This “risk triplet” conceptualization of risk is illustrated in Figures 9.0-1 and 9.0-2. 

 

Figure 9.0-1 Risk Scenario Development (Source: NASA/SP-2011-3421) 

 

 

Figure 9.0-2 Risk as an Aggregate Set of Risk Triplets 

Undesired scenario(s) might come from technical or programmatic sources (e.g., a cost overrun, schedule 

slippage, safety mishap, health problem, malicious activities, environmental impact, or failure to achieve a needed 

scientific or technological objective or success criterion). Both the likelihood and consequences may have 

associated uncertainties. 
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9.1 Risk Management Process Description 

The activities of the Risk Management Process are described below. 

9.1.1 Inputs 

The following are typical inputs to risk management: 

• Project Risk Management Plan: The Risk Management Plan is developed under the Technical Planning 

Process and defines how risk will be identified, mitigated, monitored, and controlled within the project. 

 

• Technical Risk Issues: These will be the technical issues identified as the project progresses that pose a 

risk to the successful accomplishment of the project mission/goals. 
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• Technical Risk Status Measurements: These are any measures that are established that help to monitor 

and report the status of project technical risks. 

 

• Technical Risk Reporting Requirements: Includes requirements of how technical risks will be reported, 

how often, and to whom. 

Additional inputs that may be useful: 

• Other Plans and Policies: Systems Engineering Management Plan, form of technical data products, and 

policy input to metrics and thresholds. 

 

• Technical Inputs: Stakeholder expectations, concept of operations, imposed constraints, tracked 

observables, current program baseline, performance requirements, and relevant experience data. 

9.1.2 Prepare a Strategy to Conduct Technical Risk Management 

This strategy would include documenting how the program/project risk management plan will be implemented, 

identifying any additional technical risk sources and categories not captured in the plan, identifying what will 

trigger actions and how these activities will be communicated to the internal and external teams. 

9.1.3 Identify Technical Risks 

On a continuing basis, the technical team will identify technical risks including their source, analyze the potential 

consequence and likelihood of the risks occurring, and prepare clear risk statements for entry into the 

program/project risk management system. Coordination with the relevant stakeholders for the identified risks is 

included. 

9.1.4 Conduct Technical Risk Management 

The risk management approach described in this guide entails two complementary processes: Risk-Informed 

Decision Making (RIDM) and Continuous Risk Management (CRM). RIDM is intended to inform direction-

setting systems engineering (SE) decisions (e.g., design decisions) through better use of risk and uncertainty 

information in selecting alternatives and establishing baseline performance requirements.  

CRM is then used to manage risks over the course of the development and implementation phases of the life cycle 

to assure that requirements related to safety, technical, cost, and schedule are met. In the past, RM was considered 

equivalent to the CRM process; now, RM is defined as comprising both the RIDM and CRM processes, which 

work together to assure proactive risk management as programs and projects are conceived, developed, and 

executed. Figure 9.1-1 illustrates the concept. 
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Figure 9.1-1 Risk Management as the Interaction of Risk-Informed Decision Making and Continuous Risk 

Management (Source: NASA/SP-2011-3422) 

9.1.5 Prepare for Technical Risk Mitigation 

This includes selecting the risks that will be mitigated and more closely monitored, identifying the risk level or 

threshold that will trigger a risk mitigation action plan, and identifying for each risk which stakeholders will need 

to be informed that a mitigation/contingency action is determined as well as which organizations will need to 

become involved to perform the mitigation/contingency action. 

9.1.6 Monitor the Status of Each Technical Risk Periodically 

Risk status will need to be monitored periodically at a frequency identified in the risk plan. Risks that are 

approaching the trigger thresholds will be monitored on a more frequent basis. Reports of the status are made to 

the appropriate program/project management or board for communication and for decisions whether to trigger a 

mitigation action early. Risk status will also be reported at most life-cycle reviews. 

9.1.7 Implement Technical Risk Mitigation and Contingency Action Plans as Triggered 

When the applicable thresholds are triggered, the technical risk mitigation and contingency action plans are 

implemented. This includes monitoring the results of the action plan implementation and modifying them as 

necessary, continuing the mitigation until the residual risk and/or consequence impacts are acceptable, and 

communicating the actions and results to the identified stakeholders. Action plan reports are prepared and results 

reported at appropriate boards and at life-cycle reviews. 

9.1.8 Capture Work Products 

Work products include the strategy and procedures for conducting technical risk management; the rationale for 

decisions made; assumptions made in prioritizing, handling, and reporting technical risks and action plan 

effectiveness; actions taken to correct action plan implementation anomalies; and lessons learned. 

9.1.9 Outputs 

Following are key risk outputs from activities: 

• Technical Risk Mitigation and/or Contingency Actions: Actions taken to mitigate identified risks or 

contingency actions taken in case risks are realized. 

 

• Technical Risk Reports: Reports of the technical risk policies, status, remaining residual risks, actions 

taken, etc. Output at the agreed-to frequency and recipients. 
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• Work Products: Includes the procedures for conducting technical risk management; rationale for 

decisions made; selected decision alternatives; assumptions made in prioritizing, handling, and reporting 

technical risks; and lessons learned. 

9.2 Risk Management Process Guidance 

For additional guidance on risk management, refer to NASA RIDM Handbook NASA/SP-2010-576 and NASA 

Risk Management Handbook NASA/SP-2011-3422. 

10.0 Technical Data Management 

The Technical Data Management Process is used to plan for, acquire, access, manage, protect, and use data of a 

technical nature to support the total life cycle of a system. Data Management (DM) includes the development, 

deployment, operations and support, eventual retirement, and retention of appropriate technical, to include 

mission and science, data beyond system retirement. 

Key aspects of DM for systems engineering include: 

• Application of policies and procedures for data identification and control, 

 

• Timely and economical acquisition of technical data, 

 

• Assurance of the adequacy of data and its protection, 

 

• Facilitating access to and distribution of the data to the point of use, 

 

• Analysis of data use,  

 

•  Evaluation of data for future value to other programs/projects, and 

 

• Process access to information written in legacy software.  

The Technical Data Management ensures all information about the project is safe, known, and accessible. 

Changes to information under Technical Data Management need to be managed by identifying who can make 

changes to each type of technical data. 

10.1 Process Description 

The activities of the Technical Data Management Process are described below. 

10.1.1 Inputs 

The inputs for this process are: 

• Technical data products to be managed: Technical data, regardless of the form or method of recording 

and who has generated the data during the life cycle of the system being developed. (Electronic technical 

data should be stored with sufficient metadata to enable easy retrieval and sorting.) 

 

https://ntrs.nasa.gov/api/citations/20100021361/downloads/20100021361.pdf
https://ntrs.nasa.gov/api/citations/20120000033/downloads/20120000033.pdf
https://ntrs.nasa.gov/api/citations/20120000033/downloads/20120000033.pdf
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• Technical data requests: External or internal requests for any of the technical data generated by the 

program/project. 

10.1.2 Prepare for Technical Data Management Implementation 

The recommended procedure is that the DM plan to be a standalone plan. DM issues are usually of sufficient 

magnitude to justify a separate plan. The plan should cover the following major DM topics: 

• Identification/definition/management of data sets. 

 

• Control procedures—receipt, modification, review, and approval. 

 

• Guidance on how to access/search for data for users. 

 

• Data exchange formats that promote data reuse and help to ensure that data can be used consistently 

throughout the system, family of systems, or system of systems. 

 

• Data rights and distribution limitations such as export-control Sensitive But Unclassified (SBU). 

 

• Storage and maintenance of data, including master lists where documents and records are maintained and 

managed.  

Prepare a technical data management strategy. This strategy can document how the program / project data 

management plan will be implemented by the technical effort or, in the absence of such a program-level plan, be 

used as the basis for preparing a detailed technical data management plan, including: 

➢ Items of data that will be managed according to program/project or organizational policy, agreements, 

or legislation; 

 

➢ The data content and format; 

 

➢ A framework for data flow within the program/project and to/from contractors including the 

language(s) to be employed in technical effort information exchanges; 

 

➢ Technical data management responsibilities and authorities regarding the origin, generation, capture, 

archiving, security, privacy, and disposal of data products; 

 

➢ Establishing the rights, obligations, and commitments regarding the retention of, transmission of, and 

access to data items; and 
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➢ Relevant data storage, transformation, transmission, and presentation standards and conventions to be 

used according to program/project or organizational policy, agreements, or legislative constraints. 

 

• Obtain strategy/plan commitment from relevant stakeholders. 

 

• Prepare procedures for implementing the technical data management strategy for the technical effort 

and/or for implementing the activities of the technical data management plan. 

 

• Establish a technical database(s) to use for technical data maintenance and storage or work with the 

program/project staff to arrange use of the program/project database(s) for managing technical data. 

 

• Establish data collection tools, as appropriate to the technical data management scope and available 

resources. 

 

• Establish electronic data exchange interfaces in accordance with applicable standards.  

Train appropriate stakeholders and other technical personnel in the established technical data management 

strategy/plan, procedures, and data collection tools, as applicable. 

Data Identification/Definition 

Each program/project determines data needs during the life cycle. Data types may be defined in standard 

documents. The standard description is modified to suit program/project-specific needs. Below are the different 

types of data that might be utilized within a program/ project: 

• Data 

➢ “Data” is defined in general as “recorded information regardless of the form or method of 

recording.” However, the terms “data” and “information” are frequently used interchangeably. To 

be more precise, data generally should be processed in some manner to generate useful, 

actionable information. 

 

➢ “Data,” as used in SE DM, includes technical data; computer software documentation; and 

representation of facts, numbers, or data of any nature that can be communicated, stored, and 

processed to form information. 

 

➢ Data include that associated with system development, modeling and simulation used in 

development or test, test and evaluation, installation, parts, spares, repairs, usage data required for 

product sustainability, and source and/or supplier data. 

 

➢ Data specifically not included in Technical Data Management would be data relating to general 

workforce operations information, communications information (except where related to a 
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specific requirement), financial transactions, personnel data, transactional data, and other data of 

a purely business nature. 

 

• Information: Information is generally considered as processed data. The form of the processed data is 

dependent on the documentation, report, review formats, or templates that are applicable. 

 

• Technical Data Package: A technical data package is a technical description of an item adequate for 

supporting an acquisition strategy, production, engineering, and logistics support. The package defines the 

required design configuration and procedures to ensure adequacy of item performance. It consists of all 

applicable items such as drawings, associated lists, specifications, standards, performance requirements, 

quality assurance provisions, and packaging details. 

 

• Technical Data Management System: The strategies, plans, procedures, tools, people, data formats, data 

exchange rules, databases, and other entities and descriptions required to manage the technical data of a 

program/project. 

10.1.3 Collect and Store Data 

Subsequent activities collect, store, and maintain technical data and provide it to authorized parties as required. 

Some considerations that impact these activities for implementing Technical Data Management include: 

• Requirements relating to the flow/delivery of data to or from a party should be specified in the technical 

data management plan. 

 

• Responsibility for data inputs into the technical data management system lies solely with the originator or 

generator of the data. 

 

• The availability/access of technical data lies with the author, originator, or generator of the data in 

conjunction with the manager of the technical data management system. 

 

• The established availability/access description and list should be baselined and placed under configuration 

control. 

 

• For new programs/projects, a digital generation and delivery medium is desired. Existing 

programs/projects should weigh the cost/benefit trades of digitizing hard copy data. 
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Tables 10.1-1a and 10.1-1b define the tasks required to capture technical data. 

10.1.4 Provide Data tot Authorized Parties 

All data deliverables should include distribution statements and procedures to protect all data that contain critical 

technology information, as well as to ensure that limited distribution data, intellectual property data, or 

proprietary data are properly handled during systems engineering activities. This injunction applies whether the 

data are hard copy or digital. 
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Table 10.1-1a Technical Data Tasks 
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Table 10.1-1b Technical Data Tasks (cont’d) 

 

10.1.5 Outputs 

Outputs include timely, secure availability of needed data in various representations to those authorized to receive 

it. Major outputs from the Technical Data Management Process include the following: 

• Form of Technical Data Products: How each type of data is held and stored such as textual, graphic, 

video, etc. 

 

• Technical Data Electronic Exchange Formats: Description and perhaps templates, models or other 

ways to capture the formats used for the various data exchanges. 

 

• Delivered Technical Data: The data that were delivered to the requester. Other work products generated 

as part of this process include the strategy and procedures used for technical data management, request 

dispositions, decisions, and assumptions. 

10.2 Technical Data Management Guidance 

Refer to Section 6.6.2 in the NASA Expanded Guidance for Systems Engineering at Expanded Guidance for 

NASA SE NASA/SP-2016-6105-SUPPL for additional guidance on: 

https://ntrs.nasa.gov/api/citations/20170007238/downloads/20170007238.pdf
https://ntrs.nasa.gov/api/citations/20170007238/downloads/20170007238.pdf
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• data security and 

• ITAR. 

11.0 Technical Assessment 

Technical assessment is the crosscutting process used to help monitor technical progress of a program/project 

through periodic technical reviews and through monitoring of technical indicators such as MOEs, MOPs, Key 

Performance Parameters (KPPs), and TPMs. The reviews and metrics also provide status information to support 

assessing system design, product realization, and technical management decisions.  

11.1 Process Description 

The activities of the Technical Assessment Process are described below. 

11.1.1 Inputs 

The inputs for this process are: 

• Technical Plans: These are the planning documents that will outline the technical reviews/ assessment 

process as well as identify the technical product/process measures that will be tracked and assessed to 

determine technical progress. Examples of these plans are the program (or project) plan, SEMP (if 

applicable), review plans (which may be part of the program or project plan), ILS plan, and EVM plan (if 

applicable). These plans contain the information and descriptions of the program/project’s alignment with 

and contribution to Agency strategic goals, its management approach, its technical approach, its 

integrated cost and schedule, its budget, resource allocations, and its risk management approach. 

 

• Technical Process and Product Measures: These are the identified technical measures that will be 

assessed or tracked to determine technical progress. These measures are also referred to as MOEs, MOPs, 

KPPs, and TPMs. They provide indications of the program/project’s performance in key management, 

technical, cost (budget), schedule, and risk areas. 

 

• Reporting Requirements: These are the requirements on the methodology in which the status of the 

technical measures will be reported with regard to management, technical cost (budget), schedule, and 

risk. The requirements apply internally to the program/project and are used externally by the Centers and 

Mission Directorates to assess the performance of the program or project. The methodology and tools 

used for reporting the status will be established on a project-by-project basis. 

11.1.2 Process Activities 

The process activities of the Technical Assessment Process are described below: 

• Prepare Strategy for Conducting Technical Assessments: 

 

• Assess Technical Work Productivity and Product Quality and Conduct Progress Reviews: 

 

• Capture Work Products: 

11.1.3 Outputs 

Typical outputs of the Technical Assessment Process include the following: 
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• Assessment Results, Findings, and Recommendations: This is the collective data on the established 

measures from which trends can be determined and variances from expected results can be understood. 

Results then feed into the Decision Analysis Process where corrective action may be necessary. 

 

• Technical Review Reports/Minutes: This is the collective information coming out of each review that 

captures the results, recommendations, and actions with regard to meeting the review’s success criteria. 

 

• Other Work Products: These would include strategies and procedures for technical assessment, key 

decisions and associated rationale, assumptions, and lessons learned. 

11.2 Technical Assessment Guidance 

Refer to Section 6.7.2 in the NASA Expanded Guidance for Systems Engineering at Expanded Guidance for 

NASA SE NASA/SP-2016-6105-SUPPL for additional guidance on: 

• the basis of technical reviews, 

• audits, 

• Key Decision Points, 

• other reviews, 

• status reporting and assessment. 

 

12.0 THE PSAT1U CUBESAT 

 

Figure 12.0-1 The PSAT1U CubeSat 

The mission of the PSAT1U project is to develop a 1U CubeSat educational satellite to expand on the launch 

opportunities and mission capabilities of previous student-built 1.5U satellites. The design, depicted in Figure 

12.0-1, reduces total cost through innovative engineering solutions without sacrificing overall performance and 

capabilities. PSAT1U provides an engineering model for future students to use as well as a standard design to be 

replicated by other academic institutions and their various payloads. The PSAT1U Baseline Model is an MBSE 

representation of the satellite and is depicted in Appendix J. 

https://ntrs.nasa.gov/api/citations/20170007238/downloads/20170007238.pdf
https://ntrs.nasa.gov/api/citations/20170007238/downloads/20170007238.pdf
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PSAT1U’s satellite design specifications are in Figure 12.0-2. As seen in the figure, the satellite is designed for a 

maximum mass of 1500 g within the 1U frame. The specific dimensions of the structure itself, as well as the 

satellite’s board organization, are shown in Figure 12.0-3. PSAT1U retains the capability to host a variety of 

payloads on its top payload board. The Electrical Power System (EPS) and physical layout of the satellite are 

designed with the goal of remaining flexible and providing all necessary power to whatever payload might be placed 

on board for flight.  

 

Figure 12.0-2 PSAT1U Satellite Design Specifications 

 

Figure 12.0-3 PSAT1U Board Organization Dimensions 

12.1 Electrical Power System 

Utilizing a 1U footprint, the PSAT1U spacecraft must make efficient use of its small volume without sacrificing 

overall performance and capabilities. The largest impact in using this small footprint when compared to larger 

CubeSat Class satellites is a reduction in the potential solar panel collection area. In order to address this challenge, 

the Electrical Power System (EPS) design is based on only two Sol Aero ZTJ solar cells per side, as shown in Figure 

12.1-1 below. 
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Figure 12.1-1 PSAT1U Electrical Power System Design Diagram 

PSAT1U utilized ZTJ solar cells, rather than the very expensive UTJ solar cells used in other CubeSats built at the 

United States Naval Academy. While the UTJ cells offer predictable performance due to their high cost and quality 

control, the ZTJ cells offer similar performance at one-tenth of the cost. The ZTJ cells are factory-seconds that do 

not include cover glass. Instead, the design calls for the thicker microscope coverglass at 1% of the cost and the 

added mass is insignificant. 

NiCd batteries have over 50 years of space heritage and survivability and offer the best lifetime survivability and 

reliability compared to Lithium-ion batteries. Lithiums offer more power in a smaller battery cell, but are much less 

forgiving of abuse and require complex battery management systems per cell to prevent hazards and failures.  Single 

errors in charging or discharge can destroy the cell permanently.  On the other hand, NiCd’s can survive occasional 

overcharge and complete discharge without damage. NiCd batteries are also traditionally used in USNA CubeSats 

due to their reliability and low cost. PSAT1U’s battery board design is shown in Figure 12.1-2. 

 

Figure 12.1-2 PSAT1U Battery Board Design 

Radiation-induced upsets and glitches can cause errors in spacecraft processors. In order to combat this, PSAT1U 

has two secure power circuits and watchdog timers. One is on the communications board that will reset the 

communicationss Central Processing Unit (CPU) and cycle power in the event of any lockup that stops its routine 

as shown in Figure 12.1-3. 
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Figure 12.1-3 Watchdog Timer Circuit Diagram 

The main power bus for critical optional payload boards is the 5V secure line. It is made secure by the second 

watchdog timer on the battery board that can cycle power off and back on if there is a payload processor failure. A 

processor failure is assured if the optional payload CPU fails to toggle the heartbeat periodically. This secure 

payload bus supplies critical voltage to the other boards and is independent from the power to the communcations 

board, named the SATT4. 

Additionally, a 4V unsecure bus will also stem from the battery board to deliver unregulated and unsecure power 

to the ADCS board and communications board circuits that only need raw power or that do not need the reset 

possibility.  

The overall power budget for PSAT1U is displayd in Figure 12.1-4. 

 

Figure 12.1-4 PSAT1U Power Budget

12.2 Attitude Determination Control System (ADCS) 

The ADCS depends on sun vector inputs from all solar panels and the ADCS CPU is also used to read solar panel 

current from each panel. Therefore, the ADCS board serves as the central connection point for the solar side panel 

connectors which contain all of these signals and power. To facilitate these requirements, the ADCS board was 

placed at the top of the stack so that the connections to all of the side panels can be made last during assembly. 

Serving as the connection point between the ZTJ solar cells and the battery board, the ADCS board sums the current 

from all the solar panels to power the rest of the EPS system. 

Figure 12.2-1 shows the side panel for PSAT1U and highlights the embedded torquer coils. The coils are present 

on both sides of the panel, and each face of the satellite is populated with a panel.  Each torquer coil is designed to 

provide a maximum of 1.43x10-7 Nm of torque. With four coils in total, the maximum torque available for the 

spacecraft is 5.74x10-7 Nm. All attitude control will be performed by these coils. 
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Figure 12.2-1 PSAT1U Side Panel with Torquer Coils 

Magnetometers and sun sensors fulfill all attitude determination roles on PSAT1U. These standard components are 

the same ones used on previous USNA CubeSats. The ADCS board is shown below in Figure 12.2-2. 

 

Figure 12.2-2 ADCS Board Model 

12.3 Communications System 

PSAT1U has a communications board with a 1.5-Watt Automatic Packet Reporting System (APRS) transceiver 

capable of operating in the 2-meter amateur radio band.  The board can be programmed with two separate operating 

configurations with the goal of enabling or disabling user digipeating (packet relay) and switching the uplink 
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receiver to a separate frequency if needed for a payload experiment. The communications board, named the SATT4, 

is displayed in Figure 12.3-1. 

 

Figure 12.3-1 Communications Board Block Diagram 

Operating with the SATT4 communications board, uplink and downlink will occur at a frequency of 145.825 MHz. 

A VHF wire antenna was designed to facilitate communication at this frequency and achieve a Standing Wave Ratio 

(SWR) as close to ideal as possible. The antenna design  is 724.5 mm in length. An EZNEC software model for 

PSAT1U’s antenna design is shown in Figure 12.3-2. 

 

Figure 12.3-2. PSAT1U Antenna Design 

The downlink and uplink link budgets for PSAT1U are included below in Tables 12.3-1 and 12.3-2. 
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Table 12.3-1 PSAT1U Link Budget Downlink 

 

Table 12.3-2 PSAT1U Link Budget Uplink 

 

As seen in the budgets, the link margins are favorable in both the downlink and uplink scenarios. In the 

horizon scenarios for VHF downlink and uplink, users are predicted to experience 8.32 dB and 7.56 dB 

margins respectively. 

12.4 Payload 

PSAT1U possesses the ability to host a variety of different payloads, depending on the mission objective. 

In this way, the CubeSat was specifically designed to be a modular architecture with well understood 

interfaces to allow practitioners to concentrate on payload design for their particular application. The 

payload board resides at the top of PSAT 1U’s structure, as displayed in Figure 12.0-3. 

PSAT1U is able to host payloads within certain physical and electrical specifications. Payloads must have 

a mass less than 567 g. Any payload must have a volume no greater than 247 cm3. Specifically, payloads 

are allowed a maximum height of 4.0 cm, maximum width of 8.0 cm, and maximum depth of 7.7 cm. 

Payloads should operate within the available on-orbit average power of 1.92 W, operating at a voltage of 

5V during daylight. 
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Appendix A:  Integration Plan Outline 
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Appendix B: Creating the Validation Plan with a Validation Requirements Matrix 
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Appendix C: SEMP Content Outline 
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Appendix D: Technical Plans 
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Appendix E: Verification and Validation Plan Outline 
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Appendix F: Interface Requirements Document Outline 
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Appendix G: CM Plan Outline 
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Appendix H: HSI Plan Content Outline 
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Appendix I: Concept of Operations Annotated Outline 
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Appendix J: PSAT1U Baseline Model 

The PSAT1U Baseline Model is an MBSE representation of the satellite. The baseline 

model is unique in that it defines all of the important subsystems, components, and 

interfaces of the PSAT1U, but leaves the payload and mission specific modules 

undefined. This allows a user to understand the payload design space in clear terms. In 

this way, a practitioner can apply their mission application and the components 

associated with it to the baseline model to create their own mission specific model. 

The model was developed using CAMEO Systems Modeler MBSE Software V19.0. Each 

predefined architecture package or template was created to represent a corresponding 

system or subsystem on the physical PSAT1U satellite design. As an example, Section 

10, the overall Architecture Hierarchy of the PSAT1U Baseline Model is depicted in 

Figure J.1-1. 

The Architecture Hierarchy encompasses all of the subsystems, subsystem components 

and ground system components along with the domain, enterprise and segment 

packages. 

 

Figure J.1-1 PSAT1U Baseline Model Architecture Hierarchy 

From within the Architecture Hierarchy, any of the Subsystem Structures Packages can 

be accessed and critical information and interfaces can be reviewed and understood. 

Figure J.1-2, for example, represents the ADCS Subsystem Block Definition Diagram and 
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its relationships with other parts of the structures package and shared components. In 

turn, more information and relationships are contained within each instance of a 

subsystem or component. 

 

Figure J.1-2 ADCS Subsystem Block Definition Diagram 

Figure J.1-3 is the package diagram describing the Electrical Power System for the 

spacecraft. In it, each of the main component parts are described and further details and 

specifications of those parts are also available. Within the specification for the EPS, 

pertinent information such as the as-designed power budget (Figure J.1-4) is also 

available. 
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Figure J.1-3 Electrical Power System Package Diagram 

 

Figure J.1-4 Specification for Electrical Power System including Power Budget Information 
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