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selected. For near-space missions, architecture elements include the subject, payload elements & bus, balloon, target 
altitude & flight time, ground systems and communications approach. 

a. Subject 

The subject is the reason for conducting the mission. It is the target of the mission's investigations. This would 
include a remote sensing target or an onboard plant or animal, whose exposure to near-space conditions was being 
observed. 

b. Payload Elements & Bus 

For a basic mission, the payload elements include the transmitter that is used for recovery, any onboard instruments 
and/or any onboard experiments. A basic HAB mission will not generally have a bus; however, more complex 
missions may be equivalent to their orbital cousins and consist of a bus and analogous interconnected subsystems. 

c. Balloon 

The choice of a balloon type and size is, in some ways, analogous to the choice of a launch vehicle (rocket) for a space 
mission. The balloon carries the payload to the edge of space and its type and size determine how high the payload 
will go, how long it can stay there and the maximum level of mass that can be transported. Balloon types were 
presented in section Ill. 

d. Target Altitude & Flight Time 

The target altitude and flight time are a key mission consideration. These architecture elements are born from 
mission requirements related to the subject of the study and the duration of time that is required in the air. 
Ballooning, unfortunately, does not provide a great level of control as to exactly what is overflown during the mission. 

e. Ground Systems 

At a minimum, it is required that telemetry be received in order to determine where the balloon is and what point it is 
at (ascent, peak altitude, descent) during its flight. The specific communications plan for the mission may dictate 
additional requirements for ground stations, if extended telemetry is being transmitted or commands will be sent to 
the HAB payload. 

f. Communications Approach 

The communications approach determines when the HAB payload will be communicated with and what will be 
communicated. Most small HAB payloads support only one-way communications, providing only a minimal telemetry 
downlink. Payloads, such as those that must be able to cut-away from their balloon on command, can also receive 
commands from the ground and take corresponding actions. 

The communications approach that is selected will also have a significant bearing on the autonomy of the craft (or 
conversely, a decision to operate autonomously or not may drive the communications approach) . Craft that do not 
support two-way communications must operate independent of any ground support throughout the mission. 

XIII. Driver Identification 

The refinement of a mission architecture is performed by identifying the elements that affect it and determining the 
impact of trades (changes that may add benefit in one area and reduce the benefit in another). Drivers are the mission 
elements that impact cost, schedule and other key metrics. 

Driver identification can be performed by starting with the key metrics and reviewing each controllable mission 
element to determine whether changing it impacts the metric. If it does, the element is a driver for the metric. Some 
elements may be identified as having an impact only in conjunction with another element. 
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XIIII. Requirements, Analysis & Selection 

With the drivers identified, the key requirements - those which have the most impact in determining the mission's 
performance in terms of metrics (e.g., cost, schedule, performance, etc.) - can be identified. Key requirements can be 
identified by reviewing the identified drivers, identifying what requirements influence them and how significantly. 
Key requirements are the requirements that have a significant impact on one or more drivers - or a more minimal 
impact on numerous drivers. The identification of key requirements is a critical part of solution selection as the key 
requirements are the focus of the requirements trade analysis process. The trade analysis process will, logically, focus 
only on the key requirements that have been deemed tractable, previously. 

The trade analysis process seeks to maximize the mission utility via selecting the best architecture that fulfills all 
mission requirements. Utility analys is requires that each metric be quantifiable (even if this quantification is 
arbitrary and only done for the purpose of this analysis) and that the relative importance of the metrics be defined via 
the assignment of coefficients . Each possible solution then has its score calculated and the one with the highest utility 
value wins. The identification of key metrics constrains the search space (the number of combinations that should be 
considered) by allowing the process to focus on only the most important possible trades. Practically, the process is 
somewhat more complicated than this as the analyst may identify new possible solutions upon seeing what elements 
have the most impact and what prospective solut ions perform the best. Given this, an iterative process will likely 
occur with possible solutions refined and compared several times. 

Once iteration does not seem to be having a meaningful impact in increas ing solution utility, it is time to pick a 
mission solution. This process starts with the solution that has the highest utility. The solution must then be 
evaluated to ensure that it meets all requirements and constraints. Its risk must be evaluated to ensure that it is 
acceptable. If any of the above validations fail, the solution may need to be further retooled (and compared to others, 
if its utility value has changed) . The result of this final step is to choose a mission solution and make a go/no-go 
decision as to whether to proceed with the mission at all. 

XV. Conclusion 

The foregoing has presented a scalable framework for the design and optimization of a HAB mission. Skillful users 
may determine that additional areas can be combined or further simplified to make the process even more 
lightweight for particularly small projects. The various sections can also be expanded for use in larger projects. For 
particularly large-scope projects, the HAB specific implementation elements can be used to replace the roughly 
analogous sections of the SMAD or SSE process and the full heavyweight model can be utilized. 

By utilizing this framework in an academic environment, the requirements for students are better developed. This 
translates into additional leadership opportunities for student participants, who can implement designated areas 
(based on the plan) without requiring the detailed understanding that would be otherwise required (to lead without a 
plan). The framework also exposes students to engineering and project managem ent best practices and prepares 
them to step-up to more robust engineering and management approaches. 
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