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Major Systems Engineering Responsibilities

● Requirements management

● Interface management

● Technical resource allocations (e.g. mass or electrical power)

● Verifications

● Technical system modelling (performance predictions)

● Assessment and disposition of non-conformances (failures to meet requirements)
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The Systems Engineering “V” Diagram
● Requirements are defined in finer detail at lower and lower levels of the system, then 

verified at higher and higher levels of integration.
● Verification definition and Quality Assurance planning are integral parts of 

requirements development
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● Requirements
○ Minimum performance measure that a subsystem or component must meet
○ Hierarchical, flowed down from Science Goals to Technical Requirements

● Performance Budgets
○ System-level performance requirements are realized by flowdown of resources/parameters that 

are allocated (as requirements) among subsystems or components
○ These budgets are to be managed at a high level and include margin that can be allocated as 

needed from L1
○ CMB-S4 performance budgets include:

■ Systematics
■ Instantaneous Sensitivity
■ Observing Efficiency (including uptime/downtime)
■ Electrical power
■ Magnetic/RF shielding
■ Data Bandwidth
■ Beam quality
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Requirements And Technical Budgets Define Experiment 
Performance And Reflect The Project Baseline



● Requirements at each level are traceable to the level above
● Requirement hierarchy captured as shown to left
● Revision and approval workflow is all within Jama
● All requirement entries include the requirement, verification/QA, and 

traceability to parents / children
● The more detail in the Verification Description and 

Basis/Rationale, the better, ideally with links to detailed test 
plans or analyses that justify the requirement values
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CMB-S4 Technical Requirements Are Managed Using Jama 
web-based tool

Slide 6



Requirements flow down and traceability
● High level requirements flow 

down to requirements on 
subsystems and lower

● Each requirement has at least 
one parent from which it flows

● Requirements impacted by 
changes or non-conformances 
are easily identified through 
parent-child traceability
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Number of Parents
Number of Children

Parent Requirements

Child Requirements
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● Survey margin is the difference between the experiment’s defined baseline survey 
duration and our projections of experiment performance

○ Baseline survey duration is the time in which we promise the Measurement Requirements will be 
met.  Level 1 Technical Requirement:

○ Projections of the time required to complete the Measurement Requirements are based on 
simulations, modelling, and analysis of our current baseline instrument design (e.g. AoA studies 
and Data Challenges)

● Survey margin enables us to accommodate uncertainties in modelling or in actual 
performance of the system

○ As the designs mature and actual hardware is tested, some elements may not meet their 
assumed performance levels, and these non-conformances will be assessed, considering 
available margin, to determine whether to accept or mitigate
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Survey Margin
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● Interfaces are defined where 
subsystems meet

● As designs mature, interfaces are 
iterated, refined, and documented in 
Interface Control Documents (ICDs)

○ Allows teams to work 
independently, with interfaces 
mutually understood

○ Currently exist in Google Docs
○ Now being folded into the 

Jama Connect requirements 
management tool

● Plan to get ICDs approved in Jama 
before NSF CDR

● A high priority topic for the May 
Workshop

● Actively being matured by 
subsystem teams
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Interfaces
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● Program Level Requirements (Science Goals, Science Requirements, Measurement 
Requirements) are all approved.

● 23 of 51 Level 1 Technical Requirements are approved
● 302 Level 2 Technical Requirements exist, all require approval
● 631 Level 3 Technical Requirements exist, all require approval
● statistics:
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Status of Requirements
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● Many requirements include TBDs that need firm values
● Some important high level requirements are only generally defined, with descriptions of 

what still needs to be done to complete them and to flow them down to technical 
requirements

● Some key requirements drive overall survey performance and flow down to many 
technical areas.  These need work to refine and finalize
○ Systematics

■ Need to define and flow down to instrument and calibration requirements
○ Instantaneous Sensitivity

■ Flows down to optics, modules, detectors, including required percentage of operating 
detector channels (aka yield)

○ Observing efficiency
■ Flows down to survey strategy, maintenance plans, calibration plans, reliability 

requirements, etc
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Significant work remains to complete definition and flowdown of requirements 
(much of which depends on effort from scientists and the Collaboration)
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Systematics requirements are currently defined mostly qualitatively, with statements 
about work still to do
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● Technical requirements on components must combine (in analyses) to meet these L1 requirements
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Current draft SPLAT and CHLAT Top-Level Instantaneous Sensitivity 
requirements are captured quantitatively
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Current draft SAT system Instantaneous Sensitivity requirement 
needs (ongoing) work to be made quantitative
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Current Draft Top level Observing Efficiency requirements refer to 
ongoing work that is informing technical requirements and design
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Sara Simon leads the breaking down and documenting of observing 
efficiency.  Iteration is needed with technical team to refine factors.
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● A technical priority is increasing the fidelity of and confidence in the cryostat thermal 
analyses

● Electrical power for cryostat cooling is a major driver for the electrical power required at 
the Sites, particularly for the South Pole, where available power is a significant constraint 
that we don’t have complete control over

● We need to have high confidence that the experiment will be able to perform within the 
electrical power allocated

● Thermal analyses and early prototyping are needed to ensure we have included sufficient 
pulse tube cooling and dilution refrigerator capacity in our designs
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Electrical Power Budgets and Instrument Thermal Analyses
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Some high priority topics:

● Interface definitions

● Definition and allocation of magnetic and RF shielding requirements 

● Cryostat thermal analyses

● Electrical power budgets

● On-Site Installation, Verification, and Commissioning plans
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Project Technical Workshop May 1-3 to address topics important 
for agency reviews and near-term work 
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● Factorize Systematics into contributors and allocate as quantitative requirements on 
elements of the experiment

● Continue to factorize Sensitivity contributors and allocate as quantitative requirements on 
elements of the experiment

● Continue iterating observing efficiency requirements and technical implementations to 
meet them

● Understand impacts of non-conforming or underperforming components on overall survey 
performance

○ e.g. lower efficiency in one band than expected/required or lower yield on a particular wafer or 
wafer type, etc.

○ This facilitates assessment of whether to accept or remediate non-conforming items
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Work to be done
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● The Project is using Systems Engineering tools to define the technical 
performance of the CMB-S4 Experiment

● We are technically well-positioned for upcoming NSF and DOE project reviews

● There is a lot more work needed from both the Project and the Collaboration to 
better define and flow down requirements for all the instrumentation

● The project team is encouraged to continue to actively document technical 
performance at all levels in the Requirements
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Summary


