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GPM Overview

e Introduction

* Requirements Development & Flow Down
* SEMP Process

* Implementation in SLATE

* Risk Management

M EASUREME

* Risk Process
* Systems Engineering Schedule
* Systems Engineering Status
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Requirements Development & Flow Down

)
Science Objectives
= * Improved Climate Predi(;tic')n Level 1 GPM
* Improved Weather Prediction R . t
Ll * Improved Flood and Fresh . .equ’remen S
Water Resource Prediction Mission:
ac Measurement
Validation
=2 Products
Duration
» NASA HQ Directives * Instrument: ~
; S Based
* Budget Constraints pace base ~
- * Schedule Constraints Ground Based Present & Accept
* ; * Launch L1 Re mrements
L NASDA Partnership * Operations 4 Accept L2 Reqmrements
* Science Data System Present Verlflcatlon Plan
= * Science Products
* Public Outreach ~ \
GPM Concept Present L2 Requirements ) N\ N
Formulation Studies L. Verify Flow Down
* Architecture Trades Level 2 G:PM Mission / / N N\
o * Implementation Trades Requirements Review & Acc:
_ * Constellation Trades Y * Space Segment: / / Element Requirements
* S/C Design Studies GPM Mission Ins'truments / / Verify Flow Dow
= Operations Concept Primary Spacecraft \
P' . P Constellation Spacecraft ~
o * Nominal Operations: * Ground Segment: - |
Data Flows Ground Validation System |
= Spacecraft Ops > GPM Precipitation Data
. Gro_und EIemgnt Ops Processing System !
- _| " Special Operations: | Mission Operations System /
a > Launch and Early Orbit ™ * | aunch Services:
End of Mission > Primary S/C Launch /
— . Attitude Maneuvers » Constellation S/C Launch /
Science Workshops Orbit Maneuvers "] * Process Requirements .
W * Refined Requirements Super Site Coordination with * Science Requirements GPM Mission Element /
* Workshop Reports SC Overflights ' Requirements /
L * Science Implementation Plan * Contingency Operations: * Instrument ’
Data Flows DPR
o Spacecraft » GMI
Ground Elements v Opportunity
o *
GPM Systems S‘F’,{’r‘ﬁ:sﬂ
GSFC Management Engineering Plan NASA Constellation
- Guidelines Requirement Management * Ground
* Systems Engineering GPG ™ Design Tracking > NASA Mission Operations
L * GEVS Risk Management o Ground Validation &
* Others as applicable Resource Tracking Calibration
[ax] Configuration Management Global Precipitation Data
Processing
o
~| 72
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GPM SEMP QOuverview

* System Engineering Management Plan (GSFC 420.2-02-001-01)

- Signed by Project Formulation Manager, Mission System Engineer, GSFC Chief
System Engineer

— Describes System Engineering for GPM

M EASUREME

— Current version only covers formulation, next release (prior to PDR) to cover
implementation.

* Process described by phase of development and specific activities
- (See next chart Exhibit 3-1)

* Each phase detailed with entry criteria, exit criteria, inputs, outputs,
and tasks

— (See Exhibit 4-1)
* Each phase describes responsibilities for element engineers.
— (See Exhibit 4-4)
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GPM SEMP Process

(o8]
| Formulation | Implementation | Operations |
" Mission <> <> <>
S5 % SRR PDR CDR
(O]
o 5 Integrated Ops <>
£ MOR FOR ORR
3 |
o Primary Spacecraft <> <>
=2 Pre-Env  Pre-Ship
- Baseline Operations Concept - Detailed Element Concept - Detailed Subsystem Concept
v Concept Development Development Development
-
- Mission L2 Reqgs Development - Element L3 Regs Development - Resource Budgets - Define Configuration Requirements/ |- Operational Feedback to
w Requirements - Preliminary Resource Budgets - Subsystem L4 Regs Development Data Dictionary Requirements
Development - Preliminary Element Interface - Baseline Resource Budgets
Descriptions - Subsystem ICDs
%3
E ;f‘:i - Functional Element Architecture - Functional Subsystem Architecture - Physical Component Architecture
‘% Architecture Design - Physical Schematic Architecture
<
2
5 - Consider during requirements - ldentification of long lead production |- Prototype and demonstration - Develop and integrate components - As Built Documentation
2 Build development items - Initiate acquisition for long lead
S production items
w
E - Consider I&T during requirements - Preliminary I&T Plan - 1&T Plan - Execute |&T for Prime S/C, Ground - Assess |I&T Process
9] Integration development Systems, GVS, and SDPS
2
[2)
- Define Verification Strategy - Validate L2 Requirements (Is the - 1&T Plan - Verify System Against Requirements |- Validate L1 Requirements (Is the
Validation & correct system being designed?) - Validate L3/L4 Requirements (Has the correct system been built?) mission successful?)
Verification - Baseline Verification Method/Plan - Track Resource Budgets - Verify Models vs. Operational Data
- Resource Budget Feedback
. - Consider O&M during requirements |- Preliminary Operations Plan - Mission Operations Plan - Simulation Support - Operations
Opgratlons & development - Draft Procedures - Procedure Finalization and Validation |- Anomaly Resolution
Maintenance - Contingency Plans - Data Processing and Delivery
- Operations Concept Trades - Subsystem Requirements Trades - Operations Architecture Trades
Trade Studies - Element Requirements Trades - Architecture Trades
38 - Architecture Trades
‘% Peer Reviews - Support System Definition and Team |- Support Component-level Decision - Focus on Operations and Mission - Focus on Prime S/C I1&T - Assess Process
W ‘c(” (Mission SE and definition Integration - Operations Readiness
£ Element) - Ground Validation Site Performance
o
L :ug - Define engineering teams - Focus on element requirements, - Component definition and detailed - Focus on Systems Integration - Assess Process
Communications - Establish Toolset for Req, Arch, architecture, subsystem interfaces design
e Knowledge Capture, Mod & Sim - SLATE Prime for Req and Arch
- - Define Risk Management Process - Identify Subsystem Level Risks - Identify Component Level Risks - Retire Risks - Track Operational Risks
o [ Risk Management |- Define Risk Assessment Process - Define Mitigation Techniques - Track Risks and Mitigation
qE, - Identify Mission, Element Level Risks |- Track Risks and Mitigation - Retire Risks
D
% % o - Consider Reliability during - Preliminary Reliability assessment at |- Validate against reliability - Test against reliability requirements |- Verify Reliability Models against
=3 ARel'ab'l'ty requirements development component level requirements Operational Data
.E’ 5 ssessment
o ®©
2 X X - Define CM Process - Establish CM in Architecture and - Establish CM in I1&T processes - Establish CM in Operations - Assess Process
B Configuration - Establish CM in Requirements and | Reliability processes
v} Management Trades

Exhibit 3-1. GPM Systems Engineering Process Overview
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SEMP Process Pre-SRR

=
=
Mission <>
- SRR
= |
= Integrated Ops %
% |
< Primary Spacecraft 3
u-l . . 1
= Entry Criteria - Baseline Operations Concept Exit Criteria
Concept Development
- Code Y Approval of - SRR Approval
Advanced Studies — - Verified L2 Requirements
- Formulation Guidance to _ - Mission L2 Regs Development Flow Down from L1
O Proceed Requirements - Preliminary Resource Budgets - Approved Systems
- Development - Preliminary Element Interface Engineering milestones
- Descriptions through PDR
< - Functional Element Architecture - Established Configuration
Architecture Design Management Infrastructure
r—
& Procedure
o Inputs - Consider during requirements Outputs
— Build development
- Formulation Authorization - Mission Operations
= Document _ _ _ Concept Doc
= - Project Formulation Plan - Consider I&T during requirements - Mission (L2) Req's Doc
- - Advanced Study Results Integration development - Functional Element
-~ - Preliminary Science Architecture Diagrams
Requirements . . - Preliminary Element
- Draft Level One Validation & - Define Verification Strategy Interface Descriptions
= Requirements Verification - Trade Study Results
< - Risk Management Plan
) . - Consider O&M during requirements |~ S_EMP .
Operations & development - Life Cycle Cost Estimates
o Maintenance - Verification Strategy
= fard
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GPM SEMP Process, Pre-SRR Team Responsibilities

=

Mission SE

Ground Validation
SE

Precipitation Data
Processing SE

Mission
Operations SE

Primary
Spacecraft SE

Constellation
Spacecraft SE

Instrument SE

=
L
o Concept e Provide Input ¢ Provide Input e Provide e Provide input e Provide Input e Provide Input
Development Lead coordination substantial input
= and development
T, Modify Ops
Concept Document
-
w Requirement
s Provide guidance Develop L2 Develop L2 PDPS Develop L2 Develop L2 Develop L2 Develop L2
— Development Ground Validation Regs. Ground Operations Primary S/C Regs. Constellation S/C Instrument Regs.
— Ensure System Regs. Regs. Regs.
communication Define regs. Define regs. Define regs.
Define regs. imposed on other Define regs. imposed on other Define regs. imposed on other
Develop imposed on other elements imposed on other elements imposed on other elements
preliminary interface elements elements elements
e definitions Provide Determine Provide
Provide preliminary interface Provide Preliminary Provide preliminary interface
— Make mission preliminary interface input preliminary interface Resource Budgets Preliminary input
level decisions input input Resource Budgets
- Architecture e Perform e Provide e Provide e Provide . Pﬁ?&ﬁ&e i e Provide e Provide
Design functional architecture options architecture options architecture options BrefipipanRsikie arcH48&ire options architecture options
- architecture design input Prellmlnaw interface
— for subsystems input

P

e Ensure team
consideration

e Consider element
build feasibility

e Consider element
build feasibility

e Consider element
build feasibility

e Consider element
build feasibility

e Consider element
build feasibility

e Consider element
build feasibility

EB%H D AR

SPACE FI

GHT CENT

E R

Wt
LU Integration e Ensure team e Consider element o Consider element o Consider element e Consider element o Consider element ¢ Consider element
consideration testability testability testability testability testability testability
(= o
o
Validation & e Develop e Provide input e Provide input e Provide input e Provide input e Provide input e Provide input
i Verification Verification Strategy
<
e Operations e Ensure team e Consider O&M e Consider O&M e Consider O&M e Consider O&M e Consider O&M
& consideration Consider O&M
o Maintenance
Provide O&M
- input to Ops
&)
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stem Engineering Tool: SLATE

Bl ° System Level Automation Tool for Engineers (SLATE) by EDS

e - Originally developed by Texas Instruments (TI) in early 1990s for radar systems.
- — Spun off into its own company, which was bought by Structural Dynamics

- Research Corporation (SDRC) and recently by EDS.

= — EDS continues strong support for the software — sales and enhancements.

= — Locally, Northrop Grumman uses SLATE extensively.

- * More than simply a requirements management tool

- — Architecture based

- — Budgets (technical and programmatic)

a ~ Risk management

gl ° Interfaces to standard tools

- — Excel

: - Word

& - Visio

- — Project

M - GPM is pilot for GSFC using this type of tool

o
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Implementation in SLATE

. Input Materials
= (Generated Outside
- of SLATE) GPM SLATE Database
o
o Leve_l 1 GPM 7Alzg> Re_l(_ql.En;ry$\ Output Materials
ne Time ~ ..
Requirements \ GPM Mission (Generated by SLATE,
v ¥
L. * Develop Level 2 Requirements Cleaned up by Word,
< .. Mission Folders *Allocat Hierarchy Elements EXCGl, etc.)
GPM Mission * Level 1 Requirements
. Manual Req. Entry .
1) Operations — (One Time) B * Level 2 Requirements .
Concept * Process Requirements _M'55'°r_‘ | Level2GPM
= * Risk Management Hierarchies Requirements
* Resource Tracking * Physical [—
* Functional
!
Systems Auto Rea. Ent / Generate SLATE
. . uto Req. Entry - i
o Engineering | —"" o "5 et __ Reports Risk Status
GPG Draft 6 Requ!rements > Update
= Allocated Requirements, Risks & Budgets " E;?(u'srg&ints Status
= Flow toINext Level * Technical Resource
Status 1 .
- Technical
- GPM Elements > Resource
Update
— Risk Ground Elements P
o Identification |\t Risk Entry ‘ Instruments
(As needed)
Process
— Spacecraf
U Element
Requirements
w Spacecraft Folders q
* Defined by S/C Manager
o Spacecraft Hierarchies
a Defined by SC Manager Element Technical
* Develop next level requirements Documentation
* Develop implementation/ operation concept »| * Functional Allocations
i * Develop & monitor technical resource budgets * Trade Results
* Develop ICDs, Data Flows, etc. * (others as desired by
I . * Develop & monitor Risk mitigation element managers)
Establish SLATE * Coordinate subsystem development
P Schema
* Folder Structure
O * Type Definitions
* Access Privileges
~| 72
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PRECIPITATION M EASUREWME
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Flow-Down Example: Precipitation Meas Req

i x
File Edit Create Show  Options  Wiew  window  Working Set Uklities  Misio @5FC Help

ol e O s A G R = el

[ Requirement Flowdown =

3
B
E|
¥
|

e = o 3 o

<

L_5Rg 8-15 (Level 1) Precipitation Measurements
Ao 0ap 8-285 (Level 2) Spacecraft Selection
2.3 Identify Constellation Members
3.1 Collect Science Data
4-130 {Level 2) Determination of Precipitation Type
1.2.1 Global Precipitation Data Processing Center {Ground Element)
4-131 (Level 2) Measurement of Precipitation Over Land
1.2.1 Global Precipitation Data Processing Center {Ground Element)
4-132 (Level 2) Detection of Snow
[#B] 2.1.1 Instruments, Primary Spacecraft

E

Pr b

[»

prelbrelDr&IEDr

il

j Architect

|Dpen a new Window in the Cutline View
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GPM

M EASUREME
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Tree View of Requirement Traceability
as rendered by VISIO from SLATE

B

Spacecraft
Selection
(8-285)

B

Determination of
Precipitation Type
(4-130)

Level 2 Regquirement

Level 2 Rgquirement

[ag]
Identify
Constellation

Members

[
Global
Precipitation Data

Processing Center

Functional Element

Physical Element

SRR June 4-5, 2002  System Engineering Process

Level 1 Requirement

R

Precipitation
Measurements
(8-15)

Flow-Down Example: Precipitation Meas Reg

B

Measurement of
Precipitation Over
Land
(4-131)

B

Detection of Snow
(4-132)

48]

Collect Science
Data

Level 2 Requirement

Level 2 Rgquirement

]
Global
Precipitation Data

Processing Center

B

Instruments,
Primary Spacecraft

Physical Element
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M EASUREME
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From L2
up to
origin at
Level 1

i

Drop Size Distribution
Measurements
(8-17)

Example: Operating Bands

Operating Bands
(4-152)

PR

Dual Frequency Radar
(4-149)

i

Radar Instrument
Requirement
(8-32)

o

NASA/NASDA
Partnership
(8-10)

PR

Vertical Resolution
(4-225)

PRP

Horizontal Resolution
(4-226)

R

Geographical Coverage
(4-227)
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Space Validation and
Calibration
(8-19)

PRP

Correlation Factors
(8-239)

o

Transfer standard
update
(8-240)




GPM Risk Management

* Definition of Risk: An event that may occur and that has a negative
impact on the GPM project if it does occur.

* A risk has three components:

M EASUREME

— Probability of occurring
— Severity of impact
— Timeframe

* Features of Risk Management:
— Identification & Characterization
— Analysis & Planning
— Tracking & Control
— Final Disposition
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M EASUREME
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Risk Tdentification & Characterization

* Consequence
* Context

Risk Identification
* Statement of Risk

Viable
Risk

Initial
Review

Risk Analysis

Not
Viable

Return to Originator
with explanation

< Open Risks

Risk Management Process

Risk Disposition

Prepare Risk Input
Form >
* Enter into SLATE

Risk Committee Review
* Assess Scope
* Assess affected Mission Level
* Assess Impact
* Assess Severity
* Assign to Lead for Initial Evaluation

Risk

Y

Assign Category
* Technical
* Program
- Agency
- Cost
- Schedule
* Safety

Assess Impact

Risk Planning

(Min > Catastrophic)

(Low > High)

Compute Severity
(Impact*Probability)

-
Assess Probability
I

Assign Action
* Escalate
* Accept
* Watch
* Mitigate

* |dentify Risk Owner

Problem ————»

Watch

Mark “Out of Scope”

——Out of Scope——» Document Rationale

Forward concern to appropriate office

Implement Problem
Resolution Process

Mark "Accepted”

Accept———» Document Rationale

* Establish Priority

Assess Time Frame
(Near - Long term)

Risk Tracking & Control

& Track Risks

Mitigate List
Watch List

Track “Watched” Risks
* Monitor Threshold

- Exceeded? Yes =
* Evaluate Contingency Plan

- Adequate? No = Update

A4

‘ Implement Contingency Plan

4>‘ Implement Mitigation Plan

Element Risk Review
* Monitor Risk Status

-
-

* Develop Mitigation
Plan(s)

* Develop Contingency Plan
(as req)

—Mitigate

A4

* Develop Tracking
Parameters, Triggers
* Develop Contingency Plan

* Monitor Contingency/
Mitigation Progress

* Close Resolved Risks
* Escalate Risk Activity as
required to obtain resources
* Report to Mission and
Project

Mission Risk Review
* Monitor Mission Risk Status

™ * Monitor Contingency/ Mitigation

Progress
* Close Resolved Risks

Upgrade to “Problem”

— » Implement Problem

Resolution Process

_ Mark “Closed”

* Evaluate Element Status
* Escalate Risk Activity as required
* Report to Project

SRR June 4-5, 2002  System Engineering Process
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Schedule

(o8]
oy 2002 2003 2004 2005 2006 2007 2008
= 1l2]alalt1]2]a]al1]2]s]al1]2]s]al1]2]s]al1]2]a]a]1]2]3]4
- Constellation
e RFP
GPM Milestones AT R AN A A A omer A A A A

= SRR Instr MCR Ops CDR Constellation LID ORR/ Core Constellation
A RFP PDR ‘ Award PSR Launch Launch
<
w oy 2002 2003 2004
- JIF[mla[mlulu]Aals]o|n]o]y]r[m[Aalm[y]u]A]s|o|N][D|u]Fm[A[M]u]u]A]s]o[N]D

System Engineering

Management Plan (SEMP) A 21 U%

pdate
-] Level | Requirements A A
Baseline Signoff

Mission Requirements
=

Document (Level Il Req) E%t Bestine S%ﬁ
I: g
[l Operations Concept Document A A
— Draft Baseline Signoff
o Mission Assurance

Requirements A A
—_ Draft Signoff
v .

Risk Management Plan A
[57] Final
o« Verification Matrix A
o Prelim Draft

Reliability Analysis Plan /\
-
=L Probabilistic Risk Assessment

PRA A A
o ( ) Prelim Final
O Interface Control Documents A A

ICD
- ( S) Draft Final

e .
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GPM Document Tree
=

File Edt Create Show Options  Wiew  Window  Working et Ukilities  Wisio G3FC Help

|82 2|2 26wl6] x| == YelBlR =l E w0

[ ——|&) Document Tree [untitled]
- eve equirements Document [untitle

Level 1 Requi D [untitled]
——[) Mission Requirements Document 420.2-REQS-013001A
——[Y Primary Spacecraft System Requirements Document [untitled]
[ DPRICD [untitled]
[ Conical-Scanned Microwave Radiometer Specification [untitled]
[ Auxilliary Payload ICD [untitled]
(] Launch Vehicle ICD [untitled]
== onstellation Spacecr stem Requirements Document [untitle

C llation Sp aft Sy Requi D [untitled]

L[ Spacecraft Bus Performance Specification [untitled]

— cience Data Process stem Requirements Document [unfitle

Sci Data Pr ing Sy Requi D [untitled]
—[ ] Mission Operations System Requirements Document [untitled]
—[ Y Ground Validation Site System Requirements Document [untitled]
[} Mission Operations Concept Document 420.2-PLAN-013002A
—-[) Formulation Authorization Document [untitled]

—'—I_j GPM Formulation Plan [untitled]
':D System Engineering Managment Plan 420.2-02-001-01
GPM Risk Management Plan 420.2-01-005-01
ag
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Status

* Requirements:
— Level 1 Requirements Document Ready for Acceptance
— Level 1 Requirements Entered into SLATE and Allocated to Mission Elements
— Level 2 Requirements identified and allocated within SLATE
— Draft Level 2 Requirements Document available for review
* Risks:
— Initial risk assessment at mission level complete and entered into SLATE

* SEMP:
- SEMP is signed off and being implemented.

M EASUREWME|

* Mission Design:

— Architecture and Mission Concept well in hand and will be presented today, with
draft operations concept document available for review.

PRECIPITATI ON

G LOBA AL
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pl ° Exit Criteria
e - SRR Approval — In work
- — Verified L2 Req flow down from L1 — Done via SLATE
e — Approved Systems Engineering milestones through PDR — Done
; — Established CM infrastructure and procedure — In work
* Outputs
— Mission Operations Concept Document — Draft available, baseline Aug 2002, sign
Dec 2002
— Mission (L2) Requirements Document — Draft available, baseline Dec 2002, sign
before PDR

— Functional Element Architecture Diagrams — SRR presentation
— Preliminary Element Interface Descriptions — SRR presentation
— Trade Study Results — SRR presentation

- Risk Management Plan — Draft available, sign Aug 2002

- SEMP — signed-off, update before SRR

— Life Cycle Cost Estimates — presented at TIM

— Verification Strateqy — SRR presentation
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