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A Study on Establishing the Requirements Verification Matrix
(RVM) for the Space Launch Vehicle

Junyouk Jang”®, Dong Hyun Cho, Il Sang Yoo
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Abstract : The intended system’s function and performance can be assured through implementing the
development process, the verification compliance against corresponding requirements, in accordance with the
fundamental principle from the Systems Engineering. For the effective verification implementation, related
core metadata should be selected and managed throughout the development life cycle. And these have to be
included in the configuration document such as specification so that taking them as development baselines
each phases if necessary. In this paper, associated case study results are introduced to establish the
Requirements Verification Matrix (RVM) for the verification management on the space launch vehicle

development program.
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[Figure 3] An Establishment of Requirements and
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(Table 1> RVM Example (NASA SE Handbook)

Verifi- Acceptance | Preflight | Performing
Require- Verification Suc- cation il Require- i
ment No.? Paragraph® cess Criteria® Method" ment? i Results'
P-1 HXK 3211 System X 1. System X locks to | Test KKK 5 XXX TPS 0%
Capability: | shall pro- forward link at the
Support vide a max. | min and max data
Uplinked ground- rate tolerances

Data (LDR) | to-station | 3 System X locks

uplinkof... | t5 the forward link
at the min and max

operating frequency
tolerances
P-i XXX Other Other Other criteria XK X KX XXX Memo xxx
paragraphs | “shalls"in
PTRS
S-iorother | oo (other | Other Other Other criteria KKK HHXK HHXK XAK Report xox
unique specs, ICDs, | paragraphs | “shalls”in
designator | etc)) specs, ICDs,
etc.

. Unique identifier for each System X requirement.
. Document number the System X requirement is contained within.
- Paragraph number of the System X requirement.
. Text (within reason) of the System X requirement, i.e., the “shall”
. Success criteria for the System X requirement.
Verification method for the System X requirement (analysis, inspection, demonstration, or test).
. Facility or laboratory used to perform the verification and validation.

. Phase in which the verification and validation will be performed: (1) Pre-Declared Development, (2) Formal Box-Level Functional, (3) Formal Box-Level Environmental, {4) Formal System-
Level Environmental, (5) Formal System-Level Functional, (6) Formal End-to-End Functional, (7) Integrated Vehicle Functional, (8) On-Orbit Functional.

Indicate whether this requirement is alse verified during initial acceptance testing of each unit.
Indicate whether this requirement is also verified during any pre-flight or recurring acceptance testing of each unit.

e P an oo

-

. Organization responsible for performing the verification
Indicate documents that contain the objective evidence that requirement was satisfied

(Table 2> VRM Example (NASA MSFC Verification Handbook)

3.7.2.2 7, 2a 1l1a

3.73 7

3.75 2a 1.1a, 1.1c

FZ=ape A=y H=c}

1.0 : Test a : Component D : Development
1.1 : Functional b : Subsystem Q : Qualification
1.2 : Environmental ¢ : System A : Acceptance

2.0 : Analysis L : Pre-launch

3.0 : Demonstration F : Flight

4.0 : Inspection N/A : Not Applicable

5.0 : Validation of Records

6.0 : Similarity

7.0 : Review of Design Documentation
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(Table 3> RVM Example (NASA SLS System Specification)

A5y
2357 W 2757 A% Aswy aus
- . A D T |W|S
Dispersed Monte Carlo analysis.
SLS.1 SLS Lift Capability - Block 1 X X Models anchored with System level
tests (wind tunnel, etc.).
A vehicle-level analysis to ensure
. . . service life is met. Test and
SLs.8 Service Life - Minimum X X X demonstration on first Block 1
flights.
Analysis to ascertain the vehicle's
SLS.24 Pad Stay Time X ability to withstand the
environments at the launch pad.
HEYH

A : Analysis / I Inspection / D : Demonstration / T : Test / VR : Validation of Records / S : Similarity

(Table 4> VCRM Example (R&D Program 1 System Specification)

- - g A5YY
27E ¥s FEESEE ‘ L Pl i e
XXXXXX 000000 SY I T D
XXXXXX 000000 SY A D
XXXXXX 000000 SU I I I
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th 9] VRME HZA 8ol #st 5o tieiA 3
e
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We APFORH ATAFe] W 2302 7
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NASA SLS(Space Launch System) 7IZAFY]
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A 2aEdR Yo7 =50 RVM oA tjb] 75

ASYH ASEH

SY : System
SU : Subsystem

: Development
: Qualification

: Acceptance

: Pre-flight

: Flight

: Not Applicable
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(Table 5> VCRM Example (R&D Program 2 System Specification)

5wy
RFHHS 2= HS
- - T A I s | N/A
XXX 000000 X
XXX 000000 X X
XOOOX 000000 X X X

(Table 6> VCRI Example (Defence Development Program System Specification)

OO 000000 X X K| 4HA| ™

JOOEKX 000000 X

X000 000000 X HIsA|E
WS AAgeto g a il gef uel sapEow A 2.3 27 A4S HEZA(RVM) HEHH O|E]
S-S gjotst &= Qs A S & = Qi SFEARA AL ] EAe o FA W oA
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<Table 7> RVM Metadata List = getd = 3lore HE MR A He 5
EECEDE BlolE] g (14 7] e
I e P R R
Az TE; ‘;J%,] ?%‘ 2.4 SFUMA 27FH AT HEZHA(RVM)
e 2AL A, 1)
=5 = AR, A BAE, =8
G N o L PP RVME 727 2 25 o F2 dekvloly
AF4n |00 AgH, OOAE o] Ad, AdeE vigtdoly 1o 4 aA 2A =
AZE)Z XXNﬁxy/%‘ﬂ oMM, ol $HE 5 Ak whehd S A A
" T XX /el s _
25k © =7 o) 5] = d}
Azanan (95 a9 = Abdell 2 e RVME 5187 flsiA] = 7
A=A 3 ) 2= 53] 3 H
Ads | AR | qon0 g2 2= g dedlolE] 7o) AA PHAl Aol aFHT)
ASFFN |35 v 3 FHvehs s 5 5 Axlse] vlE ¢
T A <

Ll
HE/HF
0001/xx | NA NA (2EHF) NA NA NA
45 Y 2 LK, OO Ais
1A : AL S| XX~XX 2] O|LY XX~XX 22| 0|2 814 51'“1 °e
SIS 7| 55 e
0002 /xxx 1A 1T o XX-XX, OO s
ds Al 2t ANE AE=AM
1T: HZZE M5 A" | XX~XX 2| O]y XX~XX 22| 0|2 —
RSl Jig g | 00K OO 48
H L
= 1A Ab ?EC‘THM‘*QEF e XX-XX, OO 84
5A:FH = ¢y XX 0] ¢ mglzgwaw qx a4 BT
NE BF
N XX-XX, OO M=
4= AlE Zap XX ANE &M
0003/500¢ SA|4T|4T| 11 aT: g A= A | xx o4 Nas=wEE oo =z
NE == - , OO0 38H
= AE 2N
S0t A} 3}
Hu o = i OO0 HA
1T SN | XXX gl ol | XG0S oy | DX OO BM
UL 7|E 55 -
\ ' ) HEcH ool AZYW ofo]  HZu ool
X : Not Applicable 1: System NA : Not Applicable
= |
1_'Il7—1k| (%grkl)o“ Eﬂ'o}(ﬂ D : Development (~CDR) 2 : Element A : Analysis
i gojAgiolez 2g| Q : Qualification 3:Subsystem  I:Inspection
A : Acceptance 4 : Assembly D : Demonstration
L : Pre-launch (~FRR) 5:Component T : Test
F : Flight S : Similarity
P : Post-flight

22 N 2=HAR|L o
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