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[Abstract]

Recently, safety-critical aviation system development programs promoted domestically have been terminated in the middle stage or they
have not been put to practical use at the final stage. The program failure may be caused by various factors, but this study focused on
imperfect test and evaluation(T&E) procedures. In general, T&E process of a safety-critical system must be distributed throughout the
entire life-cycle of the system, have a continuity in phases, and can be implemented in a variety of ways depending on the maturity of the
system development and acquisition strategy. This paper aims to present a new strategy by analyzing the domestic and overseas T&E
processes to reduce the risk of domestic safety-critical CNS/ATM system development program and increase the success rate of program.
First, we discuss the verification and validation techniques for safety-critical systems, analyze the T&E procedures of advanced institutes
and the domestic situation, and then compare the domestic and overseas T&E processes to complement the imperfect testing procedure.
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Table 1. SW development project success rate.

2011 | 2012 | 2013 | 2014 | 2015
Successful 29% | 27% | 31% | 28% | 29%
Challenged 49% | 56% | 50% | 55% | 52%
Failed 22% | 17% | 19% | 17% | 19%

E2 g 27 d&8 2 HHlE =3

Table 2. Error detection rate and estimated elimination
cost by steps.

Where faults The estimated
faults . Where faults are M b P
hase ) found(%
P introduced(%) ) fault removal
Reqguirements/|
Concepts
Design 70 3.5 1x
Code
Development
Bve opme 20 16 5x
Test
Operational
P 10 50.5 16x
Test
Release 9 40x
—_— 0
In—Service 20.5 110x
4 : centroid of error detection distribution
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/ Curve 1 .
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: 7 best moderate worst ."'». N
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Fig. 1. Life-cycle error detection examples.
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Sequential T&E Approach

Contractor Development &
Experi <

Validated Test Tools, Approved Methods,
and Formal Testing

Life-Cyde: >

Integrate Testing with the
Development Cycle

Interactive T&E Approach
Contradior Development & AP
( Experimentation

Validated Tools &
Metheds Provided to
Developers

New T&E Needs
Provided to Test
Community

Validated Test Tools, Approved Methods,

‘v b SN 2"d Development Time :
Life-Cycle
a8 2. T&E S&E 77| - TSET

Fig. 2. T&E Integrated life cycle - TSET.
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{ Program Requirements ] [
(

System Specifications
Operational Requirement)

(System Requirement)

TEMP
Test & Evaluation Master Plan

]

Operational Test

Development Test In-Service Management

- DTSW, DTHW Testing * NAS Integration Testing * Major Program Upgrade

+ Factory Acceptance + Operational Effectiveness and Support
Testing(FAT) Suitability Testing * Minor Program Upgrade
+ Functional Qualification - Reliability, Maintainability, Support
Testing(FQT) Availability, Supportability, * Program Maintenance Support

+ DTintegration Testing Degraded Operations

+ DT System Testing - Stress & NAS Load Testing

+ Production Acceptance - Human Factors Evaluations
Testing(PAT) - Etc.

* Site Acceptance Testing(SAT) || - Independent Operational

+ DTRegression Testing Assessment (I0A)

a3 3. FAA WJHTC Al
Fig. 3. FAA WJHTC T&E plan flow chart.

gt AE 8%

System Testing

IOT&E
NAS OT&E NAS OT&E
DT&E Integration Operation Field Familiarization

O3 4. SEZARoT] AlRETL A

Fig. 4. Airport surveillance radar T&E phase.
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Concept Technology System Devel. & Production & Operations.
Refinement Development Demonstration Deployment & Support
Milestone A Milesione B FRPDR
Technology Approve A M;';f;??; L(;UP Full Rate Production
Development New Start PP Approval

TEMP Update

Test/ Evaluation TEMP Update
Strategy
I QosD it it 1t

'l

[ Development Test and Evaluation (DT&E)]

Preliminary TEMP
1

LFT&E

{Operat\ona\ Testand Evaluation (OT&E)|
X

Initial OT&E I Follow-on Operational
LFT Report T&E (FOTSE)

Early Operational
1t (EQA)

« FRPDR : Full Rate Production Decision Review =
+ LRIP : Low Rate Initial Production
= LFT: Live Fire Testing

Operational
1t (OA)

LFT&E: Live Fire Testing and Evaluation
+ OSD : Office of the Secretary of Defense

T8 5. DOD Al & =5 Z2M~
Fig. 5. DOD test and acquisition process.
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Application Tor
certification

Reception and
review of application

Inspection
request

Planning inspection
& reporting plan

‘ Applicants MOLIT MOLIT | Inspection Agency
Issuance of Determine fulfiliment of| | Report of i Compli f :
certificate ertification requirement: il

| MOLIT ‘ MOLIT ‘ Inspection Agency | Inspection Agency

SYSTEM CONCEPT

TECH
REFINEMENT

SYSTEM DEVE. &
DEVE.

OPERATIONS
DENONSTRATION

PRODUCTION & |

LIFE-CYCLE DEPLOYMENT | & SUPPORT
(RIP FRPDR
TRE
. TEMP TEMP TEmP
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Fig. 6. Processes of compliance inspection.
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Fig. 7. Comparison of domestic and foreign T&E
processes over system life-cycle.
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