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FOREWORD

1. The elenents of a ﬁround support system for space vehicles
i nvol ves various |aunch systens, conplex ground equi pnent, and
associ ated conputer software at installations all over the
world. These installations are interconnected by a gl oba
control and communi cations network. The high cost of schedul e
del ays or of operational failures make it inportant that

nodi fications or upgrades to the ground equi pment and conput er
resources be carefully tested prior to operational use.

2.  This document contains the baseline test requirenments for
the design, devel opnent, and network integration of new or

modi fied ground equi pnent and associ ated conputer software.

More detalled technical test requirements for a particular

acqui sition woul d be addressed in the applicable specifications,
or in other applicable docunents, as an expansion of the
basel i ne herein.

3. This baseline is also an approach to the test and eval uation

of limted procurement quantity prograns in i Ienentlng t he

policies of Devel opment Tests and Eval uations (DT&E) an
erational Tests and Evaluations (OT&E) as outlined in AFR

80-14, “Test and Evaluation.” Software specific devel opnent
tests and eval uations established by DOD-STD-2167, “Defense
System Sof t war e Devel opnent”, are applied and augnmented to

include in DT&E those tests needed Tor the integration into the
network of new or nodified ground equi pment sof tware.

4., Test documentation established by DOD-STD-2167 differ in
nomencl ature, content, and scope fromtest docunmentation that
may currently be in use follomnn? mlitary standards published
prior to DOD-STD-2167. These differences are recogni zed and
addressed herein so as to be of no particular consequence to the
test program
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SECTION 1
SCCOPE

1.1 PURPOSE

This docunent establishes the test and eval uation requirenents
baseline for new or nodified ground equi pnent supporting space
vehicles and the associated new or nodified conmputer software.

1.2 APPLI CATI ON

This standard is intended for reference in applicable program
specifications, or in other docunents, to establish general test
requi renents for ground equi pment supporting space vehicles and
for the associated conputer software. It is applicable to the
desi gn, devel opnent, and integration of new or nodified equi pnent
and software into the operational ground el enments of space support
syst ens.

1.3 TALLORING

Tests should be tailored considering the test iten1design
conplexity, state of the art, mssion criticality, cost, an
acceptable risk. For sonme projects, tailoring nmay relax the
requirenents in this standard. For other prohects the requirenents
may be made nore stringent to denmonstrate with greater confidence
that the system being acquired perfornms adequately when all
paraneters,” environnments, and related uncertainties are considered.

1.4 TEST CATEGORI ES

The test requirenents herein are categorized as:

a. Part, material, and software unit devel opment tests
and eval uations (DT&E)

b. Step 1 : Conponent tests and eval uations (DT&E)

C. Step 2 :  Configuration item (Cl) conpliance tests
(qualrfication and acceptance) (DT&E)

d. Step 3: Integrated systemtesting (DT&E)

e. Step 4 : Initial operational tests and eval uations
(1 OT&E)

f. Step 5: Followon operational tests and eval uations
( FOT&E)
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SECTION 2
REFERENCED DOCUMENTS

NONE
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SECTION 3
DEFI NI TI ONS AND ACRONYMS

3.1 DEFIN TIONS
Terns are in accordance with the follow ng definitions:

3.1.1 Acceptance Tests. Acceptance tests are the
required formal tests conducted to denponstrate acceptability of
an item for delivery. The tests are designed to denonstrate
performance to specified requirements and to act as quality
control screens to detect deficiencies of workmanship,
material, and quality.

3.1.2 Commercial Of the Shelf. Conmercial off the
shelf (COTS) is an item (hardware, software, or both) produced
and made commercially available or in stock by a vendor prior
to the vendor receiving orders or contracts for sale of the
item  The vendor nay produce the itemto either commercial,
mlitary, or federal specifications or descriptions. COIS
includes itenms stocked by distributors for which governnent
contracts may be received. Nondevel opnental software is
consi dered as COTS in this document.

_ 3.1.3 Conponent. A conponent is a functional unit that
I's viewed as an entity for purposes of analysis, manufacturing,
mai nt enance, or record keep|n%. Har dwar e exanpl es are
hydraulic actuators, valves, batteries, electrical harnesses,
and individual electronic boxes such as transmtters,

receivers, or nmultiplexer. (See definition of conputer
software conponent.)

3.1.4 conputer war e ponent . A conputer software
component (CSC) is a functionally or logically distinct part of
a computer software configuration |ten1?CSCI) that is
di stingui shed for purposes of convenience in designing and
sPeC|fy|ng a conplex CSCI as an assenbly of subordinate
el enent s.

3.1.5 Conmputer Software Configuration Item A conputer
software configuration item (CSCl) is a configuration item (Cl
for conputer software. (See definition of configuration item

3.1.6 Conputer Software Unit. A conputer software unit
(CSU) is an conputer specified in the design of a computer
software conmponent (CSC) that is separately testable.




Downloaded from http://www.everyspec.com

M L- STD- 1833 SUSAF)
13 NOV 8

3.1.7 Configuration Item A configuration item(Cl) is
hardware or software, or an aggregation of both, that satisfies
an end use function and is designated by the Procuring Activity
as a C for configuration managenent purposes. A Cl may be a
har dware configuration item ( 1), a conputer software
configuration rtem (CSCIL or a configuration itemthat is an
aggregation of both hardware and software.

_ 3.1.8 Devel opment Contractor. A devel opnent contractor

I's a contractor responsible for the devel opnent engi neering and
gn%bflcatlon of configuration itenms (hardware, software, or

otn) .

3.1.9 Devel opnent Tests. Devel opnent tests include al
tests conducted to obtain information to aid in the design and
manuf acturing processes. Devel opnent tests are conducted to
generate design paraneters, validate design concepts, verify

esign criteria, determne design margins, identi failure
modes, and to determ ne manufacturing processes. vel opnent
testing may be informal in that controlled design and test
docurentati'on, formal certification, fornmal retest requirenents,
and flight type hardware are normally not required.

3.1.10 Devel opment Tests and Eval uat ions. Devel opnment
tests and evaluations (DT&E) are the formal tests conducted to
assi st the engineering design and devel opment process and to
verify attainnment of the specified perfornmance requirenents and
objectives . This may include tests and eval uations of
conmponents, subsystens, conputer software, Prototype nmodel s,
full-scale en?|neer|ng devel opment nodel s of the System
integration of related hardware and software, and tests of
conpatibility and interoperability with existing or planned
equi pment and systens.

2 3.1.11 Firmmvare, Firmvare is a conbination of a hardware
devi ce and conputer instructions or conputer data that reside as
read-only software on the hardware device. The software cannot
be readily nodified under programcontrol.

~3.1.12 Engineering Charge Proposal. A proposed _
engi neering change and the docunentation; by which the change is

descri bed, Hustif[ed, and submitted to the Procuring Activity
for approval or disapproval

3.1.13 Forma Qualification Test A formal qualification
test (FQT) is a test process performed to determ ne whether a
configuration itemconplies wth the allocated requirenents for

that 1tem
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3.1.14 Bardware Configuration ltem. A hardware
configuration item (HWCl) is a configuration item (Cl) for

har dwar e. (See definition of configuration item)

3.1.15 JtemLevels. The itemlevels used in this
docunent, fromthe sinplest to the nost conplex, are:

a. Part (for hardware only)

b. Subassenbly (for hardware only)
C. Unit (for software only)

d. Conponent

e. Subsyst em

f. Configuration item

g. System segnment

h. System

3.1.16 Launch System A launch systemis the conposite
of equipnment, skills, and-techni ques capabl e of |aunching and
boosting a space vehicle into orbit. The launch system Incl udes
the space vehicle(s), the upper stage(s), the launch vehicle
and related facilities, equipnment, material, software, _
procedures, services, and personnel required for their operation.

3.1.17 nNondevelopnental software. Nondevel opnent al
software (NDS) is deliverable software that is not devel oped
under the contract but is provided by the contractor, the
governnent, or a third party. NDS may be referred to as
reusabl e software, governnent furnished software, or
commercially avail able software, depending on its source.

3.1.18 (ln-orbit System An on-orbit systemis the
conmposi te of equiprment, skills, and techniques permtting
on-or bi t Oﬁeratlon of the space vehicle. he on-orbit system
i ncludes the space vehicle(s), the command and control network,
and related facilities, equipnment, material, software,
procedures, services, and personnel required for their operation.

3.1.19 perating Agency The oBerati ng agency is a

generic termwhich is used to describe any agency primarily
responsi ble for the operational enployment of a systemor itens
of equi pnent.
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_ 3.1.20 operational Mdes. The operational nodes for an
iteminclude all conbinations of operational configurations or
condi tions that can occur during each operational state. Some
exanpl es are: power on or power off, command nodes, readout
nodes, standby, calibration, and antennas stowed or tracking.

3.1.21 (Qperational States The operational states for a
system or system segnment include the major operational
configurations or conditions that can occur during their service
life. Some exanples are: maintenance state, standby state,
| aunch support, on-orbit support, and training.

3.1.22 (perational Test and Evaluation. Qperational test
and evaluation (OT&E) is the process that appraises a systenis
operational effectiveness and suitability of new itenmns,
modi fications, or installations (hardware, software, or both)
and provides information on tactics, doctrine, organization, and
personnel requirenents in a realistic operational environnent.

a. Initial operational tests and eval uations (I OT&E)
are conducted with the equipnment inits.
operational configuration, Iin an operational
environnent, by the operating personnel in order
to test and evaluate the effectiveness and
suitability of the hardware and software in
meeting operational requirenents. These tests
enphasi ze reliability, maintainability,
supportability, and 1ogistics.

b. Fol | ow-on operational tests and evaluations
(FOT&E) are conducted with the equipnment inits
operational configuration, in an operational
environnent, by the operating personnel assigned
to refine estimates made during initial
operational tests and evaluations (IOT&E) and to
identify operational system deficiencies.

3.1.23 Part. A part is a single piece, or two or nore
pi eces joined together, which are not normally subject to
di sassenbly without destruction or inpairment of the design
use. Sone exanples are resistors, transistors, integrate
g|rcE|ts, relays, capacitors, gears, screws, and nounting

rackets.

3.1.24 Procuring Activity. The Procuring Activity is the
Governnent office or agencK W th pr|narg responsibility for
devel opi ng and acquiring the system subsystem equipnent,
conputer software, or engineering services addressed in this

docunent .



Downloaded from http://www.everyspec.com

M L- STD- 1833 gUSAF)
13 NOV 8

3.1.25 Reusahle Software. Reusable software is software
devel oped in response to the requirements for one aﬁpl|cat|on
that can be used, in whole or in part, to satisfy the
requi rements of another application.

3.1.26 Site. A siteis a generic termused to refer to

any operating |ocation, operating conplex, operations area, or
support area.

3.1.27 Software Developnental File The software .
devel opment file (SDF? is a collection of documentation nateri al
Pertlnent to the devel opment or support of software. Contents

ypically include (either directly or by reference) design
consi derations and constraints, design docunentation and data,
schedul e and status infornation, test requirenments, test cases,
test procedures, and test results.

. 3.1.28 Software Mintenance. In general, software
mai ntenance refers to a variety of support activities required
during the operational life of the conputer software

configuration itenms, including the inplenentation of changes or
modi fications to nmeet continuing changes in operational
requirements, or to correct inherent design defects or errors.
This term also includes the reissuing of software specifications
as well as operator and user nmanuals to reflect inplenented
changes or nodifications.

3.1.29 war e Requi S _Specifi i on A software
requi renents specification (SRS) 1s a docunent that specifies
the detailed requirenents (functional, interface, performance,

qualification, etc.) allocated to a particular conputer software
configuration item

3.1.30 Software Test Description. A software test
description (STD) is a docunment that identifies the input data,
expected output data, and evaluation criteria that conprise the
test cases. The STD al so contains the necessary procedures to

performthe formal testing of a conputer software configuration
I'tem

3.1.31 Software Test Plan. A software test plan is a
docunment that describes the formal qualification test plans for
one or nore conputer software configuration itens, identifies
the software test environment resources required, and provides
schedul es for the activities. In addition, the software test
plan identifies the individual tests that are to be performed.

3.1.32 Subassenhly. The term subassenbly denotes two or
nore parts joined together to forma stockable unit which is
capabl e of disassenbly or part replacenent. Exanples are a
printed circuit board with parts nounted, or a gear train.

7
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3.1.33 Subsyste A subsystemis an assenbly of two or
nor e conponenfs,! |nc|uding_the supporting structure to which
they are nounted, and any interconnecting cables or tubln%. A
subsystem is conposed of functionally related conponents that
perform one or nore prescribed functions.

3.1.34 Syvstem A systemis the conposite of equipnent,
skills, and techniques capable of performng or supporting an
operational role. A systemincludes all operational equipnent,
related facilities, material, software, services, and personne
required for its operation. Exanples of systens that include
space vehicles and ground equi pnent as major subtier elenents
are launch systenms and on-orbit systens.

3.1.35 System Segnent. A system segment is a major
subtier elenent of a systemthat is so identified by the
responsi bl e program office, either for management expediency or
to facilitate separate procurenents.

3.1.36 Target Site The target site is the operationa

| ocation slated for a hardware or software nodification or
installation.

3.1.37 Test Discrepancy A test discrepancy is a
functional or structural anomaly that occurs during testing and
whi ch indicates a possible deviation from specification
requirements for the test item A test discrepancy may be a
monentary, nonrepeatable, or permanent failure to respond in the
predi cted manner to a specified conbination of test environment
and functional test stinuli. Test discrepancies nmay be due to a
failure of the test unit or to sone other cause, such as the
test setup, test instrumentation, supplied power, test
procedures, or conputer software used.

3.1.38 Version Description Docunent The Version
Description Docunent (VDD) describes the exact release and

version of an individual conmputer software configuration item or
a major software devel opnent. The VDD identifies the software
units and conponents involved, all Engineering Change Proposals
(ECPs) incorporated, problenms, and known errors that are
corrected by the ECPs. The VDD al so provides installation
instructions and other data needed to |oad, operate, or
regenerate the delivered software.

3.2 ACRONYMS

AFR Air Force Regul ation

CDRL Contract Data Requirenents List
Cl Configuration Item

COors Commercial Of the Shelf
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Li st of Acronyns (continued)

Conput er Sof t ware Conponent

Conmputer Software Configuration |tem
Conput er Software Unit

Depart ment of Defense _

Devel opnent Tests and Eval uations

En?l neering Change Proposal _
Fol | ow-on Operational Tests and Eval uations
Formal Qualification Test

Gover nment_ Fur ni shed Equi prent

Har dware Configuration Item _
Initial Operational Tests and Eval uations
Nondevel opmental Sof t ware _
Qperational Tests and Eval uations
Sof t ware Devel opnent File _

Sof tware Requirements Specification

Space Systens Division (Air Force Systens
Conmand

Sof tware Test Description
Version Description cunment
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SECTION 4
GENERAL REQUI REMENTS

4.1 TESTING PH LOSOPHY

The test program for ground equipnent and associated conputer
sof t war e enconﬁasses the testing of progressively nmore conpl ex
assenbl i es of hardware and conputer software. The test program
requires the conpletlon of specific test objectives gr|or to the
acconpl i shment of others. Design suitability shall be _
denonstrated in the earlier devel opment tests prior to testing

the next nore conplex assenblies or conbinations in the
progr essi on.

4.2 TEST PLARS AND PROCEDURES

Test plans and procedures shall be tailored to the specific
needs of the equipnment or associated conputer software and the
tests shall be conbined when practical. Depending upon the
characteristics and conplexity of the devel opment or nodification,
i ndi vidual procedure steps may have additional substeps defined.
For sinpler devel opnents, the test plans, the test procedures, or
both may be consolidated to conserve resources. |f two or nore
devel opnent tests are to be conducted in the same test facility
or operational area, the advantages of conbining the tests into
one test plan should be considered. A single test plan is
general ly best, provided test quality and thoroughness are not
conpr om sed.

4.2.1 Test Plans. The test plans shall be based upon a
function by function mssion analysis and the testing
requirements.  Test objectives shall be planned to verify
conpliance with the design and specified requirenents of the
itens involved, including interfaces. To the degree possible,

tests shall be planned and executed with the idea of fulfilling
test objectives that are both developnental and operational in
nature. = The test plans shall indicate the test requirenents,

testing approach for each item related special test equipment,
facilities, systeminterfaces, and downtine requirenents. The
test plans shall identify the allocation of requirements to
aﬁproprlate testable |l evels of assenbly. A brief background of
the project and test item descriptions shall be included in the
test plans. For software test plans, where test item descriptions
may not be in order, a brief background, which includes the

requi rements to be fulfilled and a brief description of new
capabilities or deficiencies to be corrected, may suffice.

11
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Test tools and test beds shall be identified in the test
plan. The test plan shall also state the qualification testln%
pl anned for the test tools and test beds to denonstrate that the
tools, test beds, or both represent an operational system
environment and verify that sinulated interfaces are correct.

When appropriate, the test plan may be drafted using an
existing test plan properly nodified for the purpose. he use of
tenpl ate test Elans.for.nndlflcat|ons to an existing
contfiguration baseline is encouraged.

4.2.2 Test Procedues Tests shall be conducted using
docunented test proceduresprepared for performng all of the
required tests in accordance with the test objectives in the
approved test plans. The test objectives, testing criteria, and
pass—fail criteria shall be stated clearly in the test _
procedures. The test procedures shall cover all operations in
enough detail so that there is no doubt as to the execution of
any Step. Test objectives and criteria shall be stated clearly
to relate to design or operations specifications. Wiere
appropriate, pass—fail criteria shall be provided at the
procedure step level. Traceability shall be provided fromthe
specgflcatlons_or_rQSU|renents to the test procedures. \ere
possi bl e, the individual procedure _step which satisfies the
requirement shall be identified. The test procedure for each
configuration item (Cl) shall include, as a mninum descriptions
of the follow ng:

a. Initialization requirenents

b. I nput data

C. Expected intermediate test results

d. Expected out put data

e. Pass-fail criteria for evaluating results
f. Assunptions and constraints

4.2.3 soft\Ware Test Plans and Software Test Description
Docunent s. Some acqui sition contracts may have requirenments for
the delivery of a Software Test Plan and a Software Test
Description (STD) docunent for the software devel opnent
i nvol ved. In those cases, the requirements stated in this
docunment for test plans and test procedures that are applicable
to the software should be satisfied in the applicable Software
Test Plan and STD docunents. The STD docunent shall provide
traceability of the requirements in the software requirenent
specification and interface requirenent specification to the test

12
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cases that fully or partially satisfy each requirenent or set of
requi rements.  For software naintenance, traceability to the
deficiency which identified a problem shall be provided in the
test procedures or software test description.

~4.2.4 Test Condition Tolerances. Meeting particular
design and testing environnental requirenments may be necessary
durln? some conpliance testing. Design and testing paraneters
nornally include allowable test condition tolerances. Unless
stated otherw se, the design and test environnmental paraneters
sPeC|f|ed can be assuned to include the follow ng maxi nmum
al l owabl e test tolerances:

Design and Test Paraneters Test Tol erance
Tenperat ure + 3.deg C
Rel ative Hum dity + 5 percent
Accel eration + 10 percent
Pressure
Above 1.3 x 102 Pascals ( 1 Torr) + 10 percent
1.3 x 10-1 to 1.3 x 102 Pascals + 25 percent
(0.001 Torr to 1 Torr)
Less than 1.3 x 10-1 pascals + 80 percent
( 0.001 Torr)
Vi bration Frequency + 2 percent
Si nusoi dal Vibration Anplitude + 10 percent
Random Vi bration Accel eration
Power Spectral DenstIZ
20 to 500 Hz (25 or narrower) + 1.5 dB
500 to 2000 Hz (50 Hz or narrower) + 3.0 dB
Random Overall g rns + 1.5 dB
Sound Pressure Level
1/3 Cctave Band + 3.0 dB
Overal | + 1.5 dB
Shock Response Spectrum (Q = 10) + 6 dB with 30 percent of
1/6 Cctave Band Center the response spectrum
Frequency Anmplitude center frequency anplitudes
greater than noninal test
specification
Static Load + 5 percent
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4.3 RETEST

Wienever the design of hardware or the codin? of conputer
software is changed, the hardware and conputer software involved
shall be retested, as necessary, and all docunentation pertinent
to the changes shall be revised. Wen retesting a configuration
item (Cl), Timted retesting of the CI may be adequate to verify
that the new design is satisfactory and no new probl ens have been
introduced. However, care nust be exercised with this limted
retesting concept since even small changes can potentially affect
the C in unexpected ways. The degree of retesting requires
approval by the Procuring Activity.

Retesting may also be necessary if a discrepancy occurs while
performng any of the required testing steps. In that case,
conducting a ﬁroper failure analysis plays an |nEortant part in
detern1n|n% the type and degree of retesting. The failure
anal ysis should include the determnation of whether a failure
occurred, the cause of the failure, the synptons of the failure,
and isolation of the failure to the smallest replaceable item

4.3.1 Dpuring Conpliance Testing. If a test discrepancy
occurs during conpliance testing, the test nay be continued
W t hout corrective action if the discrepant item or software
coding area does not affect the validity of test data obtained by
the continuation of testing. Oherwise the test shall be _
|nterruBted and the discrepancy verified. If the discrepancy is
caused by the test setup, test software, or a failure in the test
equi pment, the test being conducted at the time of the failure may
be continued after the cause is renoved and repairs are conpl et ed,
as long as the failure did not overstress the itemunder test. If
the discrepancy is caused by a failure of the itemunder test, the
prelimnary failure analysiS and appropriate corrective action
shal | nornallﬁ be conpleted and properly docunented before testing
IS resuned. etesting may be required to establish a basis for
determ ning conpliance of a test itemto a specification or
requirenent, and may be required to assess the readi ness of test
items for integrated system testing.

4.3.2 During Integrated System Testing. |If a discrepancy
occurs during integrated systemtesting, it shall be properly
docunented for |ater evaluation. The test director is responsible
for assessing the effect of the d|screpancy to determ ne wnether
t he dlscrepancz has j eopardi zed the probable success of the
remai nder of the test. The test director nay decide to continue
or halt the test. If continued, the test starts at the test
procedure step designated by the test director. The integrated
system testing should be continued, where practicable, to conserve
time-critical operational resources. \Wen the discrepancy has
been corrected or explained, retesting may be required. Depending
upon contract provisions, test location, and operational factors,
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the degree of retesting may require approval by the Procuring
Activity or other governnent agencies.

_ 4.3.3 During Operational Tests and Evaluations. If a
di screpancy occurs during operational tests and evaluations, it is
docurmented for later evaluation. The operating agency is
responsi ble for assessing the effect of the discrepancy to
det erm ne whet her the dlscrepancy has | eopardi zed the probable
success of the remainder of the fest The operating agency is
al so responsible for determining the degree of retesting required.

4.4 pOCUMENTATI ON

4.4.1 Test Docunentation Files. The test procedures, |ist
of test equipment used, conputer software used, test data, test
results, problens or deficiencies encountered all pertinent
anal yses, and resolutions shall be docunented and maintained. The
test docunentation files shall be maintained by the aﬁpl|cable
contractors for the duration of their contracts and shall be made
avai l able for Procuring Activity review upon request.

4.4.2 Test Data.  Pertinent test data shall be maintained
to permt the evaluation of perfornmance under the various _
specified test conditions. ransi ent responses and nmode switching

tests shall be exam ned for proper response. The test data shal

al so be conpared across mgj or test sequences for trends or

evi dence of anomal ous behavior. Al relevant test neasurenments
and the environnmental conditions inposed on the units shall be
recorded on el ectronic nedia, such as nmagnetic tape, or by other
suitable nmeans to facilitate automated accunul ation and sorting of
data for the critical test parameters. These records are intended
to be an accunulation of trend data and critical test paraneters
whi ch shal | be exam ned for out of tolerance values and for
characteristic signatures. A summary of the test results shall be
docunented in a test report. The test report shall detail the
degree of success in neeting the test objectives of the approved
test plans and shall docunment the test results, deficiencies,

probl ems encountered, and problem resol utions.

_ 4.4.3 Test Log Formal test conduct shall be docunented
inatest log. The test log shall be tine-tagged to permt a
reconstruction of test events such as start tinme, stop tine, and
any periods of interruption. The test |og shall be nade available
for Procuring Activity review upon request.

4.5 FEIRMMRE TEST.

Commercial Of the Shelf item (COTS, see 3.1.2) shall be tested as

Firmvare that falls under the intent and Eur ose of a
COTS (see 5.4.3). Firmware that is not COIS shall be tested as a
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devel opnent item subject to the test requirenments of this
docunent . The software elenment of firmvare shall be tested as

software, and the hardware elenment of firmmvare shall be tested as
har dwar e.
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SECTION 5
DETAI LED REQUI REMENTS

5.1 CATEGORIES OF | NSPECTI ONS AND TESTS.

As outlined in Table |, the primary tests for ground equi pment
and associ ated conputer software start at the conponent |evel of
assenbly and progress at each higher |evel of assenbly until the
entire systemcan be tested in its operational environnent. These
primary tests are identified as Step 1, Step 2, Step 3, Step 4,
and Step 5 tests. In addition, there may be devel opnent tests and
eval uations at |ower levels of assenbly, and in-process _

i nspections and tests required for hardware to avoid assenbl|ng a
defective system The categories specified herein are intended to
enconpass all ground equi pment and associ ated conputer software
tests and inspections required during the systemlife cycle. The
tests and inspections are categorized as foll ows:

a. Part, material, and software unit devel opment
tests and eval uations (DT&E)

1 Part and material devel opment tests and
evaluations, qualification tests, and
acceptance tests (DI&E)

2. Subassenbly | evel devel opnent tests and
i n-process tests and inspections (DI&E)

3. Comput er software unit (CSU) | evel
tests (DT&E)

h. Step 1 : Conmponent tests and eval uations (DT&E)

C. Step 2 :  Configuration item (Cl) conpliance tests
(qual ification and acceptance) (DI&E)

Step 2.1: Single C conpliance tests (DI&E)
Step 2.2: Conmbined CI conpliance tests (DI&E)
d. Step 3 : | ntegrated systemtests ( DT&E)

€. Step 4 :  Initial operational tests and
eval uations (I COT&E)

f. Step 5 : Followon operational tests and
eval uations (FOT&E)
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Dependi ng upon the characteristics and conplexity of the
devel opment or nodification, each step may have additional
substeps defined, or for sinpler devel opnents, sone of the test
steps may be omtted.

5.2 PART, MATERIAL AND SOFTWARE UNI T DEVELOPMENT TESTS AND
EVALUATI ONS

Part, material, and software unit devel opnent tests and
eval uations are conducted to denonstrate the feasibility_of
using certain itens in the inplementation of a design. ~ These
subtier devel opnent tests and eval uations na¥ be conducted to
assess design alternatives, manufacturing alternatives, and to
eval uate tradeoffs to best achieve the devel opnment objectives.
Devel opnent tests may be required to validate hardware and
comput er program design concepts or to assist in the evolution
of designs fromthe conceptua Phase to the operational phase.
An objective of these tests shall be to identify hardware and
conput er program problens early in their design evolution so
that any required corrective actions can be taken prior to
starting formal step testing. Developnent tests nmay be used to
confirm performance margins, nanufacturability, testability,
naintainabilit¥, reliability, life expectancy, and compatibility
with systemsafety. Were practicable, developnent tests should
be conducted over a range of operating conditions that exceed
the design limts to identify marginal design features.

~ These tests may be conducted at in-plant test facilities
whi ch may include subcontractor’s facilities, at a governnent
approved test bed, or at any other appropriate test facility.
However, when perforned at an operational governnent facility,

that governnent facility may require approval of the test plans
and procedures. Internal contractor docunentation of

devel opment test plans, test procedures, and test results are
normal ly used unless stated otherwi se by contract.

5.2.1 Part and Material level Devel opnent Tests and
Eval uat ions. Part and material devel opment tests and
eval uations shall be conducted as required to qualify parts,
materials, and processes to assure proper application in the
design, to assure adequate perfornmance margins, and to devel op
acceptance criteria for the items to avoid assenbling defective
hardware conponents.  The mninum required devel opnent tests and
eval uations include qualification of new types of parts,
materials, and processes to assure proper aPpI|cat|on in the
design, and to devel op acceptance criteria for the itenms to
avoi d assenbling defective hardware conmponents.

5.2.2 Tests and In-process
nd [ nspection. Subassenblies shall be subjected to
devel opnent tests and evaluations as may be required to
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denonstrate feasibility, to mnimze design risk, and to assess
the design and manufacturing alternatives and trade-offs
required to best achieve the devel opnent objectives. Tests
shal | be conducted as required to devel op in-process
manufacturing tests, inspections, and acceptance criteria for
the itens to avoid assennling defective hardware itens.

5.2.3 cComputer Software Dnit Tests. The earliest
devel opnent tests and eval uations of software are performed on
computer software units $CSUS) which are the smallest software
el ement of a conputer software conmponent that is separately
testable. As a mninmum each CSU shall be tested to ensure that
the algorithnms and |ogic enployed are correct and that the CSU
satisfies its specified requirements. For each CSU or logically
related group of CSUS, the test procedures, design code, test
results, deficiencies or problenms encountered, and resol utions
shal | be docunented in a software devel opment file (SDF)
mai ntai ned by the devel opment contractor. \Wenever the design
or coding are changed, the CSU shall be retested, as necessary,
and all docunmentation pertinent to the changes shall be revised
and updat ed.

5.3 : NEN A

~ Conponent tests and eval uations are in-process inspections

whi ch are used to devel op system design and Perfornance mar gi ns
and to provide criteria used to avoid assenbling defective
hardware items. These tests nag be conducted at in-plant test
facilities which may include subcontractor’s facilities, at a
overnment approved test bed, or at any ot her appropriate test
acility. I nternal contractor docunmentation of conponent test
plans and test procedures is nornally used, unless stated
otherwise in the contract. However, when a conponent test is
?erforned at an operational governnent facility, that governnent
acility may require approval of the test plans and procedures.

5.3.1 Step 1 : Hardware Conponents. Har dwar e conponents
shal | be subLected to tests and evaluations as nmay be required
to qualify the conponents to assure proper application in the
design, to assure adequate perfornmance margins, and to devel op
acceptance criteria for the conponents to avoid assenbling
defective hardware. Conponent tests and eval uations nay al so be
required to denonstrate manufacturing feasibility, and to assess
t he design and manufacturing alternatives and trade-offs
required to best achieve the devel opment objectives.

5.3.2 sStep 1 : Conputer Software Conponents. The
conputer software units (CSUS) formng a software conponent with
specific functions constitute a conputer software conponent
(CSC). CSC tests shall be conducted to assure that a
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algorithns and logic used in each CSC are correct and satisfy
their allocated requirements. The tests shall also evaluate any
design alternatives or trade-offs, denpnstrate the feasibility
of the CSC design, and assure that design risks are mnim zed.

5.4 E‘TEP 2 . CONFI GURATI ON | TEM COVPLI ANCE TESTS (QUALIFI CATION
AND ACCEPTANCE) .

Step 2 tests are the qualification and acceptance tests of a
configuration item (Cl), either a hardware configuration item
(HWCl'), a conputer software configuration item Cl), or a C
consisting of both hardware and software. The Step 2 tests
i ncl udes qualification and acceptance tests of conbined C's.
The Step 2 tests shall be conducted at in-plant test facilities
whi ch may include subcontractor’s facilities, at a governnent
2P roved test bed, or at any other appropriate test facility.

Step 2 tests shall be conducted using prequalified test
tool s and test procedures desbﬂned_to attain the test objectives
in the approved test plans. en included wthin the scope of
the contract, the conpletion of these tests nay be made
contingent on the satisfactory conpletion of subsequent
integrated system tests. A Functional Configuration Audit and a
Physical Configuration Audit are nornaIIY conducted in _
accordance with contract requirenents follow ng the conpletion
of Step 2.2 tests.

5.4.1 ; Si liance T
5.4.1.1 Step 2.1 Hardware i on. Each

: ardware Cl Qualification.
hardware configuration item (Cl) type shall be formally
qualified. The qualification tests shall verify that the Cl
meets the specified sys;en1de5|gn requirenents allocated to the
C, including external interfaces. he qualification tests
shall verify the performance margins by evaluating the
functional performance of the Cl in an environment that
simul ates the operational environments associated with the Cl

5.4.1.2 step 2.1 Hardware C Acceptance  The
qualification tests on the first production item of each type
serves as the acceptance test for that item  Subsequent
production items of each type shall be fornallx accept ance
tested as required. The acceptance tests of the subsequent
production items may be a subset of the qualification tests.

5.4.1.3 step 2.1 Conpter Software C Qualification.
Functional or logically distinct conmputer software conponents
(CSCS) are organized or grouped into conputer software
configuration itens (CSCIS). Each CSClI perforns or executes a
set of functions or tasks. Formal qualification tests shall be
conducted on each CSCI to verify CSClI conpliance with design or
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specified requirements, i.e., stressing the CSCls to the limts
of their specified requirements. Step 2.1 tests associated with
sof tware mai ntenance shall be conducted on the CSCl as required
to verify that the deficiency docunented in the problem

descri ption has been corrected.

5.4,2 Step 2.2 : Combined CI Compliance Tests. A series
og conpllance test steps shall be conducted on expandi ng strings
of con

onfiguration itens (CS). ;gpically, a hardware
configuration item ( ) is conbined with other HACIS and t he
conbi nation tested, a conputer software configuration item
(CSCI% I's conbined with other CSCI'S and the conbination tested,
and then the various CI'S are conbined until the final end item
equi pment to be delivered is tested, including the interfaces.
The actual conbination of CIS to be tested, and the particul ar
test sequence to follow, depend on the conplexity of the

devel opnment, criticality of the functions, and on the external
interfaces involved. The tests shall be designed to confirm
functi onal conpat|b|l|t¥ anong the nechanical, electrical, and
conputer software interfaces. Step 2.2 tests shall denonstrate
that the end item functions resulting at each test sequence of
conbined CI'S neet the performance requirenents and system
specifications. To show the planned sequence for the Step 2.2
tests, the detailed tests should be further identified as Step
2.2.1 tests, Step 2.2.2 tests, Step 2.2.3 tests, Step 2.2.4
tests, etc. for the expanding strings of configuration itens.

5.4.3 Commercial Off the Shelf or Goverpment Furnished
Equi pnent Testing. Commercial off the shelf (COIS) itens that
are not devel oped-specifically for the acquisition or
modi fication are often included in the systemdesign. Al so,
government furnished equi prent (GFE) may be included in the
system design. The COIS or GFE itens may be either hardware,
software, or a conbination of the two. When incorporated in the
system design, individual tests shall be conducted on the COTS
and GFE itens prior to incorporation in the configuration itemns
or assenblies. The COTS and GFE shall be included in the
testln% baseline, that is, as incorporated in the configuration
items being tested for conpliance. The test shall be conducted
at the level of detail necessary to determ ne whether the COTS
and GFE perform satisfactorily, are documented adequately for
the application, and satisfy the systemrequirements allocated
to them This test requirenent shall apply to al
nondevel opmental software.

5.5 STEP 3 ; INTEGRATED SYSTEM TESTING.
I ntegrated systemtests shall be designed to exercise, as

near as practical and possible, the total system The intent is
to ensure that the products, which may be fromnmultiple
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contractors, are integrated, that interfaces are verified, and
that all hvﬁher | evel operational requirenments or specifications
are met. ere practicable, integrated systemtests shall be
performed on integrated configuration itens (CIS) installed in
an operational system \Wenever possible, these tests shall be
conducted at the target site wth the support of the operational
personnel . A devel opnent test bed approved by the Procuring
Activity as sufficiently sinmulating the operational system
capability for test purposes may be used for Step 3 integrated
systemtests if target sites, operational conplexes, or other
suitabl e operational support areas are not available. The Step
3 integrated systemtests shall incorporate tests of the
affected interfaces of the ground equi pment and software with
other elenments of the operational system The Step 3 tests
shall be structured as appropriate to denonstrate design

requi renments of the systemrelated to such itens as performance,
el ectromagnetic conmpatibility, reliability, maintainability,
system safety (hazardous noi'se, radiation hazards, pressure
vessels) , logistics supportability, operational procedures, and
per sonnel performance.

Step 3 tests shall be conducted to denonstrate the
followng, as applicable to the nodification or upgrade:

a. That reliable operation is achieved at specified
design limts
b. That specified system functional and perfornmance

requi rements are net

C. That the system can recover from hardware or
software mal functions within a reasonable or
specified time without |oss of data or control

d. That performance requirements are met under al
required |ogical or physical device assignnent
conbi nati ons

e. That the software and hardware nodifications or
upgrades have not degraded the capability of the
systenm s baseline or of other operational systens

f. That security mechanisns are in place or
incorporated to protect resources from
unaut hori zed access or break-in fromillicit users

Tests shall be focused on the external interfaces involved,
the use of operational data bases and operational scenarios, and
the systemrequirements froma nssion operations perspective.
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The Step 3 tests shall also include other applicable tests,
such as a reliability denonstration; a maintainability
denonstration, system safety tests, inspections, and eval uations
in such areas as hardware inspections for electrical and
mechani cal hazards, including caution |abeling; evaluation of
the fire suppression system evaluation of energency systens;
use of any hazardous naterials; possibility of personnel
exposure to _any equi pnent and anbient noise |evels considered
hazadous; RF radiation testing to determne actual |evels of
radiation to which personnel may be exposed and to evaluate the
accurac¥ of the mathenmatical predictions of radiation |evels;
proper tunctioning of any radiation warning systens; and proper
procedures for inspection, operation, and nai ntenance of
pressure vessels.

_ Step 3 integrated systemtests shall be conducted by an

I ndependent test organization approved b% the Procuring
Activity. This test organization shall be responsible for the
devel opment of test plans, test tools, and test procedures and
the conduct of the test. Devel opnent contractors provide
squort for the Step 3 tests and the resolution of deficiencies
only within the scope of the applicable contract provisions and
as directed by the Procuring Activity.

5.6 STEP 4 : INTIAL OPERATIONAL TESTS AND EVALUATI ONS

Initial operational tests and evaluations (|1OT&E) are _
conducted with the equipnent in its operational configuration, in

an operational environment, by the operating personnel. These
Step 4 tests are conducted in an environment that is as
operationally realistic as possible and practical in order to

test and evaluate the effectiveness and suitability of the
hardware and software in meeting operational requirements. Step
4 tests are conducted to denonstrate operational requirenments on
reliability, maintainability, |ogistics supportability,
operational” procedures, and personnel perfornance.

5.7 STEP 5 : FOLONMON OPERATI ON TESTSARD EVALUATI ONS.

Fol | ow-on operational tests and evaluations (FOT&E) are
conducted with the equipment in its operational configuration by
t he operat|n% personnel assigned. The Step 5 tests denonstrate
and verify the continued capability of the system wth the
modi fication or upgrade incorporated, to support ongoin
m ssi ons. Fol | ow-on operational tests and eval uations ?FOT&E)
are conducted to refine estimates nmade during initial operational
tests and evaluations (1OT&) and to identify operational system
defi ci enci es.
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SECTION 6
NOTES

This Notes section is not a mandatory part of this standard.
The contents of this section are intended for use by governnent
acqui sition personnel for guidance and information only.

6.1 | NTENDED USE

This standard is intended only for ground equi pment and _
associ ated conmputer software, where applicable. This standard is
not intended to be used in the acquisition of space equi pnent or
software to be used in space equipnent. The test requirenents
for the space el ements of a space system are addressed in _
ML-STD- 1540 , “Test Requirenents for Space Vehicles”, and not in
this docunent.

6.2 TAILLORED APPLI CATI ON

~ The technical requirenments in each contract should be .
tailored to the needs of that particular acquisition. Mlitary
speci fications and standards need not be applied in their
entirety. Only the mnimmrequirenents needed to provide the
basis for achieving the Erogran1reqU|renents shoul d be i nposed.
The cost of inposing each requirement of this standard should be
eval uated agai nst the benefits that should be realized. However,
the risks and potential costs of not |nF05|ng_reqU|renents must
al so be considered. The tailoring should be inplenented by the
wording used to state the testing requirenents in the
specifications or in other applicable contractual docunents.

The extent of testing required and all tailored testing are
to conply with the intent and purpose of AFR 80-14. This Ts
especially crucial in software testing because of its rapidly
evolving technology. |f adherence to this standard is by
sel ective application or tailoring, the fundamental purpose of
devel opnent tests and eval uations and operational tests and
eval uations nust be properly observed.

6.3 DOCTUMVENTATI ON

Docurments, forns, technical manuals, and data are prepared
and distributed in accordance with the Contract Data Requirenments
List (CDRL) of the applicable contract. The data itens discussed
in this standard are not deliverable unless invoked by the CDRL
or the applicable contract.
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