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Abstract

Performance specifications define the functionglibeements for the product, the environment in Wwhianust
operate, and interface and interchangeability atarastics. A performance specification statesim@gnents in
terms of the required results. However, a perfocaaspecification does not state the methods fuiesing the
required results. They translate operational reguents into more technical language that tellsyitaaufacturer:
what will be acceptable product performance, and that product acceptability is determined. Sysgafety
professionals can make use of the performancefiitin process to include those items which wdtify the
elimination or mitigation and control of a varieifhazards. This paper discusses the history emddes an
overview of the DoD Performance Specification pesceThis paper will also provide guidance to ysems
safety professional in writing related performaspecifications and how to best use this proce#isteerify
potential hazards have been eliminated or contiolle

Introduction

Since WWII, the Government used Technical Data Bge& (TDPs) and Detailed Design Data (DDD) to pmcu
most of its materiel. This included detailed miljta&tandards, specifications to drawings, and betai
manufacturing process specifications (ref. 1). i@dly, the Government told the contractor exabibyv to build a
product. This helped ensure quality, but not iratmn. This lasted until technology began to otipghe
Department of Defense’s (DOD) ability to keep tipplacable requirement specifications and detaitsent (ref. 2).
It was determined that there must be “greater aut@n between the defense and commercial inda%tioekeep the
“U.S. military technology the best in the world.It was also noted that many commercial items ofigarable or
higher quality were being made substantially che#psn those made according to existing militargcsfications.
(ref. 2)

Thus, “On June 29, 1994, the Secretary of Defeirsetéd sweeping reform of military specificaticarsd
standards. The Secretary directed the Departmddefeinse to make greater use of performance andheooial
requirements in the acquisition process. Performapecifications are preferred over detail spedtifims.” (ref. 3)
This was a part of the Department of Defense atoprigeform, in which all or most proscriptive rdicements
were replaced with performance related requiremiaras effort to reduce costs while increasing asde
advanced technological improvements.

Performance specifications were crucial to acquisiteform. They permitted the contractor needexiffiility to
develop innovative product solutions. The governinoenld then receive quality products and servatesffordable
prices from a larger industrial base more respensivDOD needs. The use of performance based g@icihs
resulted in cutting-edge products due to greatustry competition for government business, whighificantly
helped modernized today’s military (ref. 1).

Another law, - the Federal Acquisition Streamliniagt of 1994 (FASA), was signed by President Clintm
October 13, 1994. This law streamlined the fedgoakrnment's acquisition system significantly chagghe way
the government buys products. The government (L eavier reliance on procuring commercial pregiaod
services; (2) made the process for high-volume;Value acquisitions easier; (3) expanded oppoitsior small
businesses to sell to the government; (4) imprdkedid protest process; and (5) extended the Tinuth
Negotiations Act to civilian agencies (ref. 4)

William J. Perry, Secretary of Defense to Presiddimton, on 29 June 1994 stated (ref. 5),



“I have repeatedly stated that moving to greaterafgerformance and commercial specifications and
standards is one of the most important actionsDio@ must take to ensure we are able to meet our
military, economic, and policy objectives in theute. Moreover, the Vice President's National
Performance Review recommends that agencies awoiehgment-unique requirements and rely more on
the commercial marketplaceRerformance specifications shall be used when pginh new systems,
major modifications, upgrades to current systemd,ran-developmental and commercial items, for
programs in any acquisition categoryTo the extent practicable, the Government shoulhtzia
configuration control of the functional and perf@mee requirements only, giving-contractors
responsibility for the detailed design.”

Thus, specifications moved from detailed specifteet (how to build) to performance based specificest (what it
does).

Determine What Requirements Apply

To determine what the product should do, a prograrmst first understand the needs of the user. Begin
reviewing the program’s operational requirememts.stated in (ref. 6), “Requirements relate dinetdl the
performance characteristics of the system beingded. They are the stated life-cycle customer sesd
objectives for the system, and they relate to h@N the system will work in its intended environmén

Safety critical design requirements and desigriGatfor a system under design/development andsssexisting
requirements for safety impacts can be accomplisteed Safety Requirement/ Criteria Analysis (SRCAe
system safety professional reviews or createsybiesis Preliminary Hazard List (PHL) and analy$espotential
hazards to current system requirements, performspeeifications, laws, standards and regulatiortsdate a list
of regulations or design requirements (ref. 7).

The system safety profession will need to assesspierating environment, materiel handling, an@otbsues

which could potentially impact the safety of theecgtor or maintainer throughout the life of theteys
Requirements can be categorized in various waysfye See (Table 1) for common requirement caiego

Table 1 — Common Requirement Categories

Requirement Definition
Statements that define the basic needs and exipestatf the system in terms
Operational Requirement of mission objectives, environment, constraintsl areasures of effectiveness
and suitability (MOE/MQOS).
Functional Requirements The necessary task, actiaativity that must be accomplished.

How well the system must perform — generally meadim terms of reliability,

Performance Requirements :
quality, other performance related goals.

The actual how to build or buy types of requiremdbdesign requirements

Design Requirements may include the types of coating to be used, etc.

Implied requirements or requirements that mustoltlewed due to higher level

Derived Requirements )
requirements

A requirement that is established by dividing drestvise allocating a

Allocated Requirements high-level requirement into multiple lower-levebrgrements.

Table adapted and quoted from (ref. 6)

Review all of the Operational, Functional, Perfonte, and Design requirements for any potentiatgaigpacts
and determine any related derived or allocatedireaquents. Thoroughly review the expected/requapdrational
environments as they may create additional safepacts to operators and maintainers. The impiketty Iwill
cause allocated safety requirements. Also considgisafety critical impacts which could be causgdoftware
failures.

Many times system safety related requirements reagnsvague or missing. Requirements are rarelneifi
explicitly. Because MIL-STD-882_ is required incacdance with DODI 5000.02, it is an automatic ki
requirement. A thorough review of safety relateditialiy and industry standards is important as tlilety contain



other derived or allocated requi

rements. OSHA &iatbs, MIL-STD-1472, MIL-STD-1474, and various bchn

specific standards such as OPNAVINST are excefilattes to start. Also consider researching ingliusgendards
such as ANSI, IEEE, and SEC standards. Some stheces of requirements are:

Lessons Learned Docu

Capability Developmen
(ref. 8)

Key for system safety professio
those requirements. This under

Architecture Documentation

Statements of Work (from previous increments)
Design Documents from Previous Increments
Documents from Similar Programs

mentation

Initial Capabilities Document
Capability Production Document

t Document

nals is to undedsththe stated and implied requirements and fwlest meet
standing is basegewnf integrated ESOH Working groups composed of a

engineers, test, logistics, Human Systems Integrgtersonnel and the like. The ESOH WG must ertbatehe
safety strategy and approach addresses the potestiards and adequately demonstrates the safétg aesign in
the expected operational environment during teshev The safety professional must work closeljh Wi&E to
assist in the development of a Requirements Téiyaldiatrix (RTM) depicting how each safety requinent will

be tested (ref. 9)

Below are some basic question

What environments will

s to ask to help m@teroperational requirements (ref. 6).

Where will the system be used?

How will the system accomplish its mission objeeflv

What are the critical system parameters to accamplie mission?
How are the various system components to be used?

How effective or efficient must the system be infpeming its mission?
How long will the system be in use by the user?

the system be expected &rate in an effective manner?

Other areas to consider when analyzing requirenfentsotential safety issues are listed in (Tahlér&f. 6).

Table 2 — Considerations for Requirements Analysis

Consider ation

Description

Customer Expectations

(What the customer wantsysem to accomplish)

Project & Enterprise Constraint$

(Cost, schedutailable manpower, management decisions, etc.)

D

External Constraints

(Available technology, pulaicd international law, external equipment)

Measures of Effectiveness

(Mission performancegtgafeliability, etc.)

Measures of Suitability

(Maintainability, ease skyetc.)

System Boundaries

(What systems or componentsnaier mssessment, what falls outside of th
area of control?)

11

Interfaces

(What other equipment is necessaryhiBcomponent or system to operate?
What tools are necessary for maintenance or test?)

Utilization Environments

(Weather, temperature extes, vibration, noise, operational time of day,)et

Lifecycle

(Operations, maintenance, test, dispasal)

Functional Requirements

(What the system must aptisim)

Performance Requirements

(How the system must qpe)yfo

Modes of Operation

(Types of operations and comaktiunder which they must operate)

Technical Performance Measur

es (Thresholds & ot

Physical Characteristics

(Size, weight, type ofticog etc.)

Human Systems Integration

(Noise, lighting, reagace limits, ergonomics, etc.)




As you review these requirements, develop or adbasystem’s Preliminary Hazard List. Keep in dnpotential
hazards that could happen in operations, maintenaest, and disposal phases. Depending on thplegity of
the system, you may be able to begin a Prelimik@zard Assessment. Consider ways that proactfeéitywing
the derived requirements you've found could mitget eliminate these potential hazards. Frompbist, one can
begin to develop a performance specification tmiglate or mitigate the hazard while still in theside stage.

Coordinate with Systems Engineers and Test andutiah personnel to ensure the requirement is atidtue
Requirements Traceability Matrix and addressetie@System Requirements Review.

Performance Specifications

According to MIL-STD-961E (ref. 10) , a Performargecification is “a written requirement that déses the
functional performance criteria required for a gater equipment, material, or product. The oVgrarpose of a
specification is to provide a basis for obtainingraduct or service that will satisfy a particutered at an
economical cost and to invite maximum reasonabepegition.”

In 1908, the United States Signal Corps draftedreetpl document to identify the required speciitset of the
Wright Brothers’ heavier-than-air flying machinefr11). The document included specifications sagh

be easily taken apart for transport in Army wagons
be capable of being reassembled for operation imoan
carry 350 pounds for 125 miles

maintain 40 miles per hour in still air

The Wright Brothers won the contract, awarded aRaubnths after the announcement, at a cost 00$25,

Performance specifications provide specific paransethat describe a product from the basis of h@iend result
will satisfy a particular need, so that industiyough a competitive environment, can provide tast lsolution at
the most economical cost. According to referengef( 10), “A good specification should do fouims: (1)
identify minimum requirements, (2) list reprodueiiést methods to be used in testing for compliavitte
specifications, (3) allow for a competitive biddaf@#) provide for an equitable award at the lovpestsible cost.”

As stated in (ref. 12), “Performance specificatidefine the complete performance required of tielpet, the
intended use, service environmental conditionsntaaiability, and necessary interface and intergkability
characteristics.” Performance Specifications rbgstjuantitative (or measureable) rather than gtizi (or
subjective). See (Table 3) below for additionabgnce on qualities of a well written performanpedfication.

Table 3— Qualities of a Well Written Performance Specifica
Clear A performance specification is clear if iingtten in plain English. Although most
performance specifications are written in a positense, there is no need to do so if
stating it in the negative sense improves its tylari

Consistent A performance specification is consisfahdoes not conflict with any other
specification.

Correct A performance specification is correchi uisers agree the performance specification
reflects their need.

Not A performance specification should not be redundétnis redundant if there is another

Redundant performance specification that means the same .thing
Unambiguous| A performance specification is unambiguf it has only one interpretation.
Verifiable A performance specification is verifiakf the specified behavior of the characteristia ¢
be checked in a repeatable manner.
Adapted from: (ref. 13)




There generally are System Safety, EnvironmentadlHuman Systems Integration sections includederdifaft
Performance Specification document that is includatie Request for Proposal. Typically there rhaywo
limits, a Threshold limit, (the specification thatist be met) and an Objective limit, (the speciftrathat is
desired). However, some specifications list omig avhen the objective and the threshold is atdheedevel.

A general system safety performance specificatiay state something to the effect of,
“The operation, maintenance, storage, transporntatiodisposal of the system shall not present any
hazards that are assessed as more severe thansS&siks as specified in MIL-STD-882E (Thresholtl)s
desired that the operation, maintenance, storeaygsportation, or disposal of the system does restgmt
any hazards that are assessed as more severeavaisks as specified in MIL-STD-882E (Objective).”
For a system with lithium batteries, a performasypecification may state,
“If the system contains Lithium batteries, the systand the battery shall be capable of meeting all
requirements needed for approval by the Navy LithRattery Review Board (Threshold); is already
approved (Objective).”

For a system that might have the potential for rdmas noise levels, a performance specification begy

“In an operational state, the internal acousticadevel shall not exceed an A-weighted steadg staise
limit of 70 db(A).”

It is important to work with the systems enginegramd test and evaluation team, as safety is a-wédetween
cost, schedule and performance. While safetyaelperformance specifications can be a valuabletavay
proactively eliminate or mitigate hazards early letthe system is in the design phase.

Verification/Validation Techniques

All specifications must be verified and validatederification ensures the system waslt according to
specification requirements. Validation ensuressysenoperates according to those specification requirements.
The verification and validation process allows glogernment to avoid unnecessary cost, scheduleriormance
risks while ensuring the system or component undasideration actually meets the users’ needs arfdrimance
requirements. There are four types of verificatiad validation activities used to determine ifyatem or
component meets the stated requirements (ref.10):

1. Demonstration: Involves the actual operation of an item to prthat the system functions as necessary
during specified scenarios. The system or compomaythave instruments attached.

2. Examination or Inspection: Generally a nondestructive type of verificatioattincludes the use of sight,
hearing, smell, touch, and/or taste; simple physi@nipulation; and can include the use of meatadror
electrical gauging to verify the item performs aquired.

3. Analysis: Uses established technical or mathematical madedgnulations, algorithms, charts, graphs,
circuit diagrams, or other scientific principlesdgorocedures to provide evidence that stated reogints
were met.

4. Test: A verification method in which scientific princgs and procedures are applied to determine the
properties or functional capabilities of items.

As stared in (ref. 14),
“The type of verification technigues used in a parfance specification and the amount of test and
evaluation needed depends upon various risk facach as whether the item is used in critical
applications, whether development is required acdeptable nondevelopmental items exist, or winethe
the technology is well-understood and stable @ri#f a rapidly changing technology.”



Each requirement must be verified as implementtxithre system. If the requirement cannot be \astifit is not a
valid requirement. Once implemented, the requirgmaust be validated as performing in an expectadmar
according to requirements. Thus, both are necgssaletermine if a system meets required perfooman
specification requirements. More than one veriftocaand validation activity may be used to detewrif a system
or component meets the stated performance speficalt is important to work with the systems evegers and
test and evaluations personnel to determine theeprtype of activity is applicable to verify andidate each
system safety performance specification.

Verification and Validation Events

System safety verification and validation acti\stiake place at various verification test eventsuphout the
system lifecycle. Both the type of verificationdavalidation event would, depending on the compjeaf the
system or component under consideration, be paheoBystem Verification Plan, Validation Plan, fTasd
Evaluation Master Plan and/or System Test Evalodimategy. Validation testing typically simulatesl world
conditions, such as road testing for vehicles. dmgtesting done as part of computer monitoring g€hicle’s
performance during real world situations also \atks the effectiveness of the system. Systemysafetessionals
must work closely with test personnel to coordirtateverification and validation of safety performa
specifications at the earliest applicable event.

Verification and validation events are typicallypgped into three classes of events, Design Vetifin&Events,
First Article Testing (FAT), and Conformance Ever@perator Evaluations (OE), Performance Articlsting
(PAT), Post Implementation Evaluations (PIE), andelpendent Logistic Assessments (ILA). Schedttlieg
verification and validation of safety related penfiance specifications in the earlier events sudhfasand OEs
allows for changes to the system with a lower figlcost, schedule and performance issues. Typjcabst safety
verification and validation will occur during FATHowever, there is a need to continue to ensuetysaf
verifications and validations during later evenistsas the PAT, PIE and ILA, and if possible after system has
been delivered through ongoing analyses.

When determining what is needed to verify and \aéd performance specification, test and evalugi@sonnel
may find it helpful to create a specification/vaxdtion cross reference matrix such as the on&ablé 4) below:

Table 4 — Specification/Verification Cross Reference Matrix

METHOD OF VERIFICATION CLASSES OF VERIFICATION
1 - Analysis A — Design Verification
2 — Demonstration B — First Article Test
3 - Examination C - Conformance
4 — Test
Section 3 Performance Specification Verification Verification
Methods Class

T v T2 [ s[4l AT BT C

4.5.3.1| In an operational state, the internal adousise level shall not
exceed an A-weighted steady state noise limit cdiy@).
4.5.3.2| Equipment requiring more than one (1) petsdift shall be X X X
clearly labeled to indicate the weight and the nerndd personnel
required to lift.

X X

Adapted from (ref. 14)

Conclusion

When system safety is properly integrated in thiyeaquisition process, many hazards can be efitathor
mitigated as contractors are considering solutthnéng the proposal stage. When potential safstyds are tied to
performance, verification of a hazard’s eliminatammitigation is given an earlier priority. Thgssem safety
professional will need to work closely with othgstems engineers, test and evaluation personned@ndsitions
professionals to ensure an appropriate balanceskataafety, cost, schedule, and performance.
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