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Latent or ambiguous requirements drive the cost of acquisition programs severely, as shown in the figure below.  Clearly it is much more expensive to correct a requirement error in the later phases of development.  In other words, it pays to identify and clarify every requirement in the early stages of development.  

The ASDE-X Requirements Document (RD) has been reviewed and analyzed to remove requirement errors and ambiguities.  A Functional Description Diagram (FDD) and a requirements database were developed to help clarify all system requirements and classify them into functional areas.  Each requirement in the ASDE-X RD was reviewed with the stakeholder to understand its intent.  Finally, each requirement was analyzed to identify the functional area of the system, its risk, and to derive requirements necessary for the performance-based system specification.  

This report summarizes the Requirements Review and Requirements Analysis for ASDE-X.  The results of the review and analysis are documented and the data is presented in the appendices at the end of the report.  
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Latent or ambiguous requirements drive the cost of acquisition programs severely, as shown in the figure below.  Clearly it is much more expensive to correct a requirement error in the later phases of development.  In other words, it pays to identify and clarify every requirement in the early stages of development.  

Good requirements have the following characteristics:

· Correct
· Unambiguous
· Complete
· Verifiable

· Modifiable
· Traced
· Traceable
· Consistent

· Design-Independent
· Understandable by Customer
· Concise
· Organized

· Annotated
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To avoid the excessive costs of correcting latent or ambiguous requirements in the later phases of a program, the requirements defined in the ASDE-X Requirements Document (RD) have been reviewed and analyzed as shown below in Figure 2.  

Tools for Review and Analysis

To facilitate the process of requirements review and analysis, a Functional Description Diagram (FDD) and a Requirements Database were developed.  The purpose of the FDD is to functionally allocate all the system requirements in a graphical manner.  That is, the system and all its components can be seen at a glance.  Additionally, the relationship of each component to all other components can easily be seen.  The FDD developed for ASDE-X is shown in detail in Appendix I.  
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The Requirements Database details all of the information about each of the 235 requirements in the ASDE-X RD.  A form was developed that shows all of the relevant information for a given requirement.  A sample form is shown below in Figure 3.  

Requirements Review

After receiving the signed ASDE-X Requirements Document from ARR-100, the ASDE-X RD, a Requirements Review was conducted.  Like any RD in the FAA, the ASDE-X RD is a collection of requirements from many different stakeholders.  While many of the requirements are directly applicable to the operation of the system, that is, the requirements of the Air Traffic community, more than half of the ASDE-X requirements were defined by other stakeholders.  

The ASDE-X RD addresses areas as far reaching as:

· environmental hazards and how they must be handled; 

· training for both Air Traffic and Airway Facilities personnel; 

· lease terms; 

· system documentation; 

· physical, personnel, and information security; 

· system testing; 

· system packaging; 

· configuration management

Of course, all of these topics are important in order to field a safe, robust, supportable, and usable system.  

Having a broad spectrum of stakeholders define requirements for the system helps to insure that no critical issues are overlooked.  However, having such a broad spectrum of stakeholders also presents some problems.  

Each stakeholder has special concerns that deal with a particular area of the system and its lifecycle.  These concerns are expressed using domain-specific language that is not widely understood, and because requirements are carefully worded to be concise, readers not familiar with the domain-specific language may not understand what is intended by the requirement. 

The acquisitions branch of the FAA is responsible for insuring that each requirement is implemented.  When the acquisition is complete, each requirement is verified to insure that the system that has been acquired is the system that was required.  The problem is that the contract defining the acquired system is written by those unfamiliar with the domain-specific language used in the ASDE-X RD.  The writer of the contract might write something intending to meet a particular requirement in the RD, but which does not satisfactorily meet the requirement.  Testing would indicate an unsatisfied requirement, which would cause last-minute changes which are time consuming, expensive, and frustrating.  Conversely, the writer of the contract might write terms which so exceed the requirement that exorbitant amounts of money were spent in system development and the system deployment was delayed needlessly.  

The purpose of a requirements review is to perform an in-depth review of each requirement in the ASDE-X RD so that those people who write terms in a contract understand the intent of each requirement in the ASDE-X RD.  Each requirement is reviewed individually and the stakeholder is asked to explain the intent of the requirement.  Any confusion can be cleared by talking directly with the stakeholder.  This allows the intent of the requirement to be understood by those not familiar with the domain-specific language. 

For example, Section 3.1.1 of the ASDE-X RD states, “The ASDE-X system shall provide a color presentation of the airport movement area and arrival corridor(s), and of all stationary/moving aircraft and vehicle(s) within these areas, under all weather conditions.”  During the Requirements Review, the question, “What exactly is meant by the term color?”  The requirements review showed that the users intended that the colors defined in the study, Guidelines for the Use of Color in ATC Systems, should be used, and that any color selections should be verified with Human Factors experts.  

Requirements Analysis

After the intent of each requirement was understood from the requirements review, the ASDE-X RD was analyzed in a requirements analysis.  The requirements in the ASDE-X RD are concise, high-level requirements.  In order to meet the requirement, many technical parameters must be detailed in a specification that are not necessary in the RD.  Necessary system parameters to satisfy the requirement were identified.  Requirements that could be technical, cost, or schedule drivers were identified.  The requirements also were categorized in twenty different ways:

· FAA Internal
· Program Office
· Contract/SOW
· CDRL

· Errata
· Action
· General Performance
· Site Specific

· Specification
· Multiprocessor
· P3I
· HF/Display

· Sensors
· Radar
· Multilateration
· ADS-B

· Environmental
· Logging
· Risk
· RMS

In the example, Section 3.1.1 of the ASDE-X RD states, “The ASDE-X system shall provide a color presentation of the airport movement area and arrival corridor(s), and of all stationary/moving aircraft and vehicle(s) within these areas, under all weather conditions.”  There are many technical parameters that are associated with a perceiving a particular color on a particular display.  Some of these, like luminescence, viewing angle, ambient lighting conditions, etc., were identified in the requirements analysis.  The requirement was categorized as a requirement related to General Performance, the system specification, the system display, and all types of sensors.  
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Requirements Database

Figure 4 shows a typical form from the ASDE-X Requirements Database.  Each field on the form is explained below.  

RD Section Title – This field reflects the Section title in the ASDE-X RD under which the requirement may be found.  

Req Number – This field (found in the upper left and the lower right) is a sequential numbering of the requirements found in the ASDE-X RD.  

Req. Doc. – This field (found in the upper left and the lower right) reflects the ASDE-X RD Section Number where the requirement may be found.  

FDD Designator – The data in this field represents a functional allocation of the requirement to a Functional Descriptive Diagram of the system.  

Requirement – This unlabeled field reflects the actual language of the requirement from the ASDE-X RD.  

System Level – This field represents a word version of the FDD Designator.  

Check Boxes – The twenty check boxes in the middle of the form represent the categories into which the requirements were sorted.  See Appendices IV – XXIII for the requirements allocated to each category.  

Action – requirements in this section need clarification from a stakeholder to fully understand its intent.  See Appendix IV for more details.  

ADS-B – requirements in this section are relevant to an Automatic Dependent Surveillance – Broadcast (ADS-B) sensor.  See Appendix V for more details.  

CDRL – requirements in this section can be fully or partially satisfied through the delivery of documentation from the contractor. See Appendix VI for more details.

Contract/SOW – Requirements in this section should be reflected by explicit terms in the contract or the Statement of Work.  This category is not included in this report.

Environmental – requirements in this section are related to Environmental Protection Agency (EPA) regulations, Occupational Safety and Health Administration (OSHA) regulations, or other environmental issues.  See Appendix VIII for more details.

Errata – requirements in this section are in error or need to be changed. See Appendix IX for more details.

FAA Internal – requirements in this section are wholly or partly the responsibility of the Federal Aviation Administration.  For example, if asbestos is identified in a facility and must be removed, it is a FAA responsibility to generate and implement an asbestos removal plan for the facility. This category is not included in this report.

General Performance – requirements in this section apply to all aspects of the system.  See Appendix XI for more details.

HF/Display – requirements in this section have implications of human factors or are relevant to the display. See Appendix XII for more details.

Logging – requirements in this section dictate that the system must log certain data.  See Appendix XIII for more details.

Multilateration – requirements in this section are relevant to a multilateration sensor.  See Appendix XIV for more details.

Multiprocessor – requirements in this section are relevant to the computer platforms processing all of the data. See Appendix XV for more details.

P3I – requirements in this section are relevant to features that will not be implemented in the core system.  See Appendix XVI for more details.

Program Office – requirements in this section must be executed by the program office, monitored by the program office as it works closely with another FAA branch, or could entail hidden costs that would be the responsibility of the program office.  This category is not included in this report.

Radar – requirements in this section are relevant to a radar sensor.  See Appendix XVIII for more details.

Risk – requirements in this section could be difficult technically, very expensive, or very time consuming.  A requirement’s presence in this section could also indicate a poor understanding of its intent. See Appendix XIX for more details.

RMS – requirements in this section deal with Remote Monitoring of key system status parameters. See Appendix XX for more details.

Sensors – requirements in this section are relevant to all the sensors.  See Appendix XXI for more details.

Site Specific – requirements in this section will be satisfied uniquely depending upon the special needs of the site.  See Appendix XXII for more details.

Specification – requirements in this section must be captured in the system specification. See Appendix XXIII for more details.

Referenced Organization – This field reflects any internal FAA organization that was referenced in the requirement or which needs to be involved in the program because of a requirement.  

Rationale – This field records any relevant details from the requirements review and the requirements analysis.  

Specification Sections – This section contains a list of the specification sections which satisfy the requirement.  

Referenced Documents – This section lists any document that was called out in the ASDE-X RD.  

Technical Performance Measures – This section records any specified parameter in the ASDE-X RD.  

Participating Personnel

Table 1 lists each of the requirements stakeholders and the requirements which they own.  

Table 1:  ASDE-X Requirements Stakeholders

Organization
Requirements Owned

ARN-300
Sections 8.1 – 8.10

ANS-400
Sections 4.1 – 4.4, 4.6 – 4.8, 4.10 – 4.11, 5.1 – 5.3,  7.1 – 7.5

ARN-300
Entire Document

ACT-310
Sections 9.2

ANS-500/Advancia
Sections 4.5, 4.9, 6.3

AND-400/TAC
Sections 11.1 – 13.2

ARR-100
Sections 3.1 – 3.15

* Contractor personnel designated to represent the government stakeholder

Table 2 lists each of the participants in the ASDE-X Requirements Review.

Table 2:  ASDE-X Requirements Review Participants

Organization

ARN-300

ANS-400

ARN-300

AND-510

AND-510/Trios

ARN-300

AND-410

AND-410/510/STI

ATQ-3/Synoptek

ACT-510

ACT-310

ANS-500/Advancia

ANS-500

ATQ-3

AND-410/TAC

AND-400

ANS-700/NISC

ARR-100

Appendix I –

Functional Description Diagram (FDD)
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Based on the ASDE-X Review and Analysis of the ASDE-X Requirements Document, the 

ASDE-X has been decomposed functionally into the areas shown in Figure 5.  

The following pages of Appendix I show the ASDE-X FDD in detail at each level.  Each page is interrelated as shown in Figure 5.  

The system definition of the ASDE-X is the Functional Requirements Document (FRD).  That is, the input defining system design is the ASDE-X RD.  Inputs are shown entering the system from the left.  

The products necessary for the development of an ASDE-X system based on the ASDE-X RD are a System Specification, System Interface Control Documents (ICD), and FAA Internal Requirements.  Each of these is an output of the ASDE-X Requirements Review and Analysis.  Outputs are shown exiting the system to the right.  

Agency Regulations, Policies, Orders, and Standards control how the ASDE-X system can be implemented.  Controls are shown entering the system from the top.  

The System Acquirer, Support Personnel, Users, and Implementors all have various responsibilities in the implementation of the system.  These are shown entering the system from the bottom.  
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Appendix II –

Referenced Documents

This section lists 62 documents explicitly referenced in the ASDE-X RD.

Documents Referenced in the Requirements Document for ASDE-X


Referenced Document
Document Section Number
Other Document Specification
RD Section Number

1
FAA Standard 019


4.8.1

2
FAA Standard 020


4.8.1

3
FAA Standard 028, “Contract Training Programs”


8.7.1, 8.7.8, 8.8.3


FAA Standard 028, “Contract Training Programs”
DID-2

8.7.3


FAA Standard 028, “Contract Training Programs”
DID-5

8.7.4


FAA Standard 028, “Contract Training Programs”
DID-6

8.7.5


FAA Standard 028, “Contract Training Programs”
DID-7

8.7.7


FAA Standard 028, “Contract Training Programs”
DID-15

8.7.9


FAA Standard 028, “Contract Training Programs”
DID-16

8.7.2.1

4
FAA Standard 035, “Market Research for Commercial Electronic Equipment”


4.5.9

5
FAA-G-2100, “Electronic Equipment, General Requirements” 
Section 3

3.5.2


FAA-G-2100, “Electronic Equipment, General Requirements”
Section 3.2.1.2.2

3.5.4, 3.5.5


FAA-G-2100, “Electronic Equipment, General Requirements”
Section 3.2.1.2.4
Table III
3.5.4, 3.5.5


FAA-G-2100, “Electronic Equipment, General Requirements”
Section 3.2.1.3

3.5.6


FAA-G-2100, “Electronic Equipment, General Requirements”
Section 3.3.7.1

3.5.3


FAA-G-2100, “Electronic Equipment, General Requirements”
Section 4.3.4.4

3.5.6


FAA-G-2100, “Electronic Equipment, General Requirements” 
Appendix I

4.7.2, 4.8.2, 4.10.1

6
FAA-NAS-SS-1000, Volume 1


8.9.4, 8.9.5, 8.9.6.1

7
NAS-SR-1000
Section 3.8.1

3.2.1


NAS-SR-1000
Section 3.8.1.b

3.4.1

8
FAA Order 1050.1, “Policies and Procedures for Considering Environmental Impacts”


4.5.1

9
FAA Order 1050.19, “Environmental Due Diligence Audits in the conduct of FAA Real Property Transactions.”


4.1.1

10
FAA Order 1600.1, “Personnel Security Program”


7.1.2, 7.3.2

11
FAA Order 1600.8, “Communications Security (COMSEC)”


7.1.2

12
FAA Order 1600.46, “Physical Security Review of New Facilities, Offices Space or Operating Areas”


7.1.2

13
FAA Order 1600.54, “FAA Automated Information Systems Security” Handbook


7.1.2

14
FAA Order 1600.66, “Telecommunications and Information Systems Security” Policy


7.1.2

15
FAA Order 1600.69 “FAA Facility Security Management Program”


7.5.1

16
FAA Order 1800.58, “National Airspace Integrated Logistics Support Policy”


8.1.1

17
FAA Order 2220.1, “Legal participation in Procurement and Contracting”


4.1.2

18
FAA Order 3000.22, “Air Traffic Services Training”


8.7.2

19
FAA Order 3400.3, “Airway Facilities Personnel Certification Program”


8.8.7

20
FAA Order 3900.19


6.3.1

21
FAA Order 6000.15, “General Maintenance Handbook for Airways Facilities.”


8.9.6.4

22
FAA Order 6000.30, “Policy for the Maintenance of the NAS through the year 2000”


13.2.2

23
FAA Order 6000.36, “Communications Diversity”


4.11.2

24
FAA Order 6090.1, “Development and Implementation of Remote Monitoring Subsystems (RMS) within the NAS”


3.13.1

25
FAA Order 8040 “Safety Risk Management.”


4.5.11

26
DOT Order DOT H1350.250, “Information Systems Security Guide,”


7.1.2

27
DOT H 1350.251, “Network Security Guide”


7.1.2

28
“Human Factors Design Guide” (DOT/FAA/ACT-96/1)


6.1.2

29
“Human Factors in the Design and Evaluation of Air Traffic Control Systems” (DOT-VNTSC-FAA-95-3)


6.1.2

30
IEEE/ANSI Standard 142-1991


4.8.1

31
IEEE/ANSI Standard 1100-1992


4.8.1

32
National Environmental Policy Act (NEPA) of 1969


4.5.1

33
“National Energy Conservation Policy Act”


4.6.1

34
OSHA “General Industry” Standard 29 CFR 1910


6.3.2

35
Standard 29 CFR 1910


4.3.3

36
OSHA “General Industry” Standard 29 CFR 1910.96


4.2.1

37
OSHA “Construction Safety” Standard 29 CFR 1926


6.3.2

38
40 CFR 302


4.1.1

39
“Federal Air Regulation,” 14CFR
Part 77

4.5.6

40
“Airport Design Standards Advisory Circular,” AC-150-5300-13


4.5.6

41
“FAA Human Factors Job Aid”


6.1.2

42
“Uniform Federal Accessibility Standards,” FED-STD-795


6.1.1

43
ANSI/ASQC-Q-9001


11.1.1

44
ISO-9000-3, “Quality Management and Quality Assurance Standards”
Part 3

11.1.1

45
American Society for Testing and Materials (ASTM)-D3951, “Standard Practice for Commercial Packaging.”


8.10.1

46
Presidential Decision Directive 63, “Critical Infrastructure Protection”


7.1.2

47
OMB Circular A‑130, “Management of Federal Information Resources”


7.1.2

48
Executive Order 12699


4.5.12

49
Executive Order 12902


4.6.1

50
Executive Order 12941


4.5.12

51
National Fire Protection Association (NFPA) 70


4.10.1

52
National Electrical Code


4.8.2

53
“Environmental Protections Agency (EPA)” Standards


4.5.2, 4.5.3, 4.5.9

54
“Occupational Safety and Health Administration (OSHA)” Standards


4.5.2, 4.5.3

55
national building codes


4.5.2, 4.5.3

56
state building codes


4.5.3

57
local building codes


4.5.2, 4.5.3

58
Local ordinances (Seismic)


4.5.12

59
National Industry Standards


4.5.9

60
other national standards


4.8.2, 4.10.1

61
IEEE Standard


4.7.2

62
local standards (radar location)


4.2.2.1

Appendix III – Technical Performance Measures (TPM)

This section lists 25 Technical Performance Measures (TPM) that were explicitly defined in the requirements document and other derived TPM’s.  

Technical Performance Measures Defined in the Requirements Document for ASDE-X


Technical Performance Measure
RD Section Number

1
Coverage up to 200 ft. above the surface
3.3.1

2
Operates at (X-Band) 9.0- 9.2 GHz or (Ku-band) 15.7 - 16.2 GHz
3.3.2

3
target detection in 16 mm/hr of rain
3.3.4

4
detects vehicles at speeds from 0 to 210 knots
3.3.5

5
operational availability of at least 0.999
3.4.1

6
targets displayed within 5s of entering coverage
3.8.5

7
target continuity of at least 99.5 %
3.8.6

8
no more than 2 alerts / 24 hrs. due to false targets
3.8.7

9
process a minimum of 200 tracks within coverage area
3.8.8

10
at least 25 airport configurations
3.9.3

11
new map shall be displayed within 2s after a change
3.9.4.1

12
minimum of 1s target/track update rate
3.11.1

13
minimum of 1s alert update rate
3.11.2

14
displays have no less than 17 in. diagonal
3.12.8

15
display presentation recovery within 1s
3.12.16

16
target trail history of at least the five most recent positions
3.12.17

17
Data stored on a media that facilitates storage for at least 15 days
3.14.3

18
extract recorded data in time frames variable from 1 min. to 4 hrs.
3.14.5

19
at least 500 ft. clearance from any child care facility
4.2.2

20
no more than 30 minutes MTTR
8.9.4

21
2190 hours or more MTBF
8.9.5

22
no more than 1 person for preventive maintenance
8.9.6.1

23
preventive maintenance no more than twice/yr
8.9.6.2

24
preventive maintenance not to exceed 12 support hrs/yr averaged over the product life cycle
8.9.6.2

25
at least 2,190 hrs. between periodic maintenance tasks
8.9.6.3

Der
Resolution of 2 RCS targets of 3m2 by 40 ft. in range and 80 ft. in azimuth (independent) at 7000 ft.


Der
Detect Swerling I fluctuating target model 3m2 to a minimum range of 14,000 ft.


Der
90% Probability of Detection up to 16 mm of rain and in the presence of rain squalls


Der
PFA less than 10-6


Der
Multilateration accuracy of 20 ft. RMS in latitude and longitude with a GDOP not exceeding 1.5


Der
Multilateration coverage of at least 93% of the surface movement area


Der
Average update rate of 1 Hz. for multilateration


Appendix IV – Action Items

Thirty-one (31) requirements in this section need clarification from a stakeholder to fully understand its intent.  

Appendix V – ADS-B

Fourteen (14) requirements in this section are relevant to an Automatic Dependent Surveillance – Broadcast (ADS-B) sensor

Appendix VI – CDRL

Fifty-two (52) requirements in this section can be fully or partially satisfied through the delivery of documentation from the contractor.  

Appendix VII – 

(not included in this report)
Appendix VIII – Environmental

Thirty-eight (38) requirements in this section are related to Environmental Protection Agency (EPA) regulations, Occupational Safety and Health Administration (OSHA) regulations, or other environmental issues.

Appendix IX – Errata

Forty-four (44) requirements in this section are in error or need to be changed.  

Appendix X – 

(not included in this report)
Appendix XI –

General Performance

Seventy-five (75) requirements in this section apply to all aspects of the system.

Appendix XII – 

Human Factors/Display

Seventy (70) requirements in this section have implications of human factors or are relevant to the display.

Appendix XIII – Logging

Twelve (12) requirements in this section dictate that the system must log certain data.

Appendix XIV – Multilateration

Fourteen (14) requirements in this section are relevant to a multilateration sensor.

Appendix XV – Multiprocessor

Fifty-one (51) requirements in this section are relevant to the computer platforms processing all of the data.

Appendix XVI – P3I

Fourteen (14) requirements in this section are relevant to features that will not be implemented in the core system.

Appendix XVII – 

(not included in this report)

Appendix XVIII – Radar

Fifteen (15) requirements in this section are relevant to a radar sensor.

Appendix XIX – Risk

Twenty-three (23) requirements in this section could be difficult technically, very expensive, or very time consuming.  A requirement’s presence in this section could also indicate a poor understanding of its intent.

Appendix XX –

RMS 

(Remote Monitoring Subsystem)

Eleven (11) requirements in this section deal with Remote Monitoring of key system status parameters.

Appendix XXI – Sensors

Sixteen (16) requirements in this section are relevant to all the sensors.

Appendix XXII – Site Specific

Thirty-Nine (39) requirements in this section will be satisfied uniquely depending upon the special needs of the site.

Appendix XXIII – Specification

One hundred thirty-nine (139) requirements in this section must be captured in the system specification.  
































































Figure � SEQ Figure \* ARABIC �2�:  ASDE-X Specification Development Process and Deliverables
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Figure � SEQ Figure \* ARABIC �4�:  Typical form from the ASDE-X Requirements Database.  
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Figure � SEQ Figure \* ARABIC �5�:  Outline of the Functional Description Diagram for


ASDE-X
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Figure � SEQ Figure \* ARABIC �1�:  Relative costs to correct latent or ambiguous requirements in various phases of a program.  
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Figure � SEQ Figure \* ARABIC �3�:  Sample form from the ASDE-X Requirements Database.  
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