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1. Introduction

1.1 Background

The Federal Aviation Administration (FAA) Navigation and Landing System Program Office’s (AND-740/720) Runway Visual Range (RVR) program enhances airport capacity and safety through the procurement and installation of RVR Systems in support of Category I/II/III instrument approaches.  The RVR is an essential system consisting of the hardware and software to calculate an estimate of how far down a runway a pilot can see.  The objects viewed may be runway lights or runway markings.  The RVR System provides reliable RVR measurements to various users including: local Airport Traffic Control Tower (ATCT) cab and Terminal Radar Approach Control (TRACON) air traffic controllers; Enhanced Traffic Management System (ETMS)/Collaborative Decision Making (CDM) users (airline dispatchers); Automated Surface Observing System (ASOS) and Automated Weather Sensors System (AWSS) users; and Airport Operations Center personnel.

New RVR Systems are required to replace older, obsolete systems and to satisfy emerging National Airspace System (NAS) requirements.  Experience and market research have shown that the performance of the RVR visibility sensors (VS) and ambient light sensors (ALS) are systems critical, in that they provide measurements from which RVR values are determined, and that commercial non-developmental items (NDI) exist that may satisfy NAS operational requirements.  Accordingly, an acquisition strategy has ensued that requires the FAA’s William J. Hughes Technical Center to conduct operational capabilities testing (OCT) of the VS and ALS as part of the new procurement’s selection process.  The OCT is an integral part of the comprehensive RVR Test Program developed by FAA William J. Hughes Technical Center (WJHTC), ACB-630 in support of the overall RVR Systems acquisition.

The Volpe National Transportation Systems Center (VNTSC) has been designated to conduct the VS and ALS source selection OCT.  The test will be conducted at the Weather Test Facility (WTF) operated by the VNTSC on Otis Air National Guard Base (ANGB), Cape Cod, MA.

1.2 Purpose
This document outlines the testing needed to validate operational capabilities of RVR visibility and ambient light sensors.  This test plan provides an overview and a description of the tests that will be conducted to verify VS and ALS sensor performance.  This plan provides the basis for development of the OCT procedures.
1.3 Scope

The scope of this test plan is limited to verifying operational capabilities of two optical sensors of the RVR system, namely, the VS and the ALS.  The Test Plan will provide a basis for the determination of the degree to which VS and ALS devices are able to meet the minimum performance requirements outlined in the Performance Specification PC Based Runway Visual Range (RVR) System, FAA-E-2772A.  The tests are limited to sensor features expected from commercial non-developmental units that are necessary to meet FAA-specific requirements for these devices.

2. Reference Documents

2.1 General

The documents listed in this section are specified in section 3, 4 and 5 of this test plan.  This section does not include documents cited in other sections of this test plan or recommended for additional information or as examples.

2.2 Government documents

2.2.1 Specifications, standards and handbooks

	 FAA-E-2772A
	Performance Specification PC Based Runway Visual Range (RVR) System


2.2.2 Other Government documents, drawings and publications

	 FAST
	Acquisition Management System, Test and Evaluation Process Guidelines, April 2002


3. System Description

3.1 System overview

The performance requirements established in FAA-E-2772A are for a PC-based RVR System built on the systems requirements and component concepts that proved successful with the New Generation Runway Visual Range (NGRVR).  The RVR System consists of the sensors necessary to produce required RVR products and a windows based, industrial-grade data processing unit (DPU).  The RVR System functional block diagram, FIGURE 3-1, illustrates the major RVR components and typical interfaces.  The sensor complement for an airport would include a minimum of one ALS and as many VSs and RLIMs as are needed to provide coverage for the instrumented runways of the airport.  The RVR System configuration will have capabilities for two DPUs; two ALSs with Sensor Interface Electronics (SIE); 30 VSs with SIEs; 10 Runway Light Intensity Monitors (RLIM) consisting of SIEs with 8 current loop sensors each; and 32 Controller Displays (CD) on each of the local and remote communications lines.

Experience with current operational systems and the apparent availability of commercial systems indicate that forward-scatter meter technology is the current preferred type of visibility sensor for NAS RVR systems, therefore, the PC-based RVR System will also use this technology.

The following provides basic descriptions of the sensors to be tested under this plan.

3.1.1 Visibility Sensor (VS)

The VS is a forward-scatter meter device used to measure the clarity of the atmosphere and produce measurement results proportional to the extinction coefficient.  The VS will typically be installed adjacent to a runway at up to three positions along the length of the runway: touchdown (TD), midpoint (MP) and rollout (RO).

Although VS measurements are made at a specific spatial location, their measurements are used to represent the extinction coefficient over large volumes of space.  United States installation procedures permit a single sensor to provide RVR data for locations within 2,000 feet of the sensor.

3.1.2 Ambient Light Sensor (ALS)

The ALS is used to measure the brightness of the northern sky near the horizon, and provides the measurement as a background light component for the RVR product.  Normally ALSs will be installed in central locations relative to the airfield environment.  Only a single ALS is required for airports with only one visibility sensor.
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FIGURE 3-1 RVR System functional block diagram

3.2 Interface overview.

The OCT will evaluate commercial NDI production sensors with pre-existing interface capabilities.  The WTF Data Acquisition System (DAS) requires an RS-232 connection for communication with the sensors under test and any hardware and software tools necessary to conduct the specified data collection and performance tests (see section 4).

4. Test Program Description

4.1 Approach and concept

VS and ALS requirements defined in the FAA-E-2772A will be verified through a series of tests grouped into the test categories listed in Table 4-1.  Each category is associated with a group of related requirements and has one or more specialized tests designed to verify those requirements. Refer to 4.5 for a description of individual tests.

	TABLE 4-1 Test categories

	Category Description
	Category ID
	Verification

	Performance requirements
	A
	Will be approximately verified by operating the sensors for 6 months and recording the sensor messages/ parameters along with data from reference transmissometer measurements. The evaluation will be based on the natural occurrence of fog and snow events.

	Window requirements using active tests
	B
	Will be verified by directly contaminating sensor windows and observing the effect on sensor measurements.

	Maintenance requirements
	C
	Will be verified during initial calibration and periodic maintenance activities.

	Requirements based on analysis
	D
	Will be verified by analysis of information provided by Vendor.


4.1.1 Evaluation approach

Using data recorded for approximately six months, the VS accuracy in measuring fog and snow will be assessed by comparison of extinction coefficients with similar data from reference transmissometers obtained under homogeneous conditions.  Homogeneity will be determined through comparisons of data between two crossed transmissometers.  Precipitation will be identified using a present weather sensor.  The reference transmissometers will be recalibrated automatically whenever the visibility is above 20 miles, as determined by a high-quality forward-scatter meter not under test.  Wind speed and direction will be determined using an anemometer.  Comparing measurements from the three VS units will assess the Vendors VS unit-to-unit consistency.  VS offsets will be assessed by measuring sensor response under high visibility conditions and by blocking the windows.

The effects of window contamination or snow clogging on sensor performance will be assessed by artificially applying salt-water mist, water droplets, dust and snow to the sensor windows.  For the ALS, the affected sensor will be compared to the other ALS, which will be pointed at the same patch of sky.  For the VS, a calibration device will be installed to provide a stable scattered signal.  If this procedure is not appropriate to the VS, Vendors must provide alternative test approaches to validate the related requirements for approval prior to initiating OCT.

Sensor drift will be assessed by tests at the end of each preventive maintenance period (minimum of 90 days).

Many sensor requirements can be only partially validated through testing during OCT because of the limited number of sensor units, the limited number of test days and the limited environmental conditions experienced on test days. As a result, several sensor requirements have been identified in Category D type tests in the OCT VRTM.  Category D tests require that the sensor vendor provide information in the Technical Proposal on the design, manufacturing process and/or performance of the proposed sensor(s) to support Category D test evaluations during OCT.  

The tests defined in this plan are designed for generic sensors. Vendors are expected to review all tests and identify test issues that might compromise test results because of the nature of a particular sensor.  For example, a sophisticated window contamination algorithm might require several minutes to develop a valid window loss correction.  Sufficient delay would have to be incorporated into the artificial window contamination test (B-01), where contamination is generated more quickly than during normal operations, to permit the sensor to respond correctly. The Vendor shall provide information about any such test issues as part of Advance Technical Data outlined in the SIR.  As stated in the SIR, all information received from the Vendor shall be provided on media compatible with MS Office 2000 format.  Refer also to the Advance Technical Data Checklist, Appendix C, for a list of the data to be delivered to the FAA.  

4.1.2 Critical operational issues/test requirement summary

The Vendors VS and ALS devices will be evaluated against the specific requirements of FAA-E-2772A as identified in the OCT Verification Requirements Traceability Matrix (VRTM) PC-based RVR, Appendix B.  The testing will validate that performance requirements are met using Inspection, Demonstration, and Test.  The test report will also include validation by Analysis, which will be based on documentation provided by the Vendor in the Technical Proposal.

The following describes the four methods used to measure the sensor test items’ compliance to the requirements contained in FAA-E-2772A.  The four verification methods, listed in decreasing order of complexity, are described in the following paragraphs.

(a) Test - a method of verification wherein performance is measured during or after the controlled application of functional and/or environmental stimuli.  Quantitative measurements are analyzed to determine the degree of compliance.  The process uses laboratory equipment, procedures, items, and services.

(b) Demonstration - a method of verification where qualitative determination of properties is made for an end item, including the use of technical data and documentation.  The items being verified are observed, but not quantitatively measured, in a dynamic state.

(c) Analysis - a method of verification that consists of comparing hardware design with known scientific and technical principles, procedures and practices to estimate the capability of the proposed design to meet the mission and system requirements.

(d) Inspection - a method of verification to determine compliance without the use of special laboratory appliances, procedures, or services, and consists of a non-destructive static-state examination of the hardware, the technical data and documentation.

4.1.2.1 Visibility Sensor (VS)

VS accuracy validation will use extinction coefficient measurements derived from accepted US transmissometers as a reference standard.  VS tests will make use of Vendor-supplied calibration devices to provide a stable scattered signal so that window issues can be studied.  Vendors with VS designs that cannot measure their calibration devices under normal operating mode, or have unusual operating modes to deal with window issues, must provide alternative test approaches to validate the related requirements for approval prior to initiating OCT.

4.1.2.2 Ambient Light Sensor (ALS)

The two ALS units will be aimed at the same patch of sky and tested to assess impacts of window contamination or clogging on ALS performance.  The absolute accuracy of the ALS will not be evaluated.

4.1.2.3 Common tests

Window contamination effects will be studied by spraying various contaminants, including seawater mist, dust and water droplets onto the sensor windows.  Testing will include blowing natural and/or artificial snow onto sensor windows to induce snow clogging.

4.1.3 Performance thresholds

The performance thresholds for the various sensor parameters are defined in the VRTM in Appendix B.

4.2 Pretest activities

Specific activities leading to OCT include: receipt of equipment from the Vendors; installation and operational verification of test items; test item configuration audit; and test personnel training.  The list of pretest activities is as follows:

(a) Receipt of equipment (test items), material, and any required supporting documentation from the Vendors,

(b) Installation, calibration and operational verification of test items,

(c) Test item configuration audit, and

(d) Test personnel training.

After these pretest activities are completed, Vendor personnel will only have access to the test site upon approval of the FAA Contracting Officer (CO) or RVR Program Manager.  The following provides detailed requirements of the required vendor activities leading to the OCT.

4.2.1 Test items required

4.2.1.1 Visibility Sensor (VS)

The Vendors shall provide three (3) VS sensor units and three calibration devices for the OCT.  Vendors shall provide any sensor-specific equipment necessary to install their sensor on the aluminum poles as identified in 4.3.1.  A fourth VS may be provided as an on-site spare.  If provided, the spare sensor will be included in the test item audit (4.2.3).  

4.2.1.2 Ambient Light Sensor (ALS)

The Vendors shall provide two (2) ALS sensors and other sensor-specific equipment necessary to install each sensor.  The VS mounting poles may be utilized for this installation.  A third ALS may be provided as an on-site spare.  If provided, the spare sensor will be included in the test item audit (4.2.3).  

4.2.1.3 Required documentation

The Vendors shall provide Advance Technical Data, to include the installation, interface and maintenance information needed for test personnel to conduct OCT (see 5.9 and Appendix C), to the FAA as directed in the SIR.

Some OCT test requirements will be wholly or partially validated by analysis of technical documentation provided by the Vendor in the Technical Proposal.

4.2.1.4 Sensor Shipping/delivery instructions

All sensors and supporting materials shall be shipped f.o.b. destination for delivery to the address given below by the date specified in the PC-based RVR System solicitation.

Otis Weather Test Facility

Attention: RVR OCT [(508) 968-7100]

Bldg. 2410

Otis ANGB, MA 02542

4.2.2 Sensor installation and operational verification

The Vendors shall participate in the sensor installation and verify that sensors are correctly calibrated and site personnel understand their operation and related calibration procedures, and that sensor messages/data are correctly recorded by the DAS.

4.2.3 Test item configuration audit

The Vendors shall participate with WTF in conducting an audit of the sensors hardware and software configuration and an inventory of all materials shipped to the WTF.  A configuration audit report in contractor format shall be prepared, co-signed by the Vendor and Government Test Director and forwarded to the CO prior to initiating OCT.  A sample form for the configuration audit report is in the Configuration Audit Report, Appendix D.

4.2.4 Training

The Vendors shall provide necessary training to ensure WTF personnel understand: basic/ daily operation of the sensors; how to derive one-minute averages from the sensor messages; how to assess the validity of the sensor measurements; and how to detect sensor malfunctions.

4.3 Test environment

The OCT will be conducted at the WTF on Otis ANGB, Cape Cod, MA.  This location is subject to frequent fog and snow and operates reference transmissometers for comparison of visibility data with measurements by other sensors.

4.3.1 Test location

All visibility sensors at the WTF are mounted such that the scattering volume is at a nominal height of 10-ft in order to match the height of the transmissometer beams and to avoid measurement differences related to possible vertical variations in fog density.  Vendors shall accommodate the mounting of their VSs to a standard 2.75-inch (outside diameter), 10-ft high aluminum pole provided by the WTF (see FIGURE 4-1).  The pole will be cut to accommodate a sensor height (scattering volume) of 10 ft.

Visibility sensors will be installed near the crossing point of the two WTF reference transmissometers.  Each of the three installed VSs will be oriented in a different direction.  The first VS will be oriented in the direction of magnetic north with the other two VSs oriented to +60o and –60o from magnetic north.  Scattermeter receivers will be oriented to look in the most northerly direction for the three installations.

VS RS-232 serial messages will be transmitted to the DAS Building using a multiplexer that concentrates many serial ports into a pair of optical fibers.  The location of the VSs will be placed similarly relative to the location of the transmissometer beams so as to minimize any possible biases among groups of sensors from competing Vendors.  A sample layout for four sets of three VSs (denoted by different symbols) relative to the two reference transmissometer beams is illustrated in FIGURE 4-3.

[image: image9.png]


Each Vendor shall accommodate this layout by providing adequate cabling (minimum length of 50 ft of signal cable per sensor), for connection to their electronics supporting equipment.  Provisions for mounting this latter equipment will be available on 6-10 sturdy wooden frames (~3 x 4 ft area, with top 5 ft above ground) located near the sensors (see FIGURE 4-3). Standard alternating current (AC) commercial power, single phase, rated at 115 volts (v) 60 Hertz (Hz) will be available at each wooden frame.  The Vendor shall provide the means for connecting their equipment to a standard 3-prong convenience outlet; alternatively, the connection can consist of a standard power cord that can be connected to a power strip inside the electrical power box provided on each wooden frame as shown in FIGURE 4-2.


FIGURE 4-1 VS poles at WTF 

FIGURE 4-2 Mounting panel: RS-232 

interface (left) and power (right)
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FIGURE 4-3 WTF layout supporting four sets of VS test items

4.4 Test and analysis tools

4.4.1 Data Acquisition System (DAS)

Data collection will be accomplished using a DAS uniquely setup by the WTF to accommodate up to 32 RVR sensor test items.  The standard interface to the WTF DAS is via RS-232 serial ports located less than 200 feet from the sensor positions.  This cable length suggests a maximum Baud rate of 9600 to avoid transmission errors.

The DAS software can accommodate virtually any baud rate, message format and message rate. Multiple messages per minute (up to 30) can be accommodated.  The end of a message can be determined by unique end of message character or by a pause in transmitted characters (each port is checked every 0.2 seconds for new characters).  Note that sensor messages may include both VS and ALS data in the same message, if common interface electronics are used for the two sensors.

To accommodate DAS connectivity without the benefit of a data processing unit, Vendors may have to modify their standard method of sensor communication to be compatible with the WTF DAS.  The Vendor shall show that any such changes will not affect sensor performance.

4.4.1.1 Sensor message format

The sensor message must include sensor measurements and self-check information.  ASCII format is strongly preferred so that data validity can be readily assessed by direct reading of the message.  The Vendor shall provide the sensor message format, including maintenance information.  The Vendors must document the maintenance information in the sensor message to ensure that WTF test personnel can identify malfunctioning sensors.

4.4.1.2 Data collection

Data collection is governed by a configuration file that defines, for each serial port, the message length, number of messages per minute and method of determining the end of message.

4.4.1.3 Data storage

Messages from each sensor are logged in one-minute data blocks that are saved in daily data files.  To avoid data loss, the DAS software will store the recorded messages in two places: on the local hard drive and on a network drive.

4.4.1.4 Data processing

The sensor evaluation will be based on one-minute averages of extinction coefficient and background luminance values.  Each vendor shall provide two minutes of sample VS and ALS data messages with time tags and sensor measurements so that the Government can identify a data reduction algorithm for each vendor.  If possible, the sensor measurements should be highly variable so that accurate determination of the one-minute average is apparent.  

The goal of data reduction is to obtain a valid one-minute average of Vendor VS measurements that is synchronized to within (10 seconds with the reference transmissometer one-minute average.  Better synchronization is not needed because the 10% homogeneity requirement will assure a slowly varying extinction coefficient.  The data reduction software will be programmed to assess measurement validity and to extract the relevant parameters (including window contamination, if measured) from the sensor messages.  

The reference transmissometers are programmed to generate a one-minute average that ends approximately 8 seconds after the beginning of each minute.  It is anticipated that Vendor VS and ALS messages will arrive at a fixed rate of 4 to 30 per minute.  To meet the required update rate of no slower than every 15 seconds, the time between VS messages must be no greater than 15 seconds.  Thus, in the worst case of 15 seconds between messages, the first message of the minute will arrive within (8 seconds of the transmissometer average.  If running one-minute averages are calculated by the VS, then only the message closest in arrival time to the transmissometer average need be processed.  If the VS messages contain raw data, then the data reduction software must compute a one-minute average from many messages.

Based on the information and sample data provided by each Vendor, the Government will (a) define the algorithm that will be used for processing the sensor data into synchronized one-minute averages and (b) use the provided data to calculate a one-minute average that is most closely synchronized to the eighth second past the start of the second minute. The algorithm along with the calculated one-minute average will be provided to the Vendor within two weeks after receipt of the sample data.  

The Vendor shall verify the algorithm and calculated one-minute average. Vendor acceptance, or recommended corrections to the algorithm will be expected within two weeks after receiving the algorithm from the Government. 

4.4.2 Monitoring plan

4.4.2.1 Workday message review

At least once each workday the sensor messages will be reviewed for reception and error flags. Likewise, the operation of the DAS, communication links and sensor test items will be verified.  All failures will be repaired as quickly as possible.

4.4.2.2 Daily strip charts

Daily strip charts will be generated showing sensor measurements and window contamination (if monitored).  The strip charts will be reviewed for abnormal performance.

4.4.2.3 Monthly checks

During the tests the sensor performance will be checked monthly by measuring a calibration device in each visibility sensor, and by generating box plots for the fog or snow events that have occurred during the month (see 4.4.3.5).

4.4.2.4 Periodic maintenance

WTF personnel will perform Vendor recommended periodic maintenance procedures on the sensor test items every 90 days.

4.4.2.5 Sensor failure

When a sensor abnormality is detected, WTF personnel will recycle power and restart the sensor to attempt to rectify the problem.  If a problem persists, the Test Director, Program Manager and CO will be notified.  Vendor assistance in remedying problems will be subject to approval by the Program Manager and the CO.  An RVR Operational Capabilities Test Trouble Report (TR), Appendix A, will be generated for all sensor failures (see 5.8).

No sensors exchanges/replacements will occur except from spares, if provided, once OCT begins.

4.4.3 Data reduction and analysis (DR&A)

The general data analysis methods are described in this section. Detailed analysis methods are defined in Section 4.5.

4.4.3.1 Performance files

The daily message files will be processed to generate performance files (binary numbers) that contain the reference parameters and the parameters from the test sensors.  The data validity flags will be checked to determine data validity.  Separate performance files will be generated for each Vendor’s sensors in order to ensure the integrity of their respective data and enable independent comparison with reference transmissometer measurements.

4.4.3.2 Strip charts

Strip charts showing the day’s data will be generated from the performance files for all sensor parameters to verify data collection and sensor performance.  Figure 4-2 shows a sample strip chart, which shows:

(a) The two automatically calibrated reference transmissometers (T30C and T50C),

(b) The high-quality forward-scatter meter (HSB2),

(c) A NGRVR forward-scatter meter (TDN1) with transmitter (TWT1) and receiver (TWR1) window contamination signals, and 

(d) A NGRVR ALS (TALS) with window contamination signal (TALW).
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FIGURE 4-4 Sample strip chart

4.4.3.3 Spreadsheet analysis

The performance files will be processed to generate comma-separated-ASCII format files for selected parameters that can be imported into a spreadsheet program or other numerical tool for analysis.  Such files permit data from particular times or events (e.g., when a calibration device is being measured) to be processed through for averaging and other compilations.

4.4.3.4 Combined performance files

The performance files for many days are combined into a single file for subsequent analysis.

The reference transmissometer measurements in the combined file are automatically re-calibrated for 100% transmission whenever the visibility is above 20 miles, as determined by a WTF reference forward-scatter meter in close proximity to the sensor test items.

4.4.3.5 Box plots

A box plot will be used to assess visibility sensor performance over a long test period.  FIGURE 4-3 shows a sample box plot of VS extinction coefficient-based meteorological optical range (MOR) measurements compared with the average of two transmissometer-derived values that have met the test for homogeneity.

The header specifies the name of the file being evaluated, the sensors being compared, the averaging period (minutes), the test site, the test period, the homogeneity test, any corrections and the precipitation conditions (not included in this example).

The x-axis is the log to the base ten of the ratio of meteorological optical range (MOR = RVR from Koschmieder’s Law for viewing black objects) from the test sensor (HSB2) to the reference sensor (TAVE, the average extinction coefficient from the two crossed WTF transmissometers). The ratio scale runs from 0.5 (log = -0.3) to 2.0 (log = 0.3).

The y-axis is the log of MOR in meters from the reference sensors (TAVE): the value is the average of the values derived from the two reference transmissometers whose values meet the homogeneity tests for the comparisons. Each decade of MOR is broken up into 10 MOR bins, for which the distribution of the MOR ratio distribution is plotted.
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FIGURE 4-5 Sample box plot

The distributions labeled with “F” to the right are combined into the artificial bin labeled “FOG” at the bottom. In this case the FOG bin includes all the data (extinction coefficient > 3 km-1) to which the VS accuracy analysis applies. The two vertical lines show the (25% allowed extinction coefficient errors; 90% of the ratios must lie between the two lines. The percentage lying between the lines is listed at the left and the value for the “FOG” bin defines whether the sensor meets the test requirements. In this plot the test sensor is almost perfect (just 2 bins with 99% of the cases reside within the two lines).

The ratio distribution is plotted as: X = mean or 50th percentile; box (from which the plot is named) = 25th to 75th percentile; thick line = 5th to 95th percentile; and thin line = 2.5th to 97.5th percentile. The ratios for the percentiles of the “FOG” bin are listed at the bottom.

The first three columns to the right show the bin-by-bin-results of the homogeneity test. The final two columns to the right show the number of points lying outside the plot limits to the left and right, respectively. Within the MOR test range (i.e., the FOG bin), only 0.2% of the ratios can lie outside these limits. Note that only those data that meet the homogeneity test are included in the box plots.

4.5 Test descriptions

For the purpose of OCT, relevant “shall” requirements have been extracted from the PC-based RVR Performance Specification FAA-E-2772A VRTM and listed in Appendix B of this document.  In the following sections, particular performance specification requirements in Appendix B are denoted by PSnnn, with nnn = corresponding to the number of the shall in FAA-E-2772A.

4.5.1 A-01 VS accuracy

4.5.1.1 A-01 objectives

Assess compliance of VS with accuracy requirements (PS160, PS161, PS162, PS167, PS168), operating range (PS143), no significant blockage of scatter volume (PS134, PS135, PS136, PS137), and calibration (PS156) and geometry validity (PS157).

4.5.1.2 A-01 criteria

For extinction coefficient ( > 3 km-1 and 10% homogeneity conditions, at least 90% of extinction coefficient readings must agree with reference transmissometers and no more than 0.2% of readings can disagree by more than a factor of two (PS160, PS161, PS162, also PS134, PS135, PS136, PS137 and PS156, PS157).

The 15 %-standard-deviation requirement is tested at the 90 % confidence level; that is, 90 % of the one-minute-average readings of the scatter meter must agree to within ±25 % with the simultaneous one-minute-average readings of the reference transmissometer(s) (PS161).

Mean snow and fog response relative to the reference transmissometers must differ by less than 10% (PS167).

Mean fog response of the three VS units must differ by less than (7% (PS168).

Fog response must not vary significantly with wind direction; the mean response for a particular direction must not differ by more than 15% from the overall mean value for ( > 3 km-1 and 10% homogeneity conditions (PS136).

The operating range must be from 1.0 to 300 km-1 (PS143).

4.5.1.3 A-01 approach

Test data from 180 days will be utilized. Only valid sensor and reference transmissometer data will be included. A present weather sensor will be used to determine fog (defined as no precipitation) and snow conditions. The wind speed and direction will be determined from an anemometer located near the test sensors.

The maximum extinction coefficient during the 180 days of WTF testing is likely to be 50 to 100 km-1. Performance of the VS at the maximum extinction coefficient (300 km-1) will be evaluated from the sensor design in D-01. Because the densest WTF fog will not require the beam attenuation correction (PS144), it will be evaluated in D-06.

The WTF test will provide only limited data on unit-to-unit fog calibration consistency throughout the production life of the VS. The number of units is too small and not all production runs will be represented. The VS design and production information provided by the Vendor will be evaluated in D-02 to assess the risks of all VS units not meeting the consistency requirement.

4.5.1.4 A-01 data analysis methods

The data analysis methods described in 4.4.3.5 will be used. PS160, PS161, PS162, PS167 and PS168 can be assessed from box plots in the form of FIGURE 4-5.  PS168 will compare the VS units directly rather than comparing them to the reference transmissometers.  Note that compliance with PS161 and PS162 suggests that the scattering volume is representative of the free atmosphere (PS134, PS135, PS136 and PS137), that the calibration procedure is valid (PS156) and that the scattering geometry is valid (PS157).

PS136 will be examined explicitly using a box plot with wind direction (10-degree increments) replacing the MOR axis and including data points with wind speeds greater than 5 knots; only wind directions with more than 20 data points will be considered. 

It is highly unlikely that the upper range of PS143 can be evaluated at the WTF because of the improbable nature of such intense visibility impairment events occurring at this site.  However, if the 500-foot transmissometer is saturated because of high fog density
, the box plots will be regenerated using a shorter baseline reference transmissometer to assess VS performance at the maximum observed extinction coefficient. 

4.5.2 A-02 VS and ALS performance for selected events

4.5.2.1 A-02 objectives

This test will validate: (PS29, PS133, PS165, PS166, PS189) that the VS and ALS perform properly during snow events; (PS170) the VS maximum offset requirement; and (PS38, PS39, PS40) the adequacy of sensor self checks in forecasting and determining sensor failure.

4.5.2.2 A-02 criteria

Snow clogging should be rare (PS165) or not affect sensor performance (PS133).

Sensor must invalidate data when snow clogging affects measurement (PS136, PS166, PS189) keeping in mind the need to provide RVR products whenever possible (PS29).

VS offsets (PS170) must be less than 0.3 km-1.

Flags, generated from internal sensor self-checks (PS38), in the sensor data stream will identify when a sensor parameter is approaching its acceptable operating range limits (PS40) and/or is outside its operating range (PS39). 

4.5.2.3 A-02 approach

This test will make use of the daily strip charts used in sensor validation (4.4.3.2). The strip charts will be reviewed to identify:

(a) Snow events (using present weather sensor),

(b) High visibility events (( < 0.1 km-1 using high-quality forward-scatter meter not under test), and

(c) Sensor failures (by bad measurements or data flagged as bad and processed as missing).

Snow conditions at WTF are inconsistent from year to year and are typically not as severe as at some other locations where RVR systems will be installed. Test D-03 will examine Vendor data from more severe locations, if available.

Worst-case sensor offsets will likely not be observed during the WTF tests because of the short duration and small number of sensors involved.

4.5.2.4 A-02 data analysis methods

The snow events will be reviewed in detail by examining window contamination levels, wind direction and snow intensity for any signs of window clogging.  If clogging is observed, the response of the sensor to clogging will be assessed (PS29, PS133, PS165, PS166, PS189). 

The high visibility events will be reviewed in detail looking for valid VS ( values that are more than 0.3 km-1 higher than values measured with the high-quality forward-scatter meter (PS170).

Sensor failures will be examined to assess whether any soft alarms predicted the failure and whether any failures occurred without a hard alarm (PS38, PS39, PS40).

4.5.3 A-03 ALS performance

4.5.3.1 A-03 objectives

Assess operating range of ALS (PS186).

4.5.3.2 A-03 criteria

Operating range (PS186) must cover 0.5 to 10,000 FL.

4.5.3.3 A-03 approach

This test will make use of the daily strip charts used in sensor validation (4.4.3.2). The strip charts will be reviewed to identify day(s) with maximum observed background luminance. Plots should show no signs of saturation at a level below 10,000 FL.

4.5.3.4 A-03 data analysis methods

Scatter plots comparing the two ALS units will be generated. The two units should remain within 40% of each other over the range of applicability and show no signs of saturation below 10,000 fL.

Since the maximum sky brightness might not occur during the WTF test period, the ALS design will be analyzed for dynamic range in D-01.

4.5.4 B-01 window contamination tests

4.5.4.1 B-01 objectives

Assess the effectiveness of window contamination correction for VS (PS163, PS164) and ALS (PS188) units that make window contamination corrections.

4.5.4.2 B-01 criteria

Window contamination within the hard alarm limits set by the Vendor must not result in errors greater than 10% for the VS (PS163) and 20% for the ALS (PS188).

4.5.4.3 B-01 approach

The window contamination test will be done during periodic maintenance (i.e., beginning, middle or end of test) so that the windows can be cleared of all contaminants before normal data collection is restored. A single unit will be tested. Windows will be artificially and gradually contaminated (independent tests) with water droplets, salt water mist and dirt to the hard alarm level. The time duration of the test will be determined using the information provided by the Vendor so that all contamination algorithms have time to function properly.

For the VS a calibration device will be installed to give a stable scattered signal. For the ALS test, the other ALS will be pointed at the same point of sky to provide a reference value for the correct ALS reading.  The ALS test will be performed on a clear day to ensure stable sky brightness conditions.

The sensor data will be recorded normally during the test and transferred to a spreadsheet program for analysis. Multiple tests will be employed to improve the representative-ness of the observations.

4.5.4.4 B-01 data analysis methods

The sensor response after contamination will be compared to that before (for VS) or to the other sensor (ALS). The maximum errors before hard alarm will be compared to the sensor requirements.

4.5.5 B-02 snow clogging tests

4.5.5.1 B-02 objectives

The test will determine whether the VS (PS133, PS166) and ALS (PS189) respond properly (to snow clogging.

4.5.5.2 B-02 criteria

The sensor data must be invalidated (PS133, PS166, PS189) when a window is clogged. An alternative (PS133, PS166) is to change to another operating mode that is not affected by the snow clog.

4.5.5.3 B-02 approach

A portable snow blowing apparatus will be constructed to blow snow onto the sensor. The snow will be blown onto the sensor head in the horizontal direction. The temperature must be below freezing. The snow rate will be gradually increased until the window is clogged. The sensor response will be monitored using normal data collection procedures. The test will be repeated at different temperatures until clogging is achieved. Minute-by-minute observations will be noted during the test. Notes and photographs of the process will be taken to record the process and any clogging that occurs.

Only a single unit will be tested. Because of the temperature requirement, the test might not occur when periodic maintenance is conducted. In this case, the unit used for the snow test will be limited in its use for the 90-day calibration drift test.

4.5.5.4 B-02 data analysis methods

The recorded sensor self-check messages will be reviewed through the snow-clogging period and compared to the manual notes and photographs.

4.5.6 C-01 VS calibration test

4.5.6.1 C-01 objectives

Evaluate calibration device (PS145, PS146, PS148)

Validate VS calibration procedure (PS150, PS151, PS152). Can the maintenance data terminal (MDT) (PS149) be used?

Verify consistency of calibration for different calibration devices (PS169).

Verify VS geometry check device (PS158).

Verify ease of transportation and installation by one person (PS35). [will consider only VS and ALS]

Verify automatic recovery from loss of power (PS60).

Verify that VS is forward-scatter meter (PS132).

Verify 115 Volts Alternating Current (VAC) operation (PS174, PS197).

Verify ALS level (PS183).

4.5.6.2 C-01 criteria

Output data must be marked invalid during calibration (PS150).

VS computer must guide calibration process (PS151).

Procedure must prevent human errors and not allow sensor to be returned to service without completing validation process (PS152).

Calibration must not vary by more than (3% for different calibration devices (PS169).

If available, the geometry check device will be used to verify VS geometry (PS158).

PS146 and PS149 will be demonstrated in the calibration process.

PS 148 will be evaluated by inspection.

PS35, PS60, PS132, PS174, PS197 and PS183 will be demonstrated during installation.

4.5.6.3 C-01 approach

This test will be performed on all ALS and VS units during initial sensor installation. The calibration process and calibration device characteristics will be evaluated during VS initial calibration. After calibration of all VS units with one calibration device, all three-calibration devices will be measured in all three VS units. The measurement duration on each VS will be five minutes, and the exact times of each measurement will be recorded. If the calibration procedures are not appropriate to the VS, the alternative test approaches provided by the Vendor prior to OCT will be used.

The normal sensor output messages will be recorded during calibration and the times of calibration recorded, so that data invalidation during calibration (PS150) can be verified.

4.5.6.4 C-01 data analysis methods

The calibration data will be extracted, averaged using a spreadsheet, and then compared to evaluate the consistency requirement.  Sensor messages sent during calibration will be examined to assure that the measurement has been invalidated (PS150).

4.5.7 C-02 periodic maintenance

4.5.7.1 C-02 objectives

Assess adequacy of 90-day maintenance (PS53, PS57) for VS (PS163) and ALS (PS188).

Assess VS electronic offset (PS171).

Assess coverage of periodic maintenance (PS56) and that it can be done by one person (PS55).

4.5.7.2 C-02 criteria

ALS drift must be less than 20% in 90 days (PS189).

VS drift must be less than 10% in 90 days (PS163).

VS electronic offset must be less than 0.2 km-1 (PS171).

Periodic maintenance must assure sensor operation for the next 90 days (PS53, PS57), verify sensor calibration and operation (PS56), and be done by one person (PS55).

4.5.7.3 C-02 approach

The ALS and VS window contamination and associated soft and hard alarms will be monitored. The occurrence of a hard alarm before 90 days is nominally a failure in meeting the 90-day requirement. If a hard alarm occurs and the measured value is still
 reported, then the calibration will be checked to assess the measurement error. If it is still less than 20% for an ALS or 10% for a VS, the hard alarm limit is too restrictive and could be relaxed. The VS calibration is checked by measuring a calibration device. The ALS calibration is checked by comparison with the other ALS unit while both units aim at the same portion of the sky; the test is done under conditions of slowly varying sky brightness. If both ALS units are significantly contaminated, then the periodic maintenance procedure below will have to be performed. The occurrence of a failure within any 90-day maintenance period will be documented; contact with the Vendor on any such failures are subject to approval by the Program Manager or CO.

Before the start of each 90-day periodic maintenance period, the sensor calibrations will be checked before and after cleaning the windows. For the two ALSs, one unit will be checked, cleaned and rechecked and then the other unit will be checked, cleaned and rechecked. 

All measurements will last at least 5 minutes and the exact times will be logged.

Note that worst-case window contamination conditions will likely not occur at the WTF during OCT. Vendor window contamination data from more severe locations will be analyzed in D-03, if a Vendor provides the necessary data.

4.5.7.4 C-02 data analysis methods

The data analysis will make use of a spreadsheet to average the measurements over the test times. The analysis of the VS calibration device is straightforward; the ratio of measurement to the nominal calibrator reference measurement will determine the response error. The ALS comparison between the measurements from the two ALS units will require appropriate correction when the reference ALS is itself out of calibration.

4.5.8 D-01 design analysis

4.5.8.1 D-01 objectives

This test will verify that specific sensor design requirements are satisfied, including dynamic range (PS143 for VS, PS186 for ALS), lack of clipping (PS142 for VS, PS194 for ALS), measurement time (PS139 for VS, PS191 for ALS), and time constant (PS140 for VS, PS192 for ALS). The representative-ness of the VS measurement (PS134, PS135, PS136, and PS137) will be assessed.

4.5.8.2 D-01 criteria

The upper limits on the dynamic range (300 km-1 for VS in PS143 and 10,000FL for ALS in PS186) probably will not be reached in the Otis test and hence must be verified by analysis of the design. 

No signal clipping is permitted (PS142, PS194).

The sensor must be in measurement mode at least 75% of the time (PS139, PS191).

Only 10% of the data included in a one-minute average can come from the prior minute (PS140, PS192).

The VS representative-ness requirements (PS134, PS135, PS136 and PS137) are qualitative.  A significant problem (i.e., factor of two error) might not appear on the overall analysis of 180 days of data if the conditions leading to the problem are rare (e.g., wrong wind direction).  If inspection suggests conditions where the measurement might not be representative, then data taken under those conditions (e.g., low wind for scatter volume heating) will be examined in detail; a mean error of more than 15% under the specified conditions will be considered a failure.

4.5.8.3 D-01 approach

Sensor design information and supporting data provided in the Technical Proposal will be analyzed to verify that the design of the VS and ALS meets the criteria provided in Sect. 4.5.8.2 for each of the requirements evaluated during this analysis test.  In addition, FAA personnel will physically examine the sensors for significant features and potential problems.

4.5.8.4 D-01 data analysis methods

If the review of the data and/or the examination of the sensor reveal a potential problem, a box plot analysis with specially selected data will be used to evaluate the objectives in question.

4.5.9 D-02 VS geometry

4.5.9.1 D-02 objectives

This test will verify that the VS geometry can be verified in the field (PS158) and that the geometry is well enough controlled in manufacturing processes that the unit-to-unit variation in calibration will meet the RVR specification (PS168) throughout the production run.  Note that these requirements are particularly difficult to verify and took substantial computer modeling for the NGRVR VS sensor.

4.5.9.2 D-02 criteria

This test will be considered successful if the Vendor’s VS design permits accurate measurement of visibility for all production units ((7% unit-to-unit consistency from PS168) and throughout the sensor lifetime by verifying sensor geometry in the field (PS158).  The field geometry check will detect scattering geometry changes that will make a VS unit fail the (7% unit-to-unit consistency requirement.

4.5.9.3 D-02 approach

Unit-to-unit variations in fog calibration are introduced by differences in the scattering properties of fog and the calibration.  The sensitivity of fog calibration to variations in scattering geometry depends upon these differences.  Manufacturing tolerances must control the scattering geometry well enough that the unit-to-unit variations in fog calibration are less than (7%.  Likewise, the device for checking the geometry in the field must detect changes in scattering geometry that will lead to calibration errors greater than (7%.  The consistency of VS fog calibration depends upon two questions:

How do variations in scattering geometry affect the ratio of scattering from fog to that from the calibration device?  A good scatter meter design will minimize the effect of scattering geometry on this ratio.

How much variation in scattering geometry occurs during sensor production?  Note that the purpose of the field alignment check device is to detect significant variations in scattering geometry after the sensor leaves the factory.

Sensor design information and supporting data provided in the Technical Proposal will be analyzed to verify: how dependent the difference in scattering from fog and from the calibration device depends on the scattering geometry; how well manufacturing processes control the scattering geometry; how the unit-to-unit calibration consistency is kept within the +7% requirement; and how the geometry checking device detects geometry changes that lead to calibration errors greater than +7%.

Note that the NGRVR VS calibration consistency was validated by measuring the scattering geometry for each unit and using a computer model to calculate variations in fog calibration.  Such a model can also be used to validate a sensor field alignment check device. This method is not required for the PC based RVR VS but is presented as an indication of the difficulty in assuring that a VS meets the (7% consistency requirement.  The ideal is to devise a calibration device that gives scattering equivalent to fog for a wide band of scattering geometries. 

4.5.9.4 D-02 data analysis methods

There are no special data analysis procedures required for this test.  FAA personnel will evaluate the information provided by the Vendor.

4.5.10 D-03 performance data under severe weather conditions

4.5.10.1 D-03 objectives

This test will supplement the 180 days of testing at the Otis WTF with additional data collected under severe snow and window contamination conditions to validate the snow clogging requirements (PS133, PS165, PS166, PS188) and window contamination requirements (PS163, PS189).

4.5.10.2 D-03 criteria

Snow clogging should be rare (PS165) or not affect sensor performance (PS133).

Sensor must invalidate data when snow clogging affects measurement (PS133, PS166, PS188) keeping in mind the need to provide RVR products whenever possible (PS29).

ALS drift must be less than 20% in 90 days (PS189).

VS drift must be less than 10% in 90 days (PS163).

4.5.10.3 D-03 approach

Many of the OCT tests will be limited by the occurrence of specific weather conditions at the Otis WTF during the 180 days of testing.  Therefore, test data provided in the Technical Proposal will also be analyzed to verify how the VS and ALS perform under severe weather events (i.e., heavy and/or blowing snow) and locations prone to rapid window contamination. (e.g., ocean coastal sites and poor air quality sites).  The analysis of this data will augment other tests conducted during the OCT.

4.5.10.4 D-03 data analysis methods

There are no special data analysis procedures required for this test. FAA personnel will evaluate the information provided by the Vendor.

4.5.11 D-04 calibrations

4.5.11.1 D-04 objectives

Evaluate the factory calibration process for the VS (PS145, PS146) and ALS (PS187).

4.5.11.2 D-04 criteria

The process for assigning extinction coefficient values to calibration devices (PS145) must use a minimum number of steps and take care that errors do not accumulate.  The absolute VS sensor calibration will not be evaluated at Otis because the FAA will use Otis data to provide the ultimate VS calibration used for FAA RVR systems. 

The ALS calibration procedure shall meet the (20% accuracy requirement (PS187).

4.5.11.3 D-04 approach

Calibration traceability information provided in the Technical Proposal will be analyzed to verify: that the process for assigning extinction coefficient values to VS calibration devices use a minimum number of steps; that the process does not allow errors to accumulate; and that the ALS calibration is traceable to a standards laboratory.

4.5.11.4 D-04 data analysis methods

There are no special data analysis procedures required for this test.  FAA personnel will evaluate the information provided by the Vendor.

4.5.12 D-05 self-checks

4.5.12.1 D-05 objectives

Evaluate the self-checks (PS38, PS39, PS40) for the VS and ALS.

4.5.12.2 D-05 criteria

All parameters affecting sensor performance will be checked.

4.5.12.3 D-05 approach

VS and ALS self check information provided in the Technical Proposal will be analyzed to verify the validity and completeness of each check.

4.5.12.4 D-05 data analysis methods

There are no special data analysis procedures required for this test.  FAA personnel will evaluate the information provided by the Vendor.

4.5.13 D-06 processing algorithms

4.5.13.1 D-06 objectives

Evaluate the processing algorithms for (PS144) correcting VS beam attenuation and (PS29) dealing with environmental degradation without losing RVR product.

4.5.13.2 D-06 criteria

Algorithms must be justified.

All parameters affecting sensor performance will be checked.

4.5.13.3 D-06 approach

The Vendors shall supply documentation about VS and ALS processing algorithms and how they were validated. FAA personnel will evaluate the algorithms and validation process.

4.5.13.4 D-06 data analysis methods

There are no special data analysis procedures required for this test. FAA personnel will evaluate the information provided by the Vendor.

5. Test Management

5.1 Test management organization

The RVR Program Manager and CO at FAA Headquarters will manage the OCT as part of a competitive procurement of the PC-based RVR System.  The designated Test Director for testing of all RVR Systems and components is the Weather Processors and Sensors Group, ACB-630, at the WJHTC.  The Test Director is supported by the VNTSC for field-testing of RVR sensors.

5.1.1 Roles and responsibilities

5.1.1.1 FAA Headquarters

The AND-740 Program Office responsibilities include:

(a) Provide program management.

(b) Release the Screening Information Request (SIR) for a competitive procurement of the PC-based RVR System.

5.1.1.2 William J. Hughes Technical Center (WJHTC)

WJHTC responsibilities include:

(a) Develop the OCT plan;

(b) Coordinate with the VNTSC in the installation and testing of the VSs and ALSs;

(c) Consult on matters related to the PC-based RVR Performance Specification;

(d) Review results of the tests; and

(e) Incorporate results in appropriate phases of the tests of the PC-based RVR that will be selected for procurement by the FAA.

5.1.1.3 Volpe National Transportation Systems Center (VNTSC)

The VNTSC is responsible for the conduct of the OCT performed on the VSs and the ALSs provided by the Vendors.  The VNTSC responsibilities include:

(a) Prepare the WTF for the installation of sensors, acquisition of supporting data and operation of the DAS;

(b) Support the WJHTC in the development of this OCT plan;

(c) Coordinate with the Vendors in the installation of the sensors and the interfacing with the WTF data acquisition system;

(d) Coordinate with the Vendors to arrange any necessary repairs;

(e) Develop and maintain Sensor Test procedures;

(f) Conduct the Sensor Test, including the performance of data reduction and analysis;

(g) Maintain the data acquisition system;

(h) Write applicable trouble reports;

(i) Teardown, pack-up and return shipment of test items; and

(j) Develop the test report.

Note that all coordination and other contacts with Vendors are subject to review and approval of the Program Manager or CO.

5.1.1.4 RVR Vendor

The Vendor responsibilities include:

(a) Delivery of pre-installation documentation/manuals that provides clear understanding of sensor output data formats, samples of data, interpretation of self checks and failure determination, and test issues alternative test methods (if applicable) to the CO;

(b) Delivery of three (3) VS units and two (2) ALS units and spares as described in 4.2.1.1 and 4.2.1.2, that can operate in conjunction with the WTF DAS;

(c) Providing all hardware for mounting sensors and electronics enclosures to poles and panels provided;

(d) Participating with WTF personnel for four (4) days (estimated), assisting in sensor test site installation and operational verification that includes:

· Verifying that all equipment is operating satisfactorily;

· Verifying that sensor messages are correctly received by WTF DAS;

· Providing required training for test personnel (see 5.2.1);

(e) Responding to/resolving sensor trouble reports and providing technical analysis for the Trouble Report, Appendix A;

(f) Assisting in the teardown, pack-up; and 

(g) Return shipment of test items.

5.1.2 Other participating organizations

No other organizations have been identified at this time.

5.1.3 Operational Test (OT) working group

An OT working group has not been established at this time.

5.1.4 Test conduct team

The operation of the WTF RVR-related activities is under the direction of a senior Electronics Engineer, assisted by an expert in visibility sensing and RVR-related technologies.  A test engineer and a field technician are also engaged at the WTF to operate the facility on a daily basis.

5.2 Training

5.2.1 Test developer training

During WTF installation, the Vendor shall provide training and sufficient technical documentation for WTF personnel to know how to: 

(a) Assess when sensor data are valid;

(b) Interpret sensor self-check errors;

(c) Extract sensor measurement data to provide valid 60-second averages of sensor measurements; and 

(d) Perform any other tasks necessary to ensure proper operation of the sensors.

5.2.2 Test participant training

No special test training is contemplated.

5.2.3 Special training requirements

The participants in the conduct of this OCT have sufficient education, training and experience to conduct the tests contemplated.  Provisions are included in 5.2.1 for special instructions on specific features of Vendor test items.

5.3 System configuration management

5.3.1 Test-bed configuration

The WTF will provide configuration data of the test-bed equipment to be used during OCT.  The data must identify the version of software and equipment used in supporting OCT.

5.3.2 Sensor (test item) configuration

Vendors shall provide configuration data (sheets) with each sensor test item.  The data sheet must identify the version of software/firmware running in or supporting the sensor.

5.3.3 Test configuration audit

The WTF personnel will conduct a configuration audit and inventory of the test-bed and sensor test items prior to initiating the OCT.  The audit will be used to baseline the sensor test items performance during OCT.

Once OCT begins, if a sensor fails, it may only be replaced by the spare provided by the Vendor.  The request for parts changes and/or repair will be submitted as part of a Trouble Report (see 5.8).  If approved, the WTF personnel will supervise the Vendor in:

(a) Making the parts change (or repair);

(b) Documenting the parts change in the TR; and

(c) Providing the configuration change amendment to the audit report.

5.4 OCT entry criteria

For OCT to begin, all sensors must have been received, installed, checked out as operationally ready, and configuration audited.  The WTF personnel will notify the Test Director when all sensors are prepared for testing.  Testing for all sensor test items will begin on the same day.

5.5 OCT execution

The OCT will run at the WTF for six months in order to capture the sensors performance during varying weather conditions including fog and snow.

5.5.1 Pre-test briefings

One pre-test briefing will take place prior to the commencement of OCT.  The purpose of the briefing will be to ensure that all test personnel are aware of the goals of the tests and familiar with the procedures involved in their performance.  Key issues will include: scheduling; reporting protocols; documentation of events; and DAS and sensor operational integrity checks.

The Pre-OCT briefing will be attended by representatives from FAA Headquarters, WJHTC, VNTSC and WTF.  The Test Director will conduct the meeting at the WTF.

5.5.2 Continuing activities

Data from all sensors and the transmissometers will be monitored daily during workdays. Sensor and DAS failures will be identified.  Preliminary performance analyses will be conducted monthly to assess the accumulated amount of usable fog and snow data recorded and to obtain an assessment of possible sensor noncompliance as soon as possible.

5.5.3 Post-test briefings

One post-test briefing will take place at the completion of OCT.  The purpose of the briefing will be to provide a summary of tests conducted and data collected.

The Post-test briefing will be attended by representatives from FAA Headquarters, WJHTC, VNTSC and WTF.  The Test Director will conduct the meeting at the WTF.

5.5.4 Criteria for proceeding with a test

Category A and C tests will commence when the Vendor has certified the sensor installation and interface to the DAS and has completed instruction of WTF personnel.

Category B tests, such as window contamination and snow clogging will be preceded by dry runs using NGRVR sensors to minimize the possibility of problems occurring during these tests.

Special Vendor-defined tests will be substituted for standard tests that are not appropriate or are insufficient because of unique sensor designs or operating modes.  Vendors must document the reasons for such tests, define the methods and procedures for such tests, and instruct WTF personnel how to conduct the tests during their site visit.  These steps must be completed before OCT begins.

5.6 OCT exit criteria

The duration of the OCT test is 180 days, the time for two 90-day maintenance periods.

5.7 Test reports

The following OCT reports are required.  All correspondence drafted under this test, to include test personnel notes, is considered competition sensitive and is restricted from distribution without prior approval of the CO.

The original logs of all data and copies of the electronic data will be retained by the WTF, until completion of the report and will be forwarded to FAA Headquarters upon receipt and acceptance of the OCT Report by the CO.

5.7.1 Weekly report

A weekly report from the WTF to the Test Director will document the status of all sensors under test and any Trouble Reports.

5.7.2 Monthly report

A monthly report from the WTF to the Test Director will document the amount of snow and fog experienced, and provide preliminary sensor performance analyses of the data to date.

5.7.3 Final test report

The Test Director will prepare a final report on each vendor for submission to the Program Manager and Contracting Officer not later than 30 days after completion of the OCT test period.  

The report will be formatted and contain the technical data/analyses as outlined in Appendix C-3 of the Acquisition Management System Test & Evaluation Process Guidelines.

The report will be formatted and contain the technical data/analyses as outlined in Appendix C-3 of the Acquisition Management System Test & Evaluation Process Guidelines.  In support of source selection the Technical Evaluation Team will: review test results; provide the individual test discussions and conclusions; provide the summary conclusion for OCT; and recommendations (see paragraph 4, 5, and 6 of Appendix C-3, Acquisition Management System Test & Evaluation Process Guidelines).

5.8 Trouble Reports (TR)

An RVR Operational Capabilities Test TR, Appendix A, will be initiated when a test reveals that a requirement cannot be verified or when a sensor fails.  The Test Director, as a result of a trouble report, may request a Vendor to make repairs.

When a sensor abnormality is detected, WTF personnel will recycle power and attempt to restart the sensor to rectify the problem.  If a problem persists, the Test Director, Program Manager and CO will be notified.  Vendor assistance in remedying problems will be subject to approval by the Program Manager and the CO.  If Vendor assistance is required, the Vendors shall provide failure analysis information for or to supplement data in the TR.

The WTF will maintain a log of all TRs and their status.

5.9 OCT schedule

The following schedule provides guidance for planning OCT activities at the WTF.  The OCT schedule outlined below is based on four Vendors.  If more vendors participate then the schedule will be extended prior to beginning the test to accommodate the installations.  Numbers represent estimated calendar days ± from the scheduled date of release of the SIR.  Required schedules/dates are in the SIR.

	T
	SIR Released

	T+30
	Delivery of Advance Technical Data (Refer to Appendix C).

	T+44
	Sensor measurement processing algorithm and sample 1-minute average provided to the vendors. 

	T+45
	Delivery of sensor hardware to WTF.

	T+46 to T+74
	Installation of sensor hardware and configuration audit (approximately 4 days per vendor).

	T+59
	Vendor Acceptance of sensor measurement processing algorithm, or recommended changes.

	T+75
	Testing begins

	T+255
	Testing concludes


5.10 Personnel resource requirements

See 5.1.

5.11 Planning considerations and limitations

The monitoring of VS and transmissometer measurements at the WTF has been ongoing for many years.  Thus, no major factors to prevent achievement of OCT are contemplated.

Weather, or the lack there of, may result in insufficient test data for evaluating some of the OCT verification requirements.
6. Acronyms.

	AC
	Alternating current

	ALS
	Ambient Light Sensor

	ANGB
	Air National Guard Base

	ASOS
	Automated Surface Observing System

	ATCT
	Airport Traffic Control Tower

	AWSS
	Automated Weather Sensor s System

	CD
	Controller Display

	CDM
	Collaborative Decision Making

	DAS
	Data Acquisition System

	DPU
	Data Processing Unit

	ETMS
	Enhance Traffic Management System

	FAA
	Federal Aviation Administration

	Hz
	Hertz

	MDT
	Maintenance Data Terminal

	MOR
	Meteorological Optical Range

	MP
	Midpoint

	NAS
	National Airspace System

	NDI
	Non-developmental Items

	NGRVR
	New Generation Runway Visual Range

	NIMS
	NAS Infrastructure Management System

	OCT
	Operational Capability Test

	PS
	Performance Specification

	RLIM
	Runway Light Intensity Monitor

	RO
	Rollout

	RVR
	Runway Visual Range

	SIE
	Sensor Interface Electronics

	SIR
	Screening Information Request

	TD
	Touchdown

	TR
	Trouble Report

	TRACON
	Terminal Radar Approach Control

	VAC
	Volts Alternating Current

	VNTSC
	Volpe National Transportation Systems Center

	VRTM
	Verification Requirements Traceability Matrix

	VS
	Visibility Sensor

	WJHTC
	William J. Hughes Technical Center

	WTF
	Weather Test Facility


Appendix A. RVR Operational Capabilities Test Trouble Report
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	Appendix B. OCT Verification Requirements Traceability Matrix PC-based RVR

	FAA-E-2772A Requirements (see note at end of matrix)
	OCT

	PS #
	Para. #
	Description
	Verification Methods 
	Test ID

	29 
	3.2.1.5
	If the RVR system performance is degraded by environmental factors, such as excessive sensor window contamination, the RVR product shall[ps29] continue to be output, provided that the reported RVR is not greater than the actual RVR.
	Analysis
	D-06

	35
	3.2.2.1.1.2
	The RVR System components shall[ps35] be transportable by one Maintenance Specialist, contain a minimum number of subsystems to meet the RVR System requirements and be easy to install.
	Demonstrate/

Inspect
	C-01

	38
	3.2.2.1.1.3
	Self-checks shall[ps38] be used to validate the system measurements and to determine when maintenance is required.   
	Demonstrate/

Analysis
	A-02

D-05

	39 
	3.2.2.1.1.3
	Hard alarms shall[ps39] be generated whenever a parameter is found to be outside acceptable operation limits.  
	Demonstrate/ Test/Analysis
	A-02

D-05

	40 
	3.2.2.1.1.3
	A soft alarm shall[ps40] be generated whenever a parameter is approaching the limit for acceptable operation.
	Demonstrate/ Test/Analysis
	A-02

D-05

	53
	3.2.2.1.1.4
	Periodic maintenance on the RVR sensors, at the sensor(s) location, shall[ps53] not be required more often than once every 90 days.  
	Test
	C-02

	55
	3.2.2.1.1.4
	The periodic maintenance tasks for the sensors shall[ps55] require the services of only one person.  
	Demonstrate
	C-02

	56
	3.2.2.1.1.4
	During the periodic maintenance visits, the calibration and operation of each sensor and the system shall[ps56] be verified.  
	Demonstrate
	C-02

	57
	3.2.2.1.1.4
	The procedures and the required frequency of calibration shall[ps57] be defined by the contractor, keeping in mind that sensor drift outside of the required specification limits constitutes a failure of the system.
	Test
	C-02

	60
	3.2.2.1.2
	All system components of an operationally capable system shall[ps60] recover automatically from the loss of power, the loss of an interface, loss of critical processes (any RVR System process), and processor lock up.
	Demonstrate
	C-01

	132
	3.2.2.3
	The VS shall[ps132] utilize forward-scatter meter technology that measures the clarity of the atmosphere and produces a signal proportional to the visible extinction coefficient.  
	Demonstrate
	C-01

	133
	3.2.2.3
	In particular, snow clogging of a VS optical window might lead to reported RVR values much higher than actual; such occurrences shall[ps133] be prevented or detected.
	Test/Analysis
	A-02

B-02

D-03

	134
	3.2.2.3
	The VS scattering volume shall[ps134] be representative of the ambient atmosphere.  
	Test/Inspect/

Analysis
	A-01

D-01

	135
	3.2.2.3
	The sensor heads and mounting structure shall[ps135] not significantly obstruct the free flow of fog or snow into the scatter volume.  
	Test/Inspect/

Analysis
	A-01

D-01

	136
	3.2.2.3
	The sensor heads and mounting structure shall[ps136] not provide a shadowing effect on the scatter volume.  
	Test/Inspect/

Analysis
	A-01

D-01

	137
	3.2.2.3
	Sources of heat from the sensor shall[ps137] not significantly warm the scatter volume or region around the VS (and hence affect the fog density in the scatter volume).
	Test/Inspect/

Analysis
	A-01

D-01

	139
	3.2.2.3.1
	The sensor shall[ps139] spend at least 75 % of the time measuring the extinction coefficient.  
	Analysis
	D-01

	140
	3.2.2.3.1
	No more than 10 % of the data in a particular one-minute average shall[ps140] come from the previous minute.
	Analysis
	D-01

	142
	3.2.2.3.1
	To assure a true signal average and to allow signal offsets and sensor noise to be detected, no signal clipping of VS measurement samples shall[ps142] be allowed.
	Analysis
	D-01

	143
	3.2.2.3.2
	To cover the full RVR range of 100 to 6,500 feet, the sensor measurement range shall[ps143] cover the range of 1.0 to 300 inverse kilometers (km-1) with a resolution of 0.01 km-1 or 1 % of the measurement, whichever is greater.
	Test/Analysis
	A-01

D--01

	144
	3.2.2.3.2
	The VS measurement shall[ps144] be corrected for atmospheric beam attenuation inside the sensor, which can affect measurements of the highest extinction coefficients.
	Analysis
	D-06

	145
	3.2.2.3.3
	The calibration of a VS shall[ps145] simulate the scattering from fog that is traceable to visibility measurements obtained from one or more reference transmissometers.
	Test/Analysis
	C-01

D-04

	146
	3.2.2.3.3.1
	Each calibration device shall[ps146] generate a scatter signal corresponding to a specific fog extinction coefficient.
	Demonstrate/

Analysis
	C-01

D-04

	148
	3.2.2.3.3.1
	The calibration device(s) shall[ps148] be durable and stable enough to assure reliable VS calibration over its lifetime of 20 years.
	Inspect
	C-01

	149
	3.2.2.3.3.2
	Communication with the VS during calibration shall[ps149] be via the MDT.
	Demonstrate/ Inspect
	C-01

	150
	3.2.2.3.3.2
	The RVR System shall[ps150] report all RVR products associated with a VS as invalid while the calibration/validation process is being conducted on that VS.
	Demonstrate
	C-01

	151
	3.2.2.3.3.2
	The computer/processor in the sensor shall[ps151] guide the calibration process and provide a progress indication of the calibration process to the maintenance person.  
	Demonstrate
	C-01

	152
	3.2.2.3.3.2
	The calibration process shall[ps152] include validation steps that preclude human error in order to avoid serious long-term measurement errors.
	Demonstrate/ Analysis
	C-01

	156
	3.2.2.3.3.2
	After calibration, the VS shall[ps156] meet the specified accuracy requirements over the entire measurement range of the VS.
	Test
	A-01

	157
	3.2.2.3.4
	The VS shall[ps157] be aligned so that it provides the physical geometry necessary to meet the accuracy specifications below (see 3.2.2.3.5).
	Test
	A-01

	158
	3.2.2.3.4
	A method shall[ps158] be provided to verify the alignment/misalignment of the VS scattering geometry, in its installed location, annually or as required.
	Demonstrate/ Analysis
	C-01

D-02

	160
	3.2.2.3.5.a
	Under homogeneous atmospheric conditions, scatter meter measurements shall[ps160] agree with those of a reference transmissometer to within 15 % (standard deviation) for ( (reference) > 3 km-1.
	Test
	A-01

	161
	3.2.2.3.5.a
	The 15 %-standard-deviation requirement is tested at the 90 % confidence level; that is, 90 % of the one-minute-average readings of the scatter meter shall[ps161] agree to within ±25 % with the simultaneous one-minute-average readings of the reference transmissometer(s).
	Test
	A-01

	162
	3.2.2.3.5.a
	Outliers (that is, more than a factor two difference) shall[ps162] not occur for more than 0.2 % of the measurements.
	Test
	A-01

	163
	3.2.2.3.5.b
	The fog response of the sensor shall[ps163] drift by no more than 10 % in 90 days.
	Test/Analysis
	B-01

C-02

D-03

	164
	3.2.2.3.5.b
	Window contamination correction shall[ps164] account for any differences in the effect of dirt and water droplets.
	Test/Analysis
	B-01

	165
	3.2.2.3.5.c
	Sensor design shall[ps165] provide valid measurements under virtually all snow conditions.
	Test/Analysis
	A-02

D-03

	166
	3.2.2.3.5.c
	Under conditions where snow clogging adversely affects sensor performance, the sensor shall[ps166] detect snow clogging and disable its output if a valid measurement cannot be made.
	Test/Analysis
	A-02

B-02

D-03

	167
	3.2.2.3.5.d
	The fog and snow response (relative to the extinction coefficient) of the sensor shall[ps167] agree to within 10 %.
	Test/Analysis
	A-01

	168
	3.2.2.3.5.e
	The unit-to-unit fog response shall[ps168] vary by no more than ± 7 % when calibrated by the same scattering device.
	Test/Analysis
	A-01

D-02

	169
	3.2.2.3.5.f
	The fog response of a sensor shall[ps169] vary by no more than ± 3 % when calibrated by different calibration devices.
	Test/Analysis
	C-01

	170
	3.2.2.3.5.g
	The sensor offset (clear day response) caused by self-scattering and/or electronic offset shall[ps170] be less than ± 0.3 km-1.
	Test/Analysis
	A-02

	171
	3.2.2.3.5.g
	The zero-light sensor offset (heads blocked) shall[ps171] be no greater than ± 0.2 km-1.
	Test/Analysis
	C-02

	174
	3.2.2.3.7
	The VS shall[ps174] use standard AC commercial power, single phase, rated at 115 V, (+ 15 %), 60 Hz (+ 3 Hz).
	Demonstrate
	C-01

	183
	3.2.2.4
	The ALS shall[ps183] include a level to facilitate the correct installation angle.
	Inspect
	C-01

	186
	3.2.2.4
	The ALS shall[ps186] measure from 0.5 to 10,000 fL, with a resolution of 0.5 fL or 5 % of the measurement, whichever is greater.
	Test/Analysis
	A-03

D-01

	187
	3.2.2.4
	The accuracy of the ALS measurement at or above 2 fL shall[ps187] be ± 20 %.
	Analysis
	D-04

	188
	3.2.2.4
	Uncorrected ALS window losses shall[ps188] not exceed 20 % in 90 days.
	Test/Analysis
	B-01

C-02

D-03

	189
	3.2.2.4
	Snow clogging of the ALS will likely result in non-conservative (higher than actual) RVR values and shall[ps189] be prevented or detected.
	Test/Analysis
	A-02

B-02

D-03

	191
	3.2.2.4.1
	The sensor shall[ps191] spend at least 75 % of the time measuring the background luminance.
	Analysis
	D-01

	192
	3.2.2.4.1
	No more than 10 % of the data in a particular one-minute average shall[ps192] come from the previous minute.  
	Analysis
	D-01

	194
	3.2.2.4.1
	To assure a true signal average and to allow signal offsets and sensor noise to be detected, no signal clipping of ALS measurement samples shall[ps194] be allowed.
	Analysis
	D-01

	197
	3.2.2.4.3
	The ALS shall[ps197] use standard AC commercial power, single phase, rated at 115 V, (+ 15 %), 60 Hz (+ 3 Hz).
	Demonstrate
	A-03


NOTE:  The shaded rows identify the OCT Core Performance Specification Requirements (see 4.1.1 and 4.1.2)

	Appendix C. Advance Technical Data Check List

	#
	Title/Description of the Items to be Provided
	OCT Plan Para
	FAA Test Director Initials
	Vendor Rep Initials
	Remarks

	1 
	Installation, interface, and maintenance information needed for test personnel.  (Must include vendor-recommended periodic maintenance procedures).
	4.2.1.3, 4.4.2.4
	
	
	

	2 
	Sensor message formats including self-check data formats.
	4.4.1.1
	
	
	

	3 
	Two minutes of sample VS and ALS data messages with time tags and sensor measurements.
	4.4.1.4
	
	
	

	4 
	Window Contamination algorithm timing requirements.
	4.5.4.3
	
	
	

	5 
	"Alternative Test Approach Procedures" (optional)

-e.g. use of a special calibration device/procedure
	4.5.6.3
	
	
	

	6 
	Test Developer Training

-includes sufficient documentation
	5.2.1
	
	
	

	7 
	"Special Vendor-Defined Procedures" (optional)
	5.5.4
	
	
	


	Appendix D. Configuration Audit Report

	#
	Equipment Description
	Serial #
	Software Version
	Quantity
	Remarks
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� The path lengths of the Otis WTF transmissometers are 300 and 500 ft.


� If the measurement value is not reported, then the hard alarm limit will be increased or some other direction shall be provided by the Vendor to permit checking the calibration.
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