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1.0	INTRODUCTION





1.1	SCOPE OF SPECIFICATION





	This functional specification provides a description of Automated Surface Observing System (ASOS) Backup Equipment (ABE) and specifies the general and functional requirements applicable to the ABE system or subsystem.  This specification contains the sections described below.  Section 2.0 lists the Federal Aviation Administration (FAA), Department of Defense (DoD), other agency, and industry documents that are applicable to this procurement.  Section 3.0 provides a description and functional specification of the ABE system requirements.  Section 4.0 describes the workmanship for the ABE hardware requirements.





1.2	APPLICATION





	The function of the ABE system is to provide  accurate weather parameters to the end user in the event of a key  ASOS sensor failure.  The ABE system is intended to operate continuously in a standby mode and should the primary ASOS system be out of service., data from the ABE must be available within 30 minutes.   The key  parameters include wind speed, wind direction, temperature, dewpoint, and barometric pressure.  The ABE will operate as a stand-alone system independent  of the primary ASOS equipment.  As  a minimum, the ABE display must present all five required sensor parameters.  Communication from the sensor site to the display will be via free space transmission.  The ABE system will be permanently installed  with power  supplied from an essential power source (Uninterrupted Power Supply will not be utilized).  One display will be located in each Air Traffic Control Tower (ATCT)  cabinet at the supervisor’s station in Service A, B and C sites with  one additional display  required at the contract weather observer (CWO) space at Service Level A and B sites.  Data for the sensors will not be stored or recorded. 
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2.0	APPLICABLE DOCUMENTS





The following government documents on the release date of this specification, are applicable to the extent specified herein.








AC 70/7406-1H			Specification for Obstruction, Marking & Lighting





FAA Standards 019B		Lightning Protection, Grounding, Bonding & Shielding 


Requirements for Facilities (10/90)





FAA Standards 020B		Transient Protection, Grounding, Bonding & Shielding


					Requirements for Equipment (1992)





FAA-G-2100F			Electronic Equipment, General Requirements (11/93)





10 CFR 20				Code of Federal Regulations; Protection Standards


					Against Ionizing Radiation





QQ-S-571				Solder Tin Alloy: Tin-Lead Alloy: and Lead Alloy





MIL-STD-461C			Electromagnetic Interference Characteristics, 


					Measurement of





FCC					Rules and Regulations, Volume II
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3.0	SYSTEM REQUIREMENTS





3.1	INTRODUCTION





	This section presents the ABE’s functional requirements.  Included are the system characteristics in Section 3.2, which includes a system description of sensors and the requirements for operating environment, reliability, maintainability, and availability.  Section 3.3 presents the detailed functional requirements for each sensor.  ABE software  requirements are described in Section 3.4.  The contractor shall provide the ABE system, including sensors and peripherals to meet the requirements of Section 3.





3.2		SYSTEM CHARACTERISTICS





3.2.1		System Description





		This section provides a top level overview of the ABE and its intended operation.  The ABE system is characterized by having high reliability components, constructed entirely of commercial-off-the shelf (COTS) parts, immunity to induced or applied transients on signal and power lines, high availability, and the capability to display the required weather sensor data to the operators.  The ABE system will be  immune to power surges and failures and electromagnetic interference.  The ABE system requirements  call for a fixed site completely separate and stand-alone from the primary ASOS.





		Figure 3.1, ABE Top Level System Block Diagram, indicates the required configuration.   As defined in the block diagram, the ABE configuration is:





Wind speed sensor





Wind direction sensor





Temperature sensor





Dew Point sensor





(	Barometric sensor





(	Power Supply Unit (PSU)





(	Remote Data Processor Unit (RDPU)





(	Terminal Data Collector Unit (TDCU)





(	Transmitter/Receiver RF Link equipment





(	Display(s) equipment
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Figure 3.1    ABE Top Level System Block Diagram








		The sensors, RDPU, and Transmitter equipment will be located outdoors at a suitable and desirable location.  The TDCU will be located in an office environment. The required sensor parameters will be transmitted to the TDCU via free space utilizing contractor supplied radio link equipment.











3.2.2		Sensors





		The  ABE system shall be comprised of environmental sensors capable of measuring the required meteorological variables.  These sensors shall provide signal output representing the sensed weather element data via desirable conductors (hardwire or fiber optics) to the RDPU.





		The sensor types shall be selected by the contractor.  It shall be the contractor’s responsibility to demonstrate through a formal System Validation Test (SVT) program that the selected sensors meet the functional, environmental, reliability, maintainability, and availability criteria.  





		Section 3.3 contains the detailed performance requirements for the sensors.  The following are general requirements that apply to all sensors:





(	Sensors shall be interchangeable (i.e., they are not specifically designed for individual sites)





(	Sensor calibration adjustment to individual sites shall not be utilized, except for calibration constants such as specific site altitude setting for altimeter conversion.





(	Sensors shall be  capable of encoding the output signal.  RS-232, RS-422, or RS-485 ASCII ,or equivalent, is acceptable.





(	Sensors shall withstand the operational environment described in Section 3.2.3.





3.2.3		Operational Environment





		The ABE system shall be designed and fabricated to withstand the environmental conditions as defined in Table 3.1.   This includes the full range of indoor and outdoor environments encountered in the United States.  Operating  as the backup to the ASOS, the ABE system shall be designed to operate in those environments.   Because of the requirements to use interchangeable system components, the most severe operating environmental parameter shall prevail in determining equipment specification.  The sole exception is that of permitting the  selective use of a more sturdy wind mast, i.e., at locations prone to high winds and heavy icing.





		In addition, the ABE system shall survive shipment over long distances  via air and surface transport.  Thus, the ABE system shall be able to withstand shock and vibration encountered during handling and shipment.





		Table 3.1 lists the range of required outdoor, indoor, and transportation/ storage limits  that the system shall be able to withstand.  As part of the SVT, the 
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		Table 3.1	OUTDOOR ENVIRONMENTAL LIMITS


(Part 1 of 3)








ENVIRONMENTAL						OPERATIONAL LIMIT


CONDITION	








High Temperature						+55(C





Low Temperature						-55(C





Relative Humidity						5% to 100% RH





Wind									Up to 85 knots





Rain									Up to 3in/hr. 


									with 40 kts wind





Freezing Rain							Ice accretion to 0.5in/hr.


								


Hail									Up to 0.5in in diameter





Electromagnetic Interference					Exposure to airport


									environment (Para. 3.2.4.4)

















�
		Table 3.1	INDOOR ENVIRONMENTAL LIMITS


(Part 2 of 3)








ENVIRONMENTAL						OPERATIONAL LIMIT


CONDITION	








High Temperature						+40(C





Low Temperature						+5(C





Relative Humidity						5% to 90% RH (non-condensing)





Electromagnetic Interference					Exposure to airport


									environment (para 3.2.4.4)








�
		Table 3.1  TRANSPORTATION/STORAGE ENVIRONMENT


(Part 3 of 3)





ENVIRONMENTAL CONDITION				OPERATIONAL LIMIT











High Temperature							60(C





Low Temperature							-51.1(C





Humidity									to 100%RH @ 84(F


(28.9(C)





Rain										to 3in/hr. with 30 kts wind





Low Pressure								17.584in Hg (to 14,000 ft)





Vibration									Transit via common carrier


										3-5 Hz with acceleration of 


										1 G





Handling (Transit)							to 22in drop (crated)








���
contractor shall provide documentation of sensor compliance with the environmental specifications as well as the Reliability Requirements in Section 3.2.5.





3.2.4		General Performance Requirements





		The following paragraphs address  requirements which are applicable to the ABE system as a whole.





3.2.4.1	Input Power





		The ABE system will operate from a 120 Volts (( 10%), 60 Hz AC 


(( 5 Hz), single phase power source in accordance with the power factor, harmonic distortion and inrush current specifications in FAA-G-2100F.





3.2.4.2	Loss of Power





		The ABE system should return to normal operation without human intervention after a power outage.   When power is restored, the system shall not display  erroneous data.  All weather parameters shall achieve normal indications (or shall indicate “missing”) within 30 minutes.





3.2.4.3	Wind Sensor Tower





		If a tower is used for the wind sensor, daytime marking and nighttime lighting shall be provided in accordance with the guidelines set forth in AC 70/7460-1H, Specification for Obstruction Marking and Lighting.








(1)	It shall be lighted with a dual L-810 fixture placed within 5 feet of


			the top of the tower.  The two lamps on the L-810 shall be wired


			in parallel. 





		(2)	The wind sensor shall typically be mounted 30 to 33 feet above 


			ground level.  The sensors shall not exceed 33 feet unless


			obstruction or vegetation in the area make it necessary.


 


3.2.4.4	Electromagnetic Interference





		The ABE is to be designed to minimize susceptibility to Electromagnetic Interference (EMI) and to operate successfully in the complex electromagnetic environment of an airport.  Equipment radiated and conducted emissions requirements shall be in accordance with MIL-STD-461C.  Emissions and Susceptibility to electromagnetic interference shall be controlled such that the equipment complies with the requirements of MIL-STD-461C for the test methods listed below:





CE01 conducted Emissions, Power and Interconnecting Leads, Low Frequency (up to 15KHz).


CE03 Conducted Emissions, Power and Interconnecting Leads, Low Frequency (0.015 to 50 MHz).


CS01 Conducted Susceptibility, Power Leads, 30 Hz to 50 KHz.


CS02 Conducted Susceptibility, Power and Interconnecting Control Leads, 0.05 to 400 MHz.


CS06 Conductive Susceptibility, Spikes, Power Leads.


RE01 Radiated Emissions, Magnetic Field, 0.03 to 50 KHz.


RS01 Radiated Susceptibility, Magnetic Field 0.03 to 50 KHz.


RS03 Radiated Susceptibility, Electric Field, 14 KHz to 3 GHz only and at 10 Volts/Meter.





3.2.4.5	Transient and Lightning Protection





		The ABE system shall be protected against damage or operational interruptions due to lightning-induced surges on all sensor input lines, sensor supply lines, and incoming power and  communications lines.  Equipment and personnel shall be protected from lightning currents and voltages, from power line transients and surges, and from other electromagnetic fields and charges.   The lightning protection as a minimum shall be designed in accordance with FAA Standards 019 (Lightning Protection, Grounding, Bonding and Shielding Requirements for Facilities) and 020 (Transient Protection, Grounding, Bonding and Shielding Requirements for Equipment)  for all equipment and structures.


	


3.2.5		Reliability, Maintainability, and Availability (RMA) Requirements





3.2.5.1	Reliability





		A failure of the entire  ABE system  shall be defined as a loss of system availability, apart from loss of primary commercial power and scheduled maintenance action.  The Mean Time Between Failure (MTBF) shall not be less than 8,760 hours.





3.2.5.2	Maintainability   





		The ABE’s electrical and mechanical components shall provide for minimum maintenance with all components readily accessible.  Once parts are available, the ABE system shall have a Mean Time to Repair (MTTR) of no more than 30 minutes.





3.2.5.3	Operational Availability Requirements





		The ABE parameter Ao requirements for both correct and error-free operations are specified in Table 3.2.  The first category, that of “correct” Ao requires that correct information be provided for that parameter, as a system output.  For this category, output shall meet the accuracy requirements of section 3.3 for the parameter.  Since missing information is much more acceptable than erroneous information, the second category is the availability as a system output of a parameter which is not incorrect; i.e., the output may be reported as “missing”.  In Table 3.2 this availability is labeled “error-free”.  For each type of Ao, this value is intended to represent the percent of total calendar time that a parameter is measured, processed, and displayed on an output device in an acceptable form.





Ao is defined as:


�


		Ao  =  � EMBED Equation.2  ���





Where:


	MOT = Mean Outage Time, to include Mean Time to Repair (MTTR), Mean Supply Response Time (MSRT), Mean Maintenance Delay Time (MMDT), and Mean Other Logistic Delay Time (MOLDT)








Table 3.2


ABE Availability Requirements (Ao)





��


Parameter�
Correct�
Error-Free


�
�
Altimeter Setting�
99.9%�
99.9%�
�
Winds�
99.0%�
99.9%�
�
Temp & Dew Point�
98.0%�
99.0%�
�






3.3		MAJOR COMPONENTS





		The following paragraphs contain the sensor functional requirements.


	


3.3.1		Wind Speed and Direction Sensors





		The wind speed sensor shall be able to detect and measure wind within the 2-85 knots range, with an accuracy of 2 knots or 10% (RMSE), whichever is the greater accuracy.  The resolution shall be one knot.  In addition, the distance constant [Distant Constant = Time (to reach 63% of new wind speed) X Wind Speed] for wind speed shall be not more than 30 feet.  The delay distance for wind direction (50% recovery) shall be no more than 12 feet.  The wind direction accuracy shall be within 5( RMSE with a maximum error of 10( on any direction.  The resolution shall be to the nearest degree  (1( to 360( excluding the “dead band”) with an allowable “dead band” of up to 10( (the dead band is defined as a transition point of a potentiometer where no voltage is present).  The wind speed and direction sensors shall respond to winds at two knots (starting threshold).  The wind direction sensor shall be aligned to true north.  After removing the sensor from its mounting for maintenance, the sensor design shall enable the accurate restoration of directional alignment without the necessity for another alignment survey.  The wind speed and direction sensors shall operate within the accuracy requirements specified, during conditions of 0.25 inch radial thickness of clear ice and wind speeds higher than 10 knots.  The sensors shall be sampled at a rate sufficient to provide five-second averages.





3.3.2		Temperature and Dewpoint Sensor





	A single thermal shield and aspirator unit may include both the temperature and dewpoint sensors.  The temperature sensor shall accurately measure the environment stated below:





(	Range			From -55(C to +55(C





(	Accuracy			1(C RMSE for the entire range of the sensor, with a 


					maximum error of 2(C





(	Resolution			1(C or better





(	Time Constant		Less than 2 minutes	





		The dewpoint sensor shall accurately measure the following environment:





(	Range			-35(C to +32.2(C





(	Accuracy			The accuracy shall be as follows (all errors are RMSE):





					1)	1(C dewpoint for dry bulb temperatures of -1(C to 32(C (80 to 100 percent relative humidity), with a maximum error of 2(C at any dry bulb temperature.


					2)	2(C dewpoint for dry bulb temperature of -1(C to 49(C (15 to 75 percent relative humidity), with a maximum error of 3(C at any dry bulb temperature.


					3)	3(C dewpoint for dry bulb temperatures of -29(C to -6(C (25 to 95 percent relative humidity) with a maximum error of 3(C at any dry bulb temperature.  The minimum dewpoint is -62(C.


	


(	Time Constant		Less than 2 minutes	  			





3.3.3		Barometric Pressure Sensor





		The ABE pressure sensor shall measure atmospheric pressure and convert this reading into altimeter setting (AS).   The AS is the actual sea level pressure based on the U.S. Standard Atmosphere. 





		The pressure sensors shall measure the station barometric pressure when installed at locations at any airport facilities with any elevation between -100 and 10,000 feet above mean sea level and operated within the outdoor environmental limits specified in Table 3.1.  The barometric pressure readings shall be converted to an AS in inches of mercury (Hg) by means of the AS equation defined in Appendix A.   Each pressure sensor shall provide the following:





Range			High pressure shall be at least 31.65 inches of mercury


and low pressure shall be at most 17.58 inches of mercury. 





Accuracy		+/- 0.02 inch of mercury over a 4.5 inch measurement 


range at any altitude from -100 to 10,000 feet.





Resolution		0.003 inch of mercury.





Differential Accuracy	The sensor shall exhibit an average differential accuracy 


of 0.01 inch of mercury or less between a series of two pressure measurements taken from the same sensor 3 hours apart.  Ambient temperature over this 3-hour period shall not change more than 3 degrees C, ambient pressure shall not vary more than 0.1 inch of mercury (RMSE) over the 3-hour period.





(	Sampled Rate		Pressure sensor shall be sampled at a rate of once per


minute.





3.3.4		Remote Data Processor Unit (RPDU)





3.3.4.1	Remote Data Processor Unit (RDPU)





		In the operational mode, the RDPU shall accept sensor data and condition this data before RF link transmission to the Terminal Data Collector Unit.  These RF links may be up to several miles in length.





		The RDPU shall have the capability to acquire data from, including but not limited to, the following sensors:  wind speed, wind direction, temperature and dewpoint, barometric pressure, including supply voltage, current, and heater operation.   It shall contain the system hardware and firmware to perform the following:  system timing and control; signal condition; data acquisition; data processing; data formatting; and data quality checks.  The RDPU shall be modular in  design and  configured for specific arrangements of sensor inputs and communication.  The RDPU housing shall be NEMA4 Type enclosure and shall be made of corrosion resistant materials.  The RPDU shall possess expansion capability for at least two future interfaces.  A typical configuration for the RDPU would be as presented below:








�


�WIND SPEED INPUT			            ���


�


��WIND DIR. INPUT 							                 	


��					         


�TEMP. INPUT	    


����					          RDPU               1   


���DEWPOINT INPUT


��                                                                                 SERIAL DATA PORT


�ALTIMETER INPUT


��


��SPARES  (2)                      


��














3.3.4.2	RDPU Timing and Control





		The RDPU Timing and Control (T&C) functions include sequencing and control of data acquisition, signal conditioning, scaling and conversion, data formatting, processing, commands, and data transfer.  Data transmission to the TDCU and RDPU data acquisition shall not interfere with each other.  Refer to Appendix I for timing requirements for each sensor signal acquisition.  A watch-dog timer shall be utilized to produce a system reset/re-boot in the event of hardware malfunction or unrecoverable data acquisition error.





3.3.4.3	RDPU Data Acquisition and Signal Conditions





		Means shall be provided to acquire the instantaneous input of the required sensor signals.  The preconditioned signals (analog, digital, or other) shall be converted to digital words for transmission to the TDCU.  Analog signal conditioning circuits, when needed, shall be converted utilizing analog to digital techniques, and sensor signal input levels shall be scaled to at least a Transistor Transistor  Level (TTL).  Signals that are preconditioned in the sensor (either analog or digital) shall be buffered in the RDPU.  








3.3.4.4	RDPU Data Processor





		The four principle functions of the ABE processor are data acceptance, data reduction, data processing, and product dissemination (digital).  The processor typically accepts data inputs, performs various data reduction functions, implements the provided ABE algorithms (Appendix I), and displays the weather reports to the operator (via the TDCU).   





		The following RDPU data processing capabilities shall be provided:





		(	Convert data received from the sensors into engineering units.


		(	Average the measurements as appropriate for each measurement.


(	Calculate the one-minute observation using the 


algorithms (provided in Appendix I) for display.


Perform quality check of the parameters.  This shall include sensor


out-of-limit checks and comparison checks.  When errors are detected, the system shall discontinue reporting of affected parameter.  If sensor quality is restored, the system shall restart parameter reporting.  However, pressure reporting shall never be restarted automatically after an error has been detected.  In this instance, pressure shall be reported as missing.





3.3.4.5	RDPU Data Reduction





The data reduction function consists of the processing of sensor parameters prior to actual algorithm processing.  The ABE data reduction software shall include quality control checks to ensure that the data received is accurate and complete.  If data from any sensor is erroneous or missing (e.g., the sensor loses power, etc.), that parameter shall be reported “missing” and displayed to the operator.  The processor shall continue to sample the data, and if the error condition is corrected, the sensor parameter shall be reinserted and displayed to the operator.  





		The processor shall set upper and lower limits on the sensor output which correspond to the normal operating limits of the sensor.  This is a gross error check that shall prevent reporting negative wind speeds, etc.  





		The processor shall set rate-of-change limits on the sensor’s output.  A rate-of-change limit shall be set by determining the maximum acceptable change in temperature or signal characteristics allowable over a given period of time.





		The processor shall recognize continued static data output, which usually indicates a malfunction.  If the sensor output is static for a sustained period of time, the parameter shall be reported as “missing”.








3.3.4.6	RDPU Data Formatting





		As a minimum the RDPU shall collect and transmit the following sensor data to the TDCU for display:





			(	Current one-minute observations





			(	Current sensor data -  Input data for algorithms in Appendix I;


				e.g. temperature for one-minute, etc.





3.3.4.7	RDPU Data Quality





		Sensor quality checks defined in Appendix I and the contractor’s addenda to the algorithms shall be processed by the RDPU to assure that Reliability, Maintainability, and Availability (RMA) requirements described in paragraph 3.2.5 are fully met.  Whenever this processing indicates that a parameter should be missing, the system shall replace the appropriate parameter with “M” as defined by Appendix I.





3.3.4.8	RDPU Power Control and Distribution





		The RDPU shall provide power to all associated sensors and peripherals (i.e., radio link).  No Uninterruptible Power Supply (UPS) or backup battery are required.  Upon restoration of normal power after a shutdown, the system shall automatically restart all functions. 





3.3.5		ABE Sensor Data Transmission Requirements





		Sensor data transmitted from the RDPU to the TDCU using UHF or Spread Spectrum (900MHz to 2.4GHz) shall be digitized, serial transfer, and via radio link.  





		The contractor shall provide a radio link capable of transferring sensor data from the RDPU to the TDCU utilizing UHF or Spread Spectrum techniques.  The transmitter shall have FCC type-acceptance and the power output shall not exceed 1 watt.  Both the RDPU and TDCU may use either an Omni-directional Yagi or Directional antenna for transmit and receive.  The radio link unit shall be collocated with the ABE’s housing structure and may be mounted on the wind mast (dependent on the line-of-sight).  Maximum distance shall not exceed 10 miles.





		Frequency stability, deviation/percent modulation, Voltage Standing Wave Ratio (VSWR), and initial/operating power output should be in accordance with the FCC Rules and Regulations, Volume II.








3.3.6		Terminal Data Collector Unit (TDCU)





		The TDCU shall acquire signals from the RDPU via RF transmission link, format and prepare the acquired sensor parameters to the display.  The TDCU shall accept up to two displays with no keyboard interaction between the TDCU and the display units.  A typical TDCU configuration would be as follows:
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�							                      DATA


�������DATA FROM THE  RDPU		          TDCU			       ADU(s)




















3.3.7		Display Requirements





		The ABE system shall  provide up to two (2), portable with optional mounting brackets, displays  per site.  One ABE Display Unit (ADU) will be located in  the Air Traffic Control Tower (ATCT) cabinet at the supervisor’s station and one ADU will be located in the Contract Weather Observer (CWO) space.   Configuration of production systems will vary in accordance with ordering information.  The ABE Display Unit (ADU) shall be readable by a person with normal vision (corrected to 20/20) in light levels varying from total darkness to 10,000 foot candelas at a distance of 10 feet and  a horizontal viewing angle to 30 degrees either side and vertical viewing to 20 degrees either side from the perpendicular to the plane of the display.  The screen shall be non-glare rectangular and a minimum of 9.0 inches measured diagonally.  The ADU shall be capable of displaying 30 characters per line on a minimum of 3 lines.  Additional requirements for the display are as follows:





	(	The minimum acceptable display resolution shall be 640 X 200 pixels


	(	The display shall be flicker-free with an update rate of 60 Hz


	(	The display shall be in color ( 


	(	Controls shall consist of :


		1)	ON/OFF switch


		2)	Contrast control


		3)	Brightness control





		The display shall accept serial data from the TDCU and display the required parameters to the operators.





3.3.8		ADU Display Weather Parameters





3.3.8.1	Temperature/Dewpoint





		The TEMP/DEWPT parameter field shall display the current temperature and the current dewpoint separated by a slant sign (/).





		a)	The temperature parameter shall contain a maximum of three 


			numeric characters preceded by a minus sign (-) when the temperature


			is negative.  Temperature limits are -55 to +55(C.  Units shall be


			measured in degrees Centigrade ((C).





		b)	The dewpoint shall contain a maximum of three characters preceded


			by a minus sign (-) when the dewpoint is negative.  Dewpoint limits 


			are -35(C to 32.2(C.  Units shall be measured in degrees Centigrade


((C).





3.3.8.2	Wind Direction/Wind Speed





		The WIND DIR/SPD parameter field shall display a maximum of 9 characters.   Within the field the wind direction shall be separated from the wind speed by a slant sign (/).  The wind speed field may be followed by a wind gust field.





		a)	The WIND DIR parameter portion of the field shall contain a maximum of three numeric characters on the ADU.  The limits are 0 to 360 degrees with direction referenced to Magnetic North.





		b)	The WIND SPD parameter portion of the field shall contain a maximum of five alphanumeric characters.  The first two characters indicate the wind speed.  The limits are 00 to 85 knots.  The third character is an alphabetic character denoting a gust (G).  The last two characters shall indicate the gust wind speed.





3.3.8.3	Altimeter Setting 





		The ALTIMETER parameter field shall contain a maximum of five characters including a decimal point on the ADU.  Two numeric characters to the left of the decimal point designate tens and units and two characters to the right of the decimal shall  designate tenths and hundredths in specifying the altimeter setting.





 





3.3.9		ADU Display 





The ABE shall display current weather to the user via the ADU.  The display shall provide a positive indication - such as an “M” - to indicate a missing parameter.  Figure 3.2 shows a typical ADU display.











											In Degrees C ((C)





��Wind Condition


���


TEMP/DEWPT				=		20/10      


��WIND  DIR/SPD			=		130/22G50  


ALTIMETER				=		29.97     


�





   Magnetic Direction


   in Degrees                       


  Wind Gust Condition				Altimeter


In Inches of                               Mercury





Figure 3.2  	ADU Display                











3.3.10	ABE/ADU Display Interfaces





		Every ABE system shall be capable of providing up to two (2) separate ADUs. 








3.4		ABE SOFTWARE REQUIREMENTS





3.4.1		ABE Operational Software





The ABE Operational software is defined as the collection of software residing as firmware in the RDPU which enables the collection and presentation of current weather data. This operational software shall utilize only commercial off the shelf (COTS) software purchased by the contractor and  shall constitute the ABE CSCI.  No site unique software development shall be implemented except for altitude setting.  The firmware chip shall be field replaceable.


�
4.0		WORKMANSHIP





4.1		HARDWARE DESIGN AND CONSTRUCTION





4.1.1		Special Packaging and Housing Considerations 





		The following applies to all outdoor enclosures of electronic equipment and sensors:





(		Shall be made of material that is lightweight and resistant to corrosion and shall contain fasteners and hardware that do not corrode and are compatible with the base material of the enclosure





(		All steel components shall be stainless





(		Shall be sealed and protected from intrusion, damage, or functional degradation by animals, birds, and insects





(		Interiors shall be shielded from EMI as necessary as per paragraph 3.2.4.4





The following are requirements for cables and connectors:





(		Cables shall be adequately shielded to prevent conducted or radiated interference signals





(		Provisions shall be provided for grounding the shields on either end of the cables.  The shield ground method shall provide for connections to the power line grounding conductor





(		Power and signal return shall be configured to permit single-point grounding at each RDCU site





(		Connectors shall be environmentally protected for units that are exposed to the outside environment, shall include a strain relief, and shall be compatible with the base metal of the enclosures.  All spare connectors shall have moisture proof dust covers.





4.1.2		Safety Design Criteria 





4.1.2.1	Personnel Hazards





		Toxic products and formulations shall not be used for the manufacture of the ABE system.   No Class I Ozone Depleting Substance (ODS) shall be used in manufacturing or cleaning of components, parts, or end items for the ABE system.  Class I ODS agents are defined as Chlorofluorocarbon, Halon, Carbon Tetrachloride, and Methyl Chloroform. 





4.1.2.2	Grounding





		The design and construction of the ABE  shall ensure that all external parts, surfaces, and shields, exclusive of antenna and transmission line terminals, are at ground potential at all times during normal operation.  Any external or interconnecting cable, where a ground is part of the circuit, shall carry a ground wire in the cable in the same manner as the other conductors.  In no case, except with coaxial cables, shall the shields be depended upon for a current-carrying ground connection.  Antenna and transmission line terminals shall be at ground potential.





		Ground connections to shields, hinges, and other mechanical parts shall not be used to complete electrical circuits.  A point on the electrically conductive chassis or equipment frame shall serve as the common tie point for static and safety grounding.





		All grounding conductors should be routed as directly as possible without loops, excess length, or sharp bends.  All equipment enclosures and housing shall be grounded by an equipment grounding conductor provided and installed in accordance with the FAA Standard 020.





4.1.2.3	Bonding





		Bonding is the mechanical and electrical connection of metal materials, wires, and cables for the low impedance conduction of currents and electromagnetic energy.  The effectiveness of lightning protection, transient protection, grounding, and shielding depends upon the quality of bonding connections.  Therefore, high quality bonding should be designed and incorporated into the ABE and its installations in accordance with FAA Standard 020.





4.1.2.4	Flammable Materials





		Unless otherwise specified herein materials which are not self-extinguishing, capable of supporting combustion, or which are capable of causing an explosion shall not be used.





4.1.3		Moisture and Fungus





		Materials resistant to moisture and fungus shall be used whenever possible.  If fungus nutrient materials are used, such use shall require prior approval of the procuring activity.  Screws, bolts, slit-fits, screw threaded inserts, and press fits shall be assembled using a suitable preservative to prevent corrosion and shall comply with FAA-G-2100F.








4.1.4		Soldering





		Assembly and soldering on the ABE system shall be in accordance with company workmanship standards.  These standards shall be patterned after FAA Standard 020.   Printed circuit boards used to interconnect discrete components shall be in accordance with FAA Standard 020.





4.1.5		Electrical Overload Protection





		Overload protection shall be provided for the ABE system.  Devices such as fuses, circuit breakers, time-delays, cutouts, or solid-state current interruption devices shall be used to open a circuit whenever a circuit shorts.  No overcurrent protective device shall be connected in series with any conductor which is grounded at the power source unless the device simultaneously opens all load conductor in the circuit and no pole operates independently, or as otherwise allowed by FAA Standard 020.   All contractor-designed equipment shall use circuit breakers which shall be readily accessible to the operator.





4.1.6		Electrical Connectors





		Selection and use of electrical connectors shall be in accordance with FAA-G-2100F.   Contact crimp, installing, and removal tools shall be in accordance with FAA-G-2100F or as specified in the individual connector specifications.  However, the variety of tools required within a system shall be kept to a minimum.  Threaded RF connectors used externally shall be stainless steel.











�









APPENDIX I





1.0		Sensor Algorithms





		This section states the sensor algorithm requirements for use to process the required parameters.  Input data are averaged over a sufficient time period to minimize the effect of anomalous data.





2.0		Ambient Temperature Algorithm





2.1		Compute Ambient Temperature





		Timing =  Once each minute


		Input    =  1-minute average ambient temperature





a)	Each minute obtain a one-minute average ambient temperature (T)


	in degrees Celsius.





b)	Determine if the one-minute average is outside sensor limits or


not available, flag as missing.





		c)	If less than 3 minutes of data are available, go to step 2.1.e.


			otherwise, get the value of T for the past 2 minutes.





d)	If current T is not marked missing and differs from the last non-


	missing T during the last 2 minutes by more than 3(C, mark current


	T missing.  If last two values of T are missing, mark T missing.





e)	Output = 1-minute average ambient temperature (T).





3.0		Dewpoint Algorithm





3.1		Compute Dewpoint Temperature Reading





		Timing  =  Once each minute.


	Input    =  1-minute average dewpoint temperature, 1-minute average 


ambient temperature.





a)	Each minute obtain a one-minute dewpoint temperature (Td) in


	degrees C.





b)	If current value of Td is less than the lower sensor limit, greater


	than the sensor upper limit or not available, mark Td missing and 


proceed to step 3.1(f).


c).  Compare the current 1-minute average dewpoint temperature to the current 1-minute average ambient temperature.





	(1)	If Td exceeds T by more than 1(C, set Td to missing and


		proceed to step 3.1 (f).





	(2)	If Td exceeds T by less than or equal to 1(C, set Td equal 


		to T and proceed to step 3.1 (f).





	(3)	If T is missing, set Td to missing and proceed to step


		3.1(f).





d)	If less than 3 minutes of data are available, go to step 3.1 (f),


	otherwise, get the value of Td for the past 2 minutes.





e)	If current Td is not marked missing and differs from the last non-


	missing Td during the past 2 minutes by more than 3(C, mark 


	current Td missing.  If last two values of Td are missing, mark Td


	missing.





f)	Output =  1-minute average Dewpoint Temperature (Td).





4.0		Wind Speed and Direction Algorithms





NOTE:	In computing average wind direction, the discontinuity at 360( must be taken into account.  Example:  Reading of 340(, 350(, 360(, 010( and 020( must result in an average direction around 360(, not 200(.  A suggestion for averaging would be vector averaging for direction only, using unit speed.  In rounding wind directions and wind speeds, round all mid-point values to the next higher value.





4.1		Validate Wind Speed and Direction





		Timing  =  Once each second


		Input    =  Wind speed Sensor Reading, Wind Direction Sensor Reading





		a)	Obtain a wind speed sensor reading (WS) in knots.





		b)	If WS is outside the sensor limits or is not available, set WS to


			“missing”.





		c)	Write WS to hold for 5 seconds.





		d)	Obtain a wind direction sensor reading (WD).





		e)	If WD is outside the sensor limits or is not available, set WD to


			“missing”.





		f)	Write WD to hold for 5 seconds.





		g)	Output  =  Validated Wind Speed (WS) and Wind Direction (WD).











4.2		Compute 5-Second Average Wind





		Timing   =  Once every 5 seconds, after process 4.1


		Input     =   WD, WS values





		a)	Get WD and WS value for past 5 seconds.





		b)	If more than 1 value of WD is marked missing, set the 5-second


			average wind direction WD5 to missing.





		c)	If less than 2 values of WD are marked missing, compute the average of the available WD values to get a 5-second average wind direction.





		d)	Round (WD5 to nearest degree.





		e)	Compute the magnetic wind direction ((Wdmag) by adding the 


			magnetic  variation to (WD.  East magnetic variation is negative;  


			west magnetic variation is positive.





		f)	If more than 1 value of WS are marked missing, set the 5-second


			average wind speed (WS5 to “missing”.





		g)	If less than 2 values of WS are marked missing, compute the scalar


			average of the values to get a 5-second average wind speed.





		g)	Round (WS5 to the nearest knot.  Round all mid-point fractional


			values up to the next higher integer value.





		h)	Output  =  5-Second Average Wind Speed ((WS) and 5-Second


					Average Magnetic Wind Direction ((Wdmag)





4.3		Compute 2-Minute Average Wind





		Timing   =   Once every 5 seconds, after process 4.2


		Input      =   (WD5, (WS5 values, Magnetic Declination





		a)	Get (WD5 and (WS5 values for past 2 minutes.





		b)	If more than 6 values of (WD5 are marked missing, set the 2-minute


			average wind direction ((WD) to “missing”.





		c)	If less than 7 values of (WD5 are marked missing, compute the 


			average of the available (WD5 values to get a 2-minute average


			wind direction ((WD).





		d)	round ((WD) to nearest degree.





e)	Compute the magnetic wind direction ((WDMag) by adding the 


	magnetic declination to (WD.  East magnetic declination is


	negative; West magnetic declination is positive.





f)	If more than 6 values of (WS5 are marked missing, set the 


	2-minute average wind speed ((WS5) to “missing”.





g)	If less than 7 values of (WS5 are marked missing, compute the scalar 


	average of the values to get a 2-minute average wind speed ((WS).





h)	Round (WS to the nearest knot.





i)	Write the 5-second update of (WS and (WD to hold for 2 minutes.





j)	Output





	1)	2-Minute Average Wind Speed ((WS)





	2)	2-Minute Average Wind Direction ((WD)





	3)	2-Minute Average Magnetic Wind Direction ((WDMag)








4.4		Format Wind Reports





		Timing   =   Once every 5 seconds, following process 4.3


		Input     =    (WD, (Wdmag, (WS





		a)	If (WS is less than or equal to 2 knots, set the basic wind report


			and basic magnetic wind report to “0000” to indicate calm winds.


			Set the display wind report and display magnetic report to “000/00”.


			Proceed to step (j). 





		b)	If (WD is missing, set true direction (TD) and magnetic direction 


			(MD) equal to “M” and proceed to step c).  Set the reported TD equal


			to (WD; set the reported MD equal to (Wdmag.  Round TD to the 


			nearest ten degrees.  Round MD to the nearest ten degrees.





		c)	If (WD is missing, set the display wind direction to “M” and proceed


			to step (d).  If TD is equal to 0 degrees (North), set TD to “360”.


Set display wind direction to the value of the hundreds, tens, and units digits of TD.  Reset TD to the value of the hundreds and tens digits.





		d)	If (WD is missing, set the display magnetic wind to “M” and proceed


			to step (e).  If MD is equal to 0 degrees (North), set MD to “360”.


Set display magnetic wind to the value of the hundreds, tens, and units digits of MD.  Reset MD to the value of the hundreds and tens digits.





		e)	If (WS is marked missing, set speed (SS) equal to “M” and proceed 


to step (f).  Set SS to (WS expressed as a two or three digit number.  If (WS is less than 10 knots, add a lead zero to SS.





		f)	Set the basic wind report to the string made up of TD+SS.





		g)	Set the basic magnetic wind report to the string made up of MD+SS.





		h)	Set the display wind report to the display wind direction +”/”+(WS.


			The wind speed (WS may be expressed as a 2 or 3 digit number.





		i)	Set the display magnetic wind report to the display magnetic wind 


			direction + “/”+(WS.  The wind speed (WS may be expressed as a 


			2 or 3 digit number.





		j)	Output





			1)	Basic Wind Report


			2)	Basic Magnetic Wind Report


			3)	Display Wind Report


			4)	Display Magnetic Wind Report





4.5		Wind Gust Algorithm 





4.5.1		Locate Maximum/Minimum 5-Second Average Wind Speed





		Timing   =  Once every 5 seconds, after process 4.2.


		Input     =   (WS5 values,  (WD5 values





		a)	Get all values of (WS5 and (WD5 for the past minute.





		b)	Locate the greatest value of (WS5.  Set the maximum 5-second


			average wind speed (WSmax) to that value.  If more than one 


			value of (WS5 satisfies these conditions, use the most recent value.





		c)	Locate the 5-second average wind direction (Wdmax) corresponding


			to WSmax.





		d)	Locate the smallest value of (WS5.  Set the minimum 5-second 


			average wind speed (WSmin) to that value.  If more than one value


			of (WS5 satisfies these conditions, use the most recent value.





		e)	Output





			1)	Maximum 5-Second Average Wind Speed (WSmax)


			2)	Maximum 5-Second Average Wind Direction (WD max)


			3)	Minimum 5-second Average Wind Speed (WSmin)





4.5.2		Test for Gust





		Timing   =  Once every 5 seconds, after process 4.5.1 and 4.3.


		Input     =   WSmax, (WS





		a)	If (WS is greater than or equal to 9 knots and WSmax exceeds (WS 


			by 5 knots or more, set gust to the value of WSmax.





		b)	Write gust to hold for 10 minutes.





		c)	Output =  Gust





4.5.3		Test for Reportable Gust





		Timing    =   Once every 5 seconds, after process 4.5.2.


		Input       =   Gust, WSmin, (WS, Basic Wind Report, Display Wind


				    Report, Basic Magnetic Wind Report, Display Magnetic


				    Wind Report.





		a)	Set the wind report equal to the basic wind report.





		b)	Set the magnetic wind report equal to the basic magnetic wind 


			report.





		c)	get all values of gust for last 10 minutes.





		d)	If the current average wind speed ((WS) is greater than 


			2 knots and at least one valid value of gust has been stored:





			1)	Locate the greatest value of gust.





			2)	Set maximum gust to that value.





			3)	Locate the smallest value of WSmin.  Set the minimum wind


				speed to that value.





			4)	If maximum gust exceeds (WS by 3 knots or more and 


				maximum gust exceeds the minimum wind speed by 10 knots or


				more:





				(	Set the wind report equal to the basic wind report


					+”G”+ maximum gust.





				(	Set the magnetic wind report equal to the basic magnetic


					wind report + “G”+ maximum gust.





				(	Append the gust indicator “G”+ maximum gust to the


					display wind report and the display magnetic wind report.





			e)	Output





				1)	Wind Report


				2)	Magnetic Wind Report


				3)	Display Wind Report


				4)	Display Magnetic Wind Report





4.6		Pressure Parameter





4.6.1		Sensor Pressure Algorithm





a)	Every 10 seconds obtain one value of pressure from the sensor.


Check the sensor reading to ensure that it falls within sensor 


limits.  If the sensor reading is outside the sensor limits or is not


available, set the reading to missing.  Store the sensor readings for one minute.





			b)	Once each minute, if sensor readings are valid, compute a


				1-minute average pressure.  





			c)	Output  =  1-Minute Average Pressure Reported by the sensor.





4.6.2		Field Pressure Algorithm





		a)	Once each minute, use the designated average pressure from process


			4.6.1 and the 1-minute average ambient temperature in degrees 


			Rankine to compute the field pressure (Pa).  Use the following 


			equation:


						 


				Pa  =  P x 10� EMBED Equation.2  ���� EMBED Equation.2  ���





			where Hza  =  (Pressure Sensor Elevation -  Field Elevation).





		b)	If either the designated average pressure or the average ambient 


			temperature has been marked missing, output the field pressure


			as missing.





		c)	Output  =   Field Pressure (Pa)





4.6.3		Altimeter Setting Algorithm





		a)	Once each minute calculate the altimeter setting, using the field


			pressure (Pa) from process 4.6.2 and the field elevation (Ha). 


			Use the equation:


					


				AS  = [Pa	� EMBED Equation.2  ���  +  (1.313 x 10 � EMBED Equation.2  ���� EMBED Equation.2  ���)  x  Ha]� EMBED Equation.2  ���





		b)	Round the altimeter setting to the nearest 0.01 inch.





		c)	Output  =  Altimeter Setting (AS)


�
	APPENDIX II


DEFINITIONS











a.	Root Mean Square Error (RMSE).	    RMSE is determined by comparing the output value with the true value of a parameter according to the following equation:








�


					                   N


				RMSE  =    {1/N  (  (T-M) 2} ½


                                                        N=1








Where





N =  Number of independent comparisons


M = Measured value


T = True value








b.	Time Constant.	After a step change in the value of a parameter measured by a sensor, the time constant is the length of time it takes the sensor to register a given percentage (63% unless otherwise specified) of the change.





c.	Ambient Temperature.	  The temperature of free air.





d.	Dewpoint.	  The temperature to which a given parcel of air must be cooled at constant pressure and constant water vapor content in order for saturation to occur.





e.	Relative Humidity.	The ratio expressed as a percentage of the actual vapor pressure of the air to the saturation vapor pressure.





f.	Wind Direction.	  The direction from which the air is moving.





g.	Magnetic Wind Direction.	Wind direction reported with reference to magnetic North.





h.	Wind Speed.	The rate of horizontal motion of the air past a given point.





i.	Altimeter Setting.	The pressure value to which an aircraft altimeter scale is set so it will indicate the altitude above mean-sea-level of the aircraft on the ground at the location for which the pressure value was determined.  The altimeter setting equation is defined as follows:





�				� EMBED Equation.2  ���P(a) 	=	P  [1+(� EMBED Equation.2  ���)� EMBED Equation.2  ��� (� EMBED Equation.2  ���)]� EMBED Equation.2  ���








Where:





P(a)		=	the altimeter setting number equal to the relative pressure that a 


			barometric located at sea level would measure at the reference time


			and geographic location;





P		=	the true pressure, in inches of mercury (Hg), at the elevation of the 


			altimeter setting indicator pressure sensor;





Hp		=	the elevation, in geopotential meters above mean sea level, of the


			altimeter setting indicator pressure sensor;





Po		=	the standard sea level pressure = 29.921 inches Hg;





a		=	the standard lapse rate in Standard Atmosphere = 0.0065(C per


			standard geopotential meter;





To  		=	the standard sea level temperature adapted for use in Standard


			Atmosphere = 288.16 K  (Kelvin or Absolute);





n		=	aR/G = constant = 0.1902632 (dimensionless);





1/n		=	G/aR = constant = 5.255877   (dimensionless).





j.	Field Elevation.	  The elevation above mean sea level of the highest point on any of the runways on the airport.





k.	Sensor Pressure.	  The atmospheric pressure derived from the sensors.





l.	Field Pressure.	The atmosphere pressure computed for a specific airport elevation.





m.	Pressure Altitude.	The altitude in the standard atmosphere at which a given pressure will be observed.





n.	Wind Gust.	     The maximum 5-second average wind speed during a 2-minute period.�
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