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ABSTRACT 

There will be a number of airports that receive both a Terminal Doppler Weather Radar 
(TDWR) windshear detection system and a phase III Low Level Wind Shear Alert System 
(LLWAS). At those airports, the two systems will need to be combined into a single 
windshear detection system. This report specifies the algorithm to be used to integrate the 
two subsystems. The algorithm takes in the alphanumeric runway alert messages generated 
by each subsystem and joins them into integrated alert messages. 

The design goals of this windshear detection system are 1) to maintain the probability 
of detection for hazardous events while reducing the number of false alerts and microburst 
overwarnings and 2) to increase the accuracy of the loss/gain estimates. The first design 
goal is accomplished by issuing an integrated alert for an operational runway whenever 
either subsystem issues a “strong” alert for that runway; by canceling a “weak” windshear 
alert on an operational runway if only one subsystem is making the declaration; and by 
reducing a “weak” microburst alert on an operational runway to a “strong” windshear alert 
if only one subsystem is making the declaration. The second design goal is accomplished 
by using the average of the two loss/gain values, when appropriate. 

. . . 
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1. CWERWEW~FTHETDWR/LLWAS 
WTEGRATIONALGORITHM 

SPECIFICATION 

This algorithm integrates the runway alerts generated by the TDWR system and Net- 
work Expansion LLWAS to give a single runway alert for each operational runway. 

A. DESIGN GOALS 

1. The primary goal of Integration is to issue all correct alerts from either subsystem. 
If only one of the systems detects an event, say TDWR misses a dry microburst or LLWAS 
misses a very small microburst, the alert generated by Integration should agree with the 
(stand-alone) system making the detection. The only time this should not be true is when 
the Integration algorithm decides that the alert should be altered in the interest of the second 
design goal. 

2. Integration should use the available information to reduce false alerts, over-warning, 
and nuisance alerts. This is accomplished by dropping weak windshear alerts if there is 
no additional evidence that they are correct, by reducing weak microbursts to wind shear 
alerts if there is no additional evidence that they are correct, and by using both systems 
to determine the loss or gain value when both detect an event. 

B. INPUTS 

1. LLWAS runway alerts for each operational runway (loss/gain value 
and location). 

2. TDWR runway alerts for each operational runway (loss/gain value and 
location). 

3. Various parameters from the Integration Parameter File (IPF). 

c. OTJTPUTS 

1. Runway alerts for each operational,runway (loss/gain value and loca- 
tion) . 

The output loss/gain values from the Integration algorithm are in meters per second, 
and there is no alert type, i.e., an alert is not classified as either a MBA or WSA. The 
loss/gain values are to be converted into multiples of 5 knots and alert types attached after 
Integration. 

D. ALGORITHM LOGIC 

Alert Screening 

The subsystem alerts are first screened before being joined using the following logic: 

1. Strong microburst alerts pass forward. 

2. Weak microburst level alerts are passed forward unchanged if there 
is a loss above threshold from the other system; otherwise, the alert 
is reduced to the maximum allowed windshear alert. 
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3. Strong windshear with loss alerts are passed forward. 

4. Weak windshear with loss alerts are passed forward unchanged if there 
is a loss above threshold from the other system; otherwise, the alert 
is dropped. 

5. Weak windshear with gain alerts are passed forward unchanged if 
there is a gain above threshold from the other system; otherwise, the 
alert is dropped. 

6. Strong windshear with gain alerts are passed forward. 

The thresholds above are set separately for each system being screened and for each 
operational runway. This allows for setting the difficulty of the screening tests to depend 
on the subsystem performance for each operational runway. For example, when TDWl? 
has a favorable viewing angle for a runway, the thresholds are set low so that all but the 
weakest TDWR alerts automatically pass the screening tests. But when TDWR does not 
have a good viewing angle, the thresholds are raised so that fewer TDWR alerts automatical- 
ly pass the screening tests. 

In general, there are six thresholds used to screen an alert: 

1. Thresh1 defines weak WSA/gain: Any gain alert between 0 and 
Thresh1 requires confirmation from the other system. 

2. Thresh2 is the threshold for confirmation of a weak gain. The weak 
gain from 1. is confirmed if the other system issues an alert above 
Thresh2. 

3. Thresh3 defines weak WSA/loss: Any loss alert between 0 and Thresh3 
requires confirmation from the other system. 

4. Thresh4 is the threshold for confirmation of a weak loss. The weak 
loss from 3. is confirmed if the other system issues an alert below 
(i.e., stronger loss than) Thresh4. 

5. Thresh5 defines weak MBA: Any loss alert between the minimum 
MBA and Thresh5 requires confirmation from the other system. * 

6. Thresh6 is the threshold for confirmation of a weak MBA. The weak 
h4BA from 5. is confirmed if the other system issues an alert below 
(i.e., stronger loss than) Thresh6. 

Joining Alerts 

The screened runway alerts from the two subsystems are joined as follows: 

1. If only one system is giving an alert, it is used as the Integration alert. 

2. If both systems are giving a loss, the location used is the first encounter 
from either system, and the loss value is the minimum of { the average 
of the two losses, oLLWAS loss, @YlNVR loss } where Q! and 6 are 
between 0.0 and 1.0. 
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3. If both systems are giving a gain, the location used is the first encoun- 
ter from either system, and the gain is the maximum of { the average 
of the two gains, $LWAS gain, STDWR gain } where y and 8 are 
between 0.0 and 1.0. 

4. If one system is giving a loss and the other is giving a gain, arbitrate 
to determine which alert to issue. The arbitration logic is equivalent 
to the arbitration logic contained in the Phase IU LLWAS algorithm. 

The loss given in 2 is just the average loss unless the average is much lower than the 
larger of the LLWAS loss and the TDWR loss. This allows for a more accurate loss estimate 
and at the same time protects against dropping the loss estimate too far. The gain estimate 
given in 3 is similar to the loss estimate. 

The arbitration logic uses the following priorities: 

1. Microburst level loss 

2. Strong wind shear with loss 

3. Strong wind shear with gain 

4. Weak wind shear with loss 

5. Weak wind shear with gain 

The terms “strong” and “weak” used here are not the same as in the alert screening. 
The parameter (LOSS-Gm-BUFFJER) used to determine the difference between strong 
and weak wind shear alerts can be set so that all losses are “strong.” 

Appendices 

Appendix A contains the data dictionary for the TDWR/LLWAS integration algorithm. 
Appendix B specifies the inputs to TDWR/LLWAS integration from the LLWAS system. 

Notes 

1. Losses are negative, gains are positive, and both are in meters per 
second. 

2. Null alerts must have loss/gain values of precisely zero. 

3. It is assumed that integration alerts will be issued each time LLWAS 
alerts are issued. Each time the LLWAS system provides alerts to the 
integration system the current TDWR alerts need to be provided to 
the integration system. 
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Programming Notes 

These comments are intended as helpful information, not requirements. 

1. There are a number of variables which have not been specified, but may be helpful 
to have available. These include, but are not restricted to, the following: 

l The number of operational runways. 

l The names of the operational runways. 

2. The various loops and conditional structures employed in this document were chosen 
for clarity of exposition, not efficiency of code. Any construction which has been shown 
to be logically equivalent may be used. 

3. In general, subscripts are avoided. Loops are written in the form: DO FOR EACH op- 
erational runway. The method of implementation is not specified. 

4. There are several subroutines employed in the algorithm. A list of inputs is provided 
for each. This is not meant to imply that only this information can be passed in the call. 
For example, when only one element of an array or data structure is required, only that 
element is shown being passed into the subroutine. It may prove easier to pass in the entire 
array or data structure. IPF parameters are not shown being passed in, but need to be made 
available. 

5. Certain variables are listed as YES/NO variables. They are listed in the data dictionary 
as “logical.” The formal declaration need not be logical; any binary variable may be used. 

6. The notation 1x1 means the absolute value of x. 

4 



2. ; TD-WR&LWAS INTEGRATION 
ALGORITHM SPECIFICATION 

INPUTS: ( from LLWAS,’ for each operkional runway) 

J 

LLWAS&LERT_TiVkJE ( l&s or gain ) 

LLWAS-ALERT-LOCATION ( location of first encounter ) 

INPUTS: ( from TDWR, for each operational runway ) 

TDWRJLERTJkXJE ( loss or gain ) 

TDWR-ALERT-LOCATION ( location of first encounter ) 

INPUTS: ( from IPF ) 

LLWAS-C’OVERAOE 

LLWASTHRESHi 

( for each operational runway ) 

( i = 1, . . . , 6, for each operational runway ) 

TDwR_COVERAGE ( for each operational runway ) 

TDWR~THRESHi ( i = 1, . . . , 6, for each operational runway ) 

OUTPUTS: ( for each opeational runway ) 

INTEGRATION-ALERT-V%UE ( loss or gain ) 

INTEGRATIONJJERT-LOCATION ( location of first encounter ) . 
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BEGIN INTEGRATION ALGORITHM 

1. SCREEN LLWAS ALERTS 

CALL SCREEN ALERT SUBROUTlM3( LLWAS-ALERT-VALUE, 
LLWAS-ALERT-LOCATION, 
TDWR-COVERAGE, 
TDWR&LERT_vALuE, 
LLWAS-THRESHi, i = 1, . . . ,6 
LLWAS~SCREENED~ALERT~VALUE ) 

2. SCREEN TDWR ALERTS 

CALL SCREEN ALERT SUBROUTINE( TDWR&LERT_vALuE, 
TDWR-ALERT-LOCATION, 
LLWAS-COVERAGE, 
LLWA&4LERT_vALuE, 
TDWR-THRESHi, i = 1, . . . ,6 
TDWR~SCREENED&L.ERT~VALUE ) 

3. JOIN LLWAS AND TDWR ALERTS 

CALL JOIN ALERTS SUEIROU’IINE (LLWAS-SCREENED&LERTVALUE, 
LLWAS-ALERT-LOCATION 
TDWR~SCREENEDAIXRTVALUE, 
TDWR-ALERT-LOCATION, 
INTEGRATION_AL;ERT_vALuE, 
INTEGRATION-ALERT-LOCATION ) 

END INTEGRATION ALGORITHM 
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ALERT ARBITRATION SUBROUTINE( LAST-GAIN, 
LAST-LOSS, 
GAIN-ALERT-VALUE, 
GAIN-ALERT-LOCATION, 
LOSS-ALERT-VALUE, 
LOSS-ALERT-LOCATION, 
ALERT-VALUE, 
ALERT-LOCATION ) 

This subroutine takes the loss and gain alerts for a single operational runway and arbitrates 
between the two to give a single alert for that runway. 

INPUTS: 

LAST-GAIN 

LAST-LOSS 

GAIN ALERT-VALUE - 

GAINJLERT_LOCATION 

LOSS-ALERT-VALUE 

LOSS-ALERT-LOCATION 

OTHER INPUTS: ( from IPF ) 

LOSS-GAIN-BUFFER 

LOSSJNCREMENT 

MYIN-MBA 

OUTPUTS: 

ALERT_vALuE 

ALERT-LOCATION 

(YES/NO, for this operational runway ) 

(YES/NO, for this operational runway ) 

( for this operational runway ) 

( for this operational runway ) 

( for this operational runway ) 

( for this operational runway ) 

( for this operational runway ) 

( for this operational runway ) 



BEGIN ARBITRATION SUBROUTINE 

LOSSJILERT = NO 

comment: If the loss is above the microburst level the alert is a loss alert. 

IF ( 1 LOSSJLERTJ4LUE 1 2 MIN-MBA ) 

LOSS-ALERT = YES 

comment: If not a microburst alert give the gain only if it is much stronger than the loss. 

ELSE 

IF ( LAST-GAIN = YES ) 

IF ( I LOSSJLERTJ4LXJE 1 + LOSSJNCREMENI’ 
- LOF33_GAI[NBUFFER > GAINJILERTVALUE ) 

LOSS&LERT = YES 

END IF 

ELSE IF ( LAST-LOSS = YES ) 

IF ( I LOSS/4LERT_vALuE 1 + LOSSJNCREMENT 
+ LOSS-GAIN-BUFFER > GAINJ~LERT_VALUE ) 

LOSSJiLERT = YES 

END IF 

ELSE 

IF ( I LOSS~ALERTJ4LUE I + LOSSJNCREMENT 
> GAW~ALERT~VALUE ) 

LOSS-ALERT = YES 
l 

END IF 

END IF 

END IF 
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comment: Now compute the alert to issue. 5 

IF ( LOSSJiLERT = Y&3 ) 

ALERT_vALuE = LOSS/4LERT_vALuE 

ALERT-LOCATION = LOSS/4LERT~LOCATION 

ELSE 

comment: If not a loss it must be a gain. 

ALERT&UJE + GAINJ~LERTJ~LUE 

ALERT-LOCATION = GAINJ~LERT~LOCATION 

END IF 

END ARBITRATION SUBROUTINE 



JOIN ALERTS SUBROUTINE ( LLWAS-ALERT-VALUE, 
LLWAS-ALERT-LOCATION, 
TDWR-ALERT-VALUE, 
TDWR-ALERT-LOCATION, 
INTEGRATION_ALERT_VALUE, 
INTEGRATION-ALERT-LOCATION ) 

This subroutine joins the two alerts for the entire set of operational runways. 

INPUTS: 

LLWAS&LERT_vALuE ( for each operational runway ) 

LLWAS-ALERT-LOCATION ( for each operational runway ) 

TDWRJLERT_vALuE ( for each operational runway ) 

TDWR~ALERT_LOCATION ( for each operational runway ) 

INPUTS: ( from IPF ) 

LLWAS-COVERAGE ( for each operational runway ) 

LLWAS-GF-FACTOR ( for each operational runway ) 

LLWASJ4BFACTOR ( for each operational runway ) 

TDWR-COVERAGE ( for each operational runway ) 

TDWR-GF-FACTOR ( for each operational runway ) 

TDWR-m-FACTOR ( for each operational runway ) 

OUTPUTS: ( for each operational runway ) 

INTEGRATIONJILERTJ~LUE 

INTEGRATIONJ~LERT_L~CATION 

OTHER wuuABLEs: 

LAST-GAIN ( for each operational runway, 
must be saved from one alert cycle to the next ) 

LAST-LOSS ( for each operational runway, 
must be saved from one alert cycle to the next ) 
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BEGIN JOIN ALERTS SUBROUTINE: 

comment: Ordering of alert locations: RWY c IMF -C 2MF -C 3MF, and RWY -c IMD -c 2MD 

DO FOR EACH- operatiohal runway 

comment: If no alert. 

IF ( LLWAS-ALERT~VALUE = 0 and TDWRALERTVALUE = 0 ) 

J INTEGRATI~NJIERT_vALUE = 0 

INTEGRATI~NJILJ~RT~LOCATION = ‘RWY’ 
_ 

comment: If only an LLWAS alert. 

ELSE IF ( ILLWAS-AIERT~VALUE!~ > 0 and TDWR~ALERT~VALUE = 0 ) 

DJTEGRATIbNJLERT_vAT_;vE = LLWASJLERTJMLUE 

INTEGRA’II~NJLERT~LOCATION = LLWAS/ILERT_LOCATION 

comment: If only a TDWR alert. 

ELSE IF ( LLWAS-ALERT-VALUE = 0 and ~TDWR~ALERT_vALuE~ > 0 ) 

INTEGRATIONJUERTJKLUE = TDWR/ILERTJUXE 

INTEGRATIO~~JUERT~LOCATION = TDWRJILERT~LOCATION 



comment: If both LLWAS and TDWR are issuing a loss alert. 

ELSE IF ( LLWAS-ALERT-VALUE < 0 and TD~ALERTVALUE < 0 ) 

CALL JOIN LOSS ALERTS SUE3ROU’IINE( LLWAS-ALERT-VALUE, 
LLWAS-ALERT-LOCATION, 
TDWR.ALERTVALUE, 
TDWR&LERT_LOCATION, 
INTEGRATION/4LERT-VALUE ) 

IF arrival runway 
c 

INTEGRATION-ALERT-LOCATION = maximum 
UWAS-ALERT-LOCATION, TDWR-ALERT-LOCATION} - 

ELSE 

INTEGRATION~ALERT~LOCATION = minimum 
(LLwA&4LERTBLOCATION, TDWR/4LERT~LOCATION} 
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comment: If both LLWAS and TDWR are issuing a gain alert. 

ELSE IF ( LLWAS-ALERT-VALUE > 0 and TDwR_ALERT-VALUE > 0 ) 

CALL JOIN GAIN ALERTS SUBROUTINE( LLWAS-ALERT-VALUE, 
LLWAS-ALERT-LOCATION, 
TDWR_ALERT_vALuE, 
TDWR-ALERT-LOCATION, 
INTEGRATION~ATRT~VALUE ) 

IF arrival runway 

INTEGRATION_ALERT_LOCATION = maximum 
{LLWAS-ALERT-LOCATION, TDWR-ALERT-LOCATION) 

ELSE 

INTEGRATION_ALERT_LoCA~ON = minimum 
(L;LWAS-ALERT-LOCATION, TDWR-ALERT-LOCATION) 

END IF 
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comment: If both a loss and a gain arbitrate. 

ELSE IF ( LLWAS-ALERT-VALUE < 0 and TDWRALERTVALUE > 0 ) 

CALL ALERT AREUTRATION SUE3ROUTlNE 
( LAST-GAIN, 

LAST-LOSS, 
TDWRJILERTJUJE, 
TDWR-ALERT-LOCATION, 
LLWASJiLERTJ4LUE, 
LLWAS-ALERT-LOCATION, 
lNTEGRATIONJLERT_vALuE, 
INTEGRATION~ALERT~LOCATION ) 

ELSE IF ( LLWAS-ALERT_vALuE > 0 and TDWRALERTVALUE < 0 ) 

CALL ALERT AREUTRKTION SUBROUTINE 
( LAST-GAIN, 

LAST-LOSS, 
LLWASJILERT~VALUE, 
LLWAS/lLERT_LOCATION, 
TDWRJLERTVALUE, 
TDWR&LERT-LOCATION, 
LNTEGRATIONJXERTJMIJE, 
INTEGRKTIONALERTLOCAT.tON ) 

END IF 



comment: Now compute last-loss and lastRain. 

IF ( INTEGR/iTION/4LERTJ4LUE < 0 ) 

LAST-LOSS = YES 

LAST-GAIN = NO 

ELSE IF ( INTEGRATIONJ~LERT_~AL~E > 0 ) 

LAST-LOSS = NO 

LAST-GAIN = YES 

ELSE 

LAST-LOSS = NO’ 

LAST_GAIN = NO 

END IF 

END DO 

END JOIN ALERTS SUBROUTINE 
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JOIN GAIN ALERTS SUBROUTINE( LLWAS-ALERT-VALUE, 
LLWAS-ALERT-LOCATION, 
TDWR-ALERT-VALUE, 
TDWR-ALERT-LOCATION, 
INTEGRATION-ALERT-VALUE ) 

This subroutine computes the integration alert value for a single operational runway in the 
case that both TDWR and LLWAS are issuing a gain. 

INPUTS: 

LLWASJ0.XRT_vALuE 

LLWASJ%ERT~LOCATION 

TDWRALERTVALUE 

TDWRJLERT-LOCATION 

INPUTS: ( from IPF ) 

LLWAS-COVERAGE 

LLWAS-GF-FACTOR 

TDWR~COVERAGE 

TDWR-GF-FACTOR 

OUTPUTS: 

( for this operational runway ) 

( for this operational runway ) 

( for this operational runway ) 

( for this operational runway ) 

( for this operational runway ) 

( for this operational runway ) 

( for this operational runway ) 

( for this operational runway ) 

lNTEGRATION~ALERT_vALuE ( for this operational runway ) 
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BEGIN JOIN GAIN ALERTS SUBROUTINE 

IF ( ( LLWAS-ALERT_LOCATION 5 TDWR~COVERAGE ) and 
( TDWRJXLERT~~OCATION < LLWAS-COVERAGE ) ) 

/ 
AVE = ( LLWASjKERT_vALuE + TDWRJLERT_vALuE ) I 2 

I 

I 
INTEGRATION~ALERTJMLUE 

= maximurp { AVE, 
Y ~- .~ LLWAS-GF-FACTOR x LLWAS-ALERT-VALUE, 

TDWR~GF~FACTOR x TDWRJLERT_vALuE } 

- ELSE 

INTEGRATION-ALERT_vALUE = maximum{ LLWAS-ALERT-VALUE, 
TDWR~ALERT_vALuE } 

END IF 

END JOIN GAIN ALER;rS SUBROUTINE 
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JOIN LOSS ALERTS SUBROUTINE( LLWAS-ALERT-VALUE, 
LLWAS-ALERT-LOCATION, 
TDWR&JiERT_VALUE, 
TDWR-ALERT-LOCATION, 
INTEGRATION-ALERT-VALUE ) 

This subroutine computes the integration alert value for a single operational runway in the 
case that both TDWR and LLWAS are issuing a loss. 

LLWASJLERTJALUE 

LLWAS-ALERT-LOCATION 

TDWRJILERTJALUE 

TDWRJ&ERT_LOCATION 

INPUTS: ( from IPF ) 

LLWAS-COVERAGE 

LLWAS-Ml-FACTOR 

TDWR~COVERAGE 

TDWRJI-FACTOR 

OUTPUTS: 

( for this operational runway ) 

( for this operational runway ) 

( for this operational runway ) 

( for this operational runway ) 

( for this operational runway ) 

( for this operational runway ) 

( for this operational runway ) 

( for this operational runway ) 

INTEGRATION_tu;ERT_vALvE ( for this operational runway ) 
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BEGIN JOIN LOSS ALERTS SUBROUTINE 

IF ( ( LLWAS_ALERTLOCATION 5 TDwR_COVERAGE ) and 
( TDWRJILERT~LOCATION 5 LLWAStiCOVERAGE ) ) 

AVE = ( LLWAS-4LERT_vALALUE + TDWRJLERTJUSJE ) I 2 

INTEGRATIONJLERTVALUE = 
minimum { AVE, 

LLWASJvB-FACTOR x LLWASJLERTJhLUE, 
TDWR~tE~~ACT’OR x TDWR~ALERTJ4LUE } 

ELSE 

INTEGRATION~ALERT~VALUE = minimum { LLWAS-ALERT~VALUE, 
TDWRJLERT_vALuE } 

END IF 

END JOIN LOSS ALERT SUBROUTINE 
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SCREEN ALERT SUBROUTINE( ALERT-VALUE, 
ALERT-LOCATION, 
OTHER-ALERT-COVERAGE, 
OTHER-ALERT-VALUE, 
THRESHi, i = 1, . . . , 6 
SCREENED-ALERT-VALUE ) 

This subroutine takes all the runway alerts from one system and compares weak alerts to 
the runway alerts generated by the other system. Weak alerts which are not confirmed by 
the other system are dropped or reduced. 

INPUTS: 

ALERTJ4LUE ( loss or gain, for each operational runway ) 

ALERT-LOCATION ( for each operational runway ) 

OTHER-ALERT-COVERAGE ( for each operational runway ) 

( loss or gain, for each operational runway ) 

THRESHi ( i = 1, . . . , 6, for each operational runway ) 

OTHER VARIABLES: ( from IPF ) 

MAX-WSA 

MtNJvIE3A 

OUTPUTS: 

SCREENED~ALERT~VALUE ( loss or gain, for each operational runway ) 

20 



comment: Ordering of alert locations: RWY c IMF -C 2MF -C 3MF, and RWY c 1MD -C 2MD _ 

BEGIN ALERT SCREEtiING SUBROUTINE 

DO FOR EACH operational runway 

comment: If the alert is in the coverage region of the other system and weak check for lack of 
confirmation. 

IF ( ( ALERT-LOCATION 5 OTHER-ALERT-COVERAGE ) and 
( 0 2 ALERT VALUE 5 THRESH1 ) and 
( OTHER~~~RTJ4LU-E 5 THRESH2 ) ) 

SCREENEDALERTJUJE = 0 

ELSE IF ( ( ALEkT-LOCATION s OTHER~ALERT~COVERAGE ) and 
( 0 1 aERT_vALuE 2 THRESH3 ) and 
( 0THER~ALERT~VALU-E > THRESH4 ) ) 

. SCREENEDJLERTVALUE = 0 

ELSE IF ( ( A.LE,RT-LOCATION 2 OTHER-ALERT-COVERAGE ) and 
( -MIN-MBA 2 ALERT-VALUE 2 THRESH5 ) and 
( OTHERALERTJ4LUE 2 THRESH6 ) ) 

SCREENED-ALERT-VALUE = h!tAX-WSA 

ELSE 

SCREENElI?/4LERTVALUE = ALERT_vALuE 

END IF 

END DO 

END ALERT SCREENING SUBROUTINE 
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APPENDIX A 
DATA DICTIONARY FOR THE 
TDWR/LLWAS INTEGRATION 
ALGORITHM SPECIFICATION 

ALERT-LOCATION 

description: Set to either LLWAS-ALERT-LOCATION or TDWR-ALERT-LOCATION. 

type: character ( 1 x number of operational runways ) 

values: ‘RWY’, ‘lMF’, ‘lMlY, ‘2MF’, ‘2MD’, or ‘3MF’, one for each operational 
runway 

ALERT-VALUE 

description: Set to either LLWAS-ALERT_vALuE, or TDWR~ALERT_vALuE. 

type: real ( 1 x number of operational runways ) 

values: meters per second, one for each operational runway 

AVE 

description: The average of an LLWAS alert value and a TDWR alert value for a 
single operational runway. 

type: real 

values: meters per second 

GAIN-ALERT-LOCATION 

description: Set to either the LLWAS-ALERT LOCATION or the 
TDWR-ALERT-LOCATION for a single oper&onal runway. 

type: character 

values: ‘RWY’, ‘Ml?‘, ‘MD’, ‘2h4J?‘, ‘2MD’, or ‘3MF’ 

GAIN-ALERT-VALUE 

description: Set to either the LLWAS-ALERT_vALuE or the 
TDWR-ALERT-VALUE for a single operational runway. 

type: real 

values: meters per second . 
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INTEGRATION~ALERT~LOCATION 

description: The location of first encounter of the windshear for each operational 
runway to be issued by the integration algorithm. 

type: character ( 1 x number of operational runways ) 

values: ‘RWY’, ‘lMF’, ‘ND’, ‘2MF’, ‘2MD’, or ‘3MF’, one for each operational 
runway 

INTEGRATION-ALERT-VALUE 

description: The loss or gain value for each operationa 
integration algorithm. 

.I runway to be issued by the 

type: real ( 1 x number of operational runways ) 

values: meters per second, one for each operational runway 

LASTiGAIN 

description: For each operational runway answers the question “was the last 
integration alert on this operational runway a gain?” These values must be stored 
from call to call. 

type: logical ( 1 x number of operational runways ) 

values: YES/NO, one for each operational runway 

LAST-LOSS 

. 

description: For each operational runway answers the question “was the last 
integration alert on this operational runway a loss?” These values must be stored from 
call to call. 

type: logical ( 1 x number of operational runways ) 

values: YES/NO, one for each operational runway 

LLWAS-ALERT-LOCATION 

description: The “location of first encounter of windshear” portion of each operational 
runway alert issued by the LLWAS system. 

type: character ( 1 x number of operational runways ) 

values: ‘RWY’, ‘lMF’, ‘MD’, ‘2MF’, ‘2MD’, or ‘3MF’, one for each operational 
runway 

LLWAS-ALERTJXLJJE 

description: The loss or gain value portion of each operational runway alert issued by 
the LLWAS system. 

type: real ( ,l x number of operational runways ) 

values: meters per second, one for each operational runway 
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LLWAS-COVERAGE : 

description: The extent of LLWAS coverage for each operational runway. These are 
fixed parameters input from the IPF. 

type: character ( 1 x number of operational runways ) 

values: ‘RWY’, ‘Ml?, ‘MD’, ‘2MF’, ‘2MD’, or ‘3MF’, one for each operational 
runway 

LLWAS-GF-FACTOR 

description: The minimum allowed fraction of a screened LLWAS gain value that can 
be issued. These are fixed parameters input from the PF. 

type: real ( 1 x number of operational runways ) 

values: 0.0 - 1 .O, one for each operational runway 

LLWAS-MB-FACTOR ” 

description: The minimum allowed fraction of a screened LLWAS loss value that can 
be issued. These are fixed parameters input from the IPF. 

type: real ( 1 x number of operational runways ) 

values: 0.0 - l.O,:one for each operational runway 
. 

LLWASJCREENED-ALERT-VALUE 

description: The loss or gain value portion of each LLWAS operational runway alert 
after passing through ALERT SCREENING. 

type: real ( 1 x number of operational runways ) 

values: meters per second, one for each operational runway 

LLWAS-THRESHi I ( i = 1, . . . , 6 ) 

description: Thresholds used to screen weak LL,WAS alerts. These thresholds are set 
individually for each operational runway. These are fixed parameters input from the 
IPF. 

type: real ( 6 x number of operational runways ) 

values: meters per second, one set ( i= 1, . . . . 6 ) for each operational runway _ _; . 
LOSS-ALERT 

i’ 

description: Used internally to ALERT ARBlTRATION to determine if the output alert 
will be the loss or gain alert. 

type: logical 

values: YES/NO 
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LOSS-ALERT-LOCATION 

description: Set to either the LLWAS-ALERT LOCATION or the 
TDWR-ALERT-LOCATION for a single operational runway. 

type: character 

values: ‘RWY’, ‘Ml?, ‘MD’, ‘ZMF’, ‘2MD’, or ‘3h4F’ 

LOSS~ALERTJW.,UE 

description: Set to either the LLWAS-ALERT-VALUE or the TDWRALERTVAL~ 
for a single operational runway. 

type: real 

values: meters per second 

LOSS-GAIN-BUFFER 

description: Used to lean towards giving a loss alert if the last integration alert was a 
loss, or to lean towards giving a gain alert if the last integration alert was a gain. This 
is a fixed parameter input from the PF. 

type: real 

values: meters per second 

LOSSJNCREMENT 

description: Used to determine if a gain alert value is enough larger than a loss alert 
value to override the loss. This is a fixed parameter input from the IPF. 

type: real 

values: meters per second 

. MAx:_wsq 

description: The value that a weak unconfirmed MBA is reduced to. This is a fixed 
parameter input from the IPF. 

type: real 

values: meters per second 

MIN-MBA 

description: The magnitude of the weakest allowed microburst alert value. This is a 
fixed parameter input from the IPF. 

type: real 

values: meters per second 
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OTHER-ALERT-CO&AGE 

description: Set to either LLWAS-COVERAGE or TDWR-COVERAGE. 

type: character ( 1’ x number of operational runways ) 

values: ‘RWY’, ‘lh4F’, ‘lMD’, ‘2MF’, ‘2MD’, or ‘3MF’, one for each operational 
runway 

OTHER-ALERT-VALUE 

description: Set to’ either LLWAS-ALERT-VALUE or TDWRALERTVALUE. 

type: real ( 1 x number of operational runways ) 

values: meters per second, one for each operational runway 

SCREENED-ALERT-VALUE 

description: The screened alert values from either LLWAS or TDWR. 

type: real ( 1 x number of operational runways ) 

values: meters per second, one for each operational runway 

TDWR-ALERT-LOCATION 

description: The “location of first encounter of windshear” portion of each operational 
runway alert issued by the TDWR system. 

type: character ( 1 x number of operational runways ) 

values: ‘RWY’, ‘lMF’, ‘lMD’, ‘2MF’, ‘2MD’, or ‘3h4F’, one for each operational 
runway 

TDWR-ALERT-VALUE 

description: The loss or gain value portion of each operational runway alert issued by 
the TDWR system. 

type: real ( 1 x number of operational runways ) 

values: meters per second, one for each operational runway 

TDWR-COVERAGE 

description: The extent of TDWR coverage for each operational runway. These are 
fixed parameters input from the IPF. 

type: character ( 1 x number of operational runways ) 

values: ‘RWY’, ‘Ml?‘, ‘MD’, ‘2MF’, ‘2MD’, or ‘3MF’, one for each operational 
runway 
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TDWR-GF-FACTOR 

description: The minimum allowed fraction of a screened TDWR gain value that can 
be issued. These are fixed parameters input from the IPF. 

type: real ( 1 x number of operational runways ) 

values: 0.0 - 1.0, one for each operational runway 

TDWR-MB-FACTOR 

description: The minimum allowed fraction of a screened TDWR loss value that can 
be issued. These are fixed parameters input from the IPF. 

type: real ( 1 x number of operational runways ) 

values: 0.0 - 1.0, one for each operational runway 

TDWRJKXEENED-ALERT 

description: The loss or gain value portion of each TDWR operational runway alert 
after passing through ALERT SCREENING. 

type: real ( 1 x number of operational runways ) 

values: meters per second, one for each operational runway 

TDWR-THRESHi ( i = 1, . . . , 6 ) 

description: Thresholds used to screen weak TDWR alerts. The thresholds are set 
individually for each operational runway. These are fixed parameters input from the 
ll?F. 

type: real ( 6 x number of operational runways ) 

values: meters per second, one set ( i= 1, . . . . 6 ) for each operational runway 

THRESHi ( i = 1, . . . , 6 ) 

description: Set to either LLWAS-THRESHi or TDWR-THRESHi 

type: real ( 6 x number of operational runways ) 

values: meters per second, one set ( i= 1, . . . . 6 ) for each operational runway 
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APE’ENDI~ B ; w. 
LLWAS DATA INPUTS 

This appendix specifies the variables that are required to be passed from the LLWAS 
system to TDWRILLWAS integration and refers to the Network Expansion LLWAS Algo- 
rithm Specification, Version 1990.01. These variables are computed in the LLWAS system 
for each data polling cycle and are required to be passed to TDWR/LLWAS integration 
for each polling cycle. 

1. Alert information (LLWAS-ALERT-VALUE, LLWAS-ALERT-LOCATION) 

Message (rwy, 1) rwy = 1, NUM-RWY ; “1” signifies arrival runway 
Message (rwy, 2) rwy = 1, NUM-RWY ; “2” signifies departure runway 

Each “Message” consists of the following information: 

l Alert type (N.A. for Message Level Integration Algorithm) 

l Alert value (in meters/set) 

l Alert location (where location = 0 ERW, 1 PW, 2 WFl, 
or 3 [3MF] for arrival runways, and 0 [RWY], 1 [lMD], 2 [2MD] for 
departure runways) 

These global (or “save”) variables are set in subroutine “runway-alert-arbitration” 
(p. 62-65 of the LLWAS specification). 

2. Station wind variables (U, V) The wind data are not used in the TDWRILLWAS integration 
algorithm. They are used for display only. 

U (stat, mode) stat = 1, NUM-STAT ; mode = 3 
V (stat, mode) stat = 1, NUM-STAT ; mode = 3 

These global (or “save”) wind variables are computed in subroutine “filter-wind-data” 
(p. 27-29 of the I&WAS specification) using filter mode 3 (ME-LOSS). These are 
calculated at each station wind update. 
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