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500 ~

TRAIN BEHAVIOR MACHINE LEARNING MODELS USING
FIRST TRAINING DATA TO OUTPUT PREDICTED VALUES
FOR TARGET PARAMETERS FOR A NORMAL BEHAVIOR
OF COMPONENT OPERATING IN TOLERANCE

Y

502 ~

DETERMINE HISTORICAL PREDICTION METRICS
FROM THE PREDICTED VALUES FOR THE TARGET
PARAMETERS PREDICTED BY BEHAVIOR MACHINE
LEARNING MODELS IN RESPONSE TO RECEIVING
HISTORICAL SENSOR DATA AND ACTUAL VALUES FOR
THE TARGET PARAMETERS FOR THE COMPONENT

Y

504 -]

TRAIN A MAINTENANCE MACHINE LEARNING MODEL
USING SECOND TRAINING DATA TO PREDICT WHETHER
THE MAINTENANCE IS NEEDED FOR THE COMPONENT

Y

506 "

DETERMINE WHETHER THE MAINTENANCE IS NEEDED
FOR THE COMPONENT USING SENSOR DATA FOR THE
COMPONENT, PREDICTION METRICS DETERMINED FROM
THE PREDICTED VALUES FOR THE TARGET PARAMETERS
OUTPUT BY THE BEHAVIOR MACHINE LEARNING MODELS
AND ACTUAL VALUES FOR THE TARGET PARAMETERS,
AND THE MAINTENANCE MACHINE LEARNING MODEL

\

( END )
FIG. 5
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600~ SEND SENSOR DATA FOR THE COMPONENT INTO
THE BEHAVIOR MACHINE LEARNING MODELS

Y

602 RECEIVE THE PREDICTED VALUES FOR
N THE TARGET PARAMETERS FROM THE
BEHAVIOR MACHINE LEARNING MODELS

Y

DETERMINE THE PREDICTION METRICS FROM THE
PREDICTED VALUES FOR THE TARGET PARAMETERS
604~ OUTPUT FROM THE BEHAVIOR MACHINE LEARNING
MODEL FOR THE SENSOR DATA AND THE ACTUAL VALUES

FOR THE TARGET PARAMETERS IN THE SENSOR DATA

Y

SEND THE PREDICTION METRICS INTO THE
606 - MAINTENANCE MACHINE LEARNING MODEL

Y

RECEIVE A PREDICTION OF WHETHER THE
6081 MAINTENANCE IS NEEDED FOR THE COMPONENT
FROM MAINTENANCE MACHINE LEARNING MODEL

Y

C END )
FIG. 6
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700~

RECEIVE SENSOR DATA FOR THE VEHICLE

Y

702~

PREDICT TARGET PARAMETERS USING BEHAVIOR
MACHINE LEARNING MODELS TRAINED USING
FIRST TRAINING DATA TO PREDICT THE TARGET
PARAMETERS FOR A NORMAL BEHAVIOR OF
THE COMPONENT OPERATING IN TOLERANCE,
WHEREIN THE TARGET PARAMETERS
CHARACTERIZE BEHAVIOR OF THE COMPONENT

Y

704 -1

DETERMINE PREDICTION METRICS FROM PREDICTED
VALUES FOR THE TARGET PARAMETERS PREDICTED
BY BEHAVIOR MACHINE LEARNING MODELS AND
ACTUAL VALUES FOR THE TARGET PARAMETERS

\

706 |

PREDICT WHETHER THE COMPONENT WILL FALL
OUT OF TOLERANCE AFTER A TIME PERIOD USING
THE PREDICTION METRICS AND A MAINTENANCE
MACHINE LEARNING MODEL TRAINED USING
SECOND TRAINING DATA TO PREDICT WHETHER THE
MAINTENANCE IS NEEDED FOR THE COMPONENT

Y

( END )
FIG. 7
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800~

SET P TO BE THE SET OF ALL AVAILABLE
PARAMETERS, EXCEPT STALE, REDUNDANT,
OR ABSOLUTE PARAMETERS

.

802~

ESTIMATE MEMORY USAGE FOR EACH
SAMPLE THAT HAVE VALUES AND
DERIVES FEATURES THAT USE P

Y

804 ~_

LOAD THE MAXIMUM NUMBER OF
RANDOM FLIGHTS ONE AT A TIME

Y

806 |

USE K-FOLD CROSS-VALIDATION METHOD TO
TRAIN KMODELS FOR EACH OF THE T TARGET
PARAMETERS FROM THE SUB-SAMPLED
FEATURES CALCULATED PREVIOUSLY

Y

808

SET P' AS THE SET OF PARAMETERS
USED TO DERIVE A FEATURE

DETERMINE

FIG. 8

WHETHER P IS EQUAL SETPASP
TOP S
812
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900~ SETFTOBE THE SET IDENTIFIED FOR TRAINING
THE BEHAVIOR MACHINE LEARNING MODELS

A

\

902 ~| ESTIMATE MEMORY USAGE FOR EACH SAMPLE THAT
HAVE VALUES AND DERIVES FEATURES THAT USE P

A\
904 | LOAD THE MAXIMUM NUMBER OF
RANDOM FLIGHTS ONE AT A TIME

A
USE K-FOLD CROSS-VALIDATION METHOD TO
TRAIN K MODELS FOR EACH OF THE T TARGET
906 | PARAMETERS FROM THE SUB-SAMPLED
FEATURES CALCULATED PREVIOUSLY

\

PLACE A FEATURE INTO F' IF THE FEATURE
APPEARS IN THE LIST OF TOP M1 FEATURES FOR
ONE OF THE K MODELS; APPEARS IN THE LIST OF
908 -1 TOP M2 FEATURES FOR ALL OF THE K MODELS; HAS
FEATURE IMPORTANCE OF AT LEAST I1 FOR ONE OF

THE K MODELS; OR D. HAS FEATURE IMPORTANCE
OF AT LEAST I2 FOR ONE OF THE K MODELS

DETERMINE
WHETHER F IS EQUAL SETFASF
TOF S
912

FIG. 9
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yOO
DATA PROCESSING SYSTEM
1006 sToRAGE DEVICES 1008
1016~ v y
1004 PERSISTENT
N MEMORY STORAGE
PROCESSOR UNIT
@ 1082
3 l T
COMMUNICATIONS INPUT/OUTPUT
UNIT UNIT DISPLAY
/ / N
1010 1012 1014
1020 COMPUTER
"\ PROGRAM PRODUCT
COMPUTER-READABLE MEDIA
PROGRAM INSTRUCTIONS
Vad /
1022 1018 1924
COMPUTER-READABLE
STORAGE MEDIA

FIG. 10
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1100

N

11712

1102 ~

SPECIFICATION AND DESIGN

Y

1104 ~

MATERIAL PROCUREMENT

Y

1106 ~

COMPONENT AND SUBASSEMBLY
MANUFACTURING

Y

1108 ~

SYSTEM INTEGRATION

Y

11101

CERTIFICATION AND DELIVERY

Y

1112

IN SERVICE

Y

1114 -]

MAINTENANCE AND SERVICE

FIG. 11

1200

\

AIRCRAFT

1202~

AIRFRAME

INTERIOR

| ~1206

SYSTEMS

PROPULSION
SYSTEM

ELECTRICAL
SYSTEM

/
1208 1512

(
1210 1514

HYDRAULIC
SYSTEM

ENVIRONMENTAL

SYSTEM
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13(\)\(‘)
130< PRODUCT MANAGEMENT SYSTEM 1i04
1306 MANUFACTURING « CONTROL »|  MAINTENANCE
\‘ SYSTEM SYSTEM SYSTEM
1
MANUFACTURING 13q 4
EQUIPMENT
FABRICATION MAINTENANCE
1308 "] EQUIPMENT EQUIPMENT
P ASSEMBLY \ 1?6
EQUIPMENT
1310 Qu M N
OPERATORS 1312

FIG. 13
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