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Introduction

Introduction

= Given the increasingly complex nature of maintenance operations in the
aerospace field, handling huge numbers of technical documents for

maintenance has become a complicated and tedious process

Manuals used for aircraft maintenance

Landing Gear

L Gears and Doors

L Main Landing Gear

Instruction - ik m i e s
6. Make sure that the bleed screws (23) and (25) gre closed. o = ' 2:11-15
Component Maintenance Manual

llustrated Parts Catalog
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Introduction

Motivation

= To enhance Aircraft maintenance and Training effectiveness

* How to present the information and task instructions clearly in the context of the

actual aircraft
v'  Effective visualization of the information for technicians

Augmented Reality is used for the visualization

* Determining what information is relevant to a specific aircraft maintenance
v" Providing useful information for every step of an instruction

Knowledge is used for what information 1s needed for implementing a specific

Instruction from various manual resources such as AMM, IPC and TEM
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System Description

System Overview

Aircraft
Maintenance
i Usear
Automatic
context-awared
view

Qntology .

.

Augmented Reality

Ontology
supported AR

Userinterface

Domain
Photos Knowledge

Domain Experts
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System Description

AR(Augmented Reality)

= Augmented Reality is a compelling means for how to present and interact

with information in context

= Developed the vision-based recognition, tracking and annotations methods

needed to align annotations with camera image

= Represented improved computer vision achievements for real-time and robust

performance in the very challenging conditions posed by aircraft settings

= As in the case of all other object recognition techniques, strong light
variations affect the object recognition performance of the system. On-site
environments change frequently according to weather conditions and whether

the hanger door is open.
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System Description

AR(Augmented Reality) Module

= AR module is told what KRI (Key reference images) image and annotation to
process (by KBS module)

= AR module receives live video from the camera and attempts to match live
video to all RIs(reference images) associated with KRI

= When a match is obtained to a RIy, its homography, Hy, is used to relate the
DB KRI annotation to the video image

Annotation

H\ relates
Annotation
tO RIN : |
: |
Match video to Rl i Rl 5
and compute Hv m H,s
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System Description

Knowledge Graph - Model Building

= Knowledge Graph are a means of identifying relevant and unambiguous
information related to a task and its context
v Ontology modeling for aircraft maintenance
v Automatically generated ontology instances of technical manuals

v" Unified and summarized view for integrating maintenance resources such as

video, photos, links, figures, and other resources with the manuals

v' Integrating data management tools such as the video annotation tool,

ontology population tool, and AR animation tool
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A330 Landing Gear Maintenance Training System

TASK 32-11-15-000-801
Removal of the MLG Bogie-Alignment
Pitch Trimmer (Weight on Wheels)

2. Job Set-up Information
B. Referenced Information

29-00-00-864-804 Put the Related Hydraulic
System in the
Depressureized
Configuration before
Maintenance Action

32-00-00-860-804 Flight Configuration
Precautions

32-11-15-991-001 Fig. 401




A330 Landing Gear Maintenance Training System

SPANNER - TR LINK NUT @®) "
K 32-11-15-000-801

hoval of the MLG Bogie-Alignment

@ A340/A330 h Trimmer (Weight on Wheels)

ILLUSTRATED TOOL AND EQUIPMENT MANUAL

SPANNER - TR LINK NUT rocedure
f. Fig. 401/TASK 32-11-15-991-001)
task 32-11-15-020-050

PART NUNMBER: 460007036

Descriptioneesrecennss Used for the removal and installation of the nuts on the H i

upper and Lower pitch trimmer pins. emoval of the Bogle—Allgnment
Weight Luiiieieeaeess 1.0 kg (2.2 Lb) h-Trimmer
Dimensions...ooveeeeas D1 79.4 x 44.5 nm (Dia 3.1 ¢ 1.8 in.)

Use the SPANNER - TR LINK NUT to
remove the nut (9).

Use the SPANNER - A/LINK to
remove the nut (11).

Hold the pitch trimmer (26) and
remove the pin (21).

Hold the articulating links (7), (12)
and (17) and remove the pin (16).
Remove and discard the cotter pins
(27).

Remove the nuts (3) and the

washers (28).

Move the pitch trimmer (26)
downwards until you have sufficient
room to remove the bolts (1). Do
not put the hydraulic hoses or the

FIGIRE  PART ot NONENCLATURE EFf. bus 2M harness in tgnsioq. If necessary,
. . _ RAssY compress the pitch trimmer (26).
0 60007036~ f::i:ﬁgk TR LINK wuT :F
0 460007036-2 -COLLAR 1 TE : If a piston-head seal has failed,
= ITEN NOT ILLUSTRATED hydraulic fluid can come out of the
Figure 2 bleeder (4)
P
R 32-11-15 G Remove the bolts (1).
Printed in France




System Description

Context Management

= From the macro view

Distinguishing the landing gear on the left-hand side from that on right-hand
side is not possible if only vision technologies are used. The ontological context

is introduced for specifying contextual information.

_/ Component | Task = Job q b

- LandingGear

L. EutensionAndRetraction

- GearsAndDoors
. MainiGearDoor
- MainLandingGear
- &rticulatinglink
----B|:|g|e.f-‘-.l|gnmentl:'|tchTrimmer
.. BogieBearmAssembly
.. ElectricalHydraulicDressing
- MLGLeg
- Pitch TrimmerContralManifold s s
- ShoreningMechanism
- SideStayAssembly

Enmpnnerl/ Task | Jab ‘ |nstnuction ‘

----- ﬂd|ustment Test

----- ﬂpprwedﬁepaus

----- Eleamng_F'amtmg

E Deactivation_Reactivation-Removal_lnstalation
B 745K 32-11-15000-401

----- - TASK 32-1-15-400-801

----- Descr||:|t||:|nand|:||:|erat|un

STorquelink 0 [ ey, oy A Ins ection_Check
aneGeaannr P
~MoseLandingGear | | Mamtenann:eF'ran:tu:e

Steering
CWheslsgndBraking S — B Serwmng
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System Description

Context Management

= From the micro view

Once a technician chooses a task, the IAR system narrows the scope of object

recognition within the given context

Component l Tazk ng/ Instruction

Compaonent l TaJLs/ Job Instruction

- [1]1 Remove the bleeder [4] together with the seal [5]. Dizcar
- [2] Put the container below the union nut of the hoze [24].
- [3] Dizconnect the union nut of the hose [24] and let the hpc
- [4] Put blanking plugz on the dizconnected line ends.

- [B] Mowe the hpdraulic hoze [24] away from the pitch timmer
- [B] Remove and dizcard the cotter ping [14) and [13).

- [7]1 Remove the nutz [13] and [19], the wazhers [15] and [20
-~ [B] Usze the SPANMER - TR LIMK. HUT to remaove the nut [9
- [9] Usze the SPANMER - A/LIME to remove the rut [11].

- [10] Hold the pitch timmer [2E] and remowve the pin [21].

=~ Job Set-up
Subtazk 32-171-15-941-050
Subtazk 32-17-15-860-050
. Subtask 32-11-15-865-050
=~ Procedure
Subtazk 32-11-15-020-051
. Subtask 32-11-15-020-050
- Cloge-up

,llBoft(W _ I/C) i o - [11] Hold the articulating links (7], [12] and [17] and remove
{ therm)’ ,} % ¥ - [12] Remove and discard the cotter pinz [27].
: : u ‘ .' i ‘ - [13] Remowe the nutz [3] and the waszhers [28].

'.\I'\ Mut(13)

-~ [14] Move the pitch timmer [26] dowrwseards until vou have £
- [18] Remowe the boltz [1].

- [16] Hold the pitch timmer [26] and remove the pin (6] and t
- [17] Remowe the pitch trimmer [26].

- [18] Remove and keep the spacer bush [22].

-~ [19] Inztall the bleeder [4].

d (10), the woshers (15)

S
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System Description

Integration

(Knowledge
Base)

1. The camera receives a real image from the aircraft, and then the AR module recognize
the object.

2. After the recognition, the user triggers an event by clicking the mouse or giving a
voice command with the display of an augmented object.

3. The Knowledge module finds related information send back to UI/UX from ontology-
based repository

4. The AR module receives the current information and displays the output of related data
and menus to the corresponding location in AR view.
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Case Study

TR LINK NUT to TORQUE e
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Case Study

Case Study - Installation

. Agply 0 thin lyer of COMMON GREASE (Materid No. 04—022) 1o thess parts: |

— the pre (B) (18 ad [21) — the bores of the pitch trimmer (2680
— the bores of the aticuding links (7). (12) axd (17) — the bores in the man fitting
— the bore of the spacer {2) — the intermdl and exernd surfaces of the spocer bush (22)

11 Hold the articuleting links (7), (12) ond (17) and remove the pin (16)
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Case Study

Authoring Tool for AR

& AuthoringHomography - [AuthoringHomography1]
[ Fle Edt View Window Database J4E 5
D™ @+ R &2 Start Manual Matching
=" ~_ Redo Last Match
Redo All Matches
Cancel Manual Matching

Caleulate H
Reset to Identity

Testing Annotations On
Testing Annotations Off

Save Al Views Homography

/i
A0k

totally (3

## ARAnnotationsEditor i 2
[ File Edit ARView ARElements Help

O H @ @ B == 2

Label Properties

Name I

Text I

[~ Position and Size

width 75
height 80
anchorx |0
anchory |

I~ fixed
—Backaround

red |1 oresn ll_ blue ll_ alpha ll

I Data/Annotations/ppt8_anim.png

Image

~Text Color
‘ 5. Irstdl the spocer bush (221 in the eye—end of the pilch frromer (28]

rea |0 oreen [o blue |° aipha [T
oK I Cancel I

|screen=(306, 1) : origin=(18, 304) relative=(258, -303) |View 7 id=8

C A,
b“
~
&
Finwes

Z;
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Authoring Tool

File  video Annotation Tool

Case Study

for Knowledge

Tast
% Fisady A STEP #2 3}
o o | sub lithe bar of the step

Click the Choose buttan to select a folder of meta filas

ik e [t ] button ta check whethes vald meta fies mastin the frider € you chaoss one,
() Trarsmittsi shemt : TSHEET.THT
&) SEML Limer guide fie : LISER_GUIDE[AMM PDF
(£ Medis contrel fie < AMM.MOF
() SGML declaraton file - SGML/AMM.SDL
@) ATA AMM DTD file : SGML{AMM.OTD
@ 8 cocument instance file : SEMLJAMM,5GM
@ A st atons entities fie ; SGMLIAMM.SGE
©0 A warnings file : SEMLIAMM.SWE
(&0 AMM cautions fie : SEMLIMM.SCE

{ 60 oM declaration fle : AMM.COL
ﬂ G oot fies : =.CGM

| Migsw Log »»
Step 2 - Check the Mets files

| sBack |

[ Chonse afolder .,

[ Cancsl

Nea-lg |

% Video Annotation Took Sl

INHA UNIVERSITY Arrtificial Inteligence |_aboratory

File

Video Player

U
00:00 / 39:19
play/pause [ set start position | [ set end position |
Ehraes irAdd itams J iiﬁamuve [7 Remove All J

C:tlsersWstylemartin'VideosW2011-01-26 13,4658 installation, WMY
|C WlsersWstylemartin®y welll-l1-2b 13.U3.0 A

deos’ R

Annotator
Task : 32-11-15-000-80
Inp e task numbe

Subtask : [32-11-15-841-050

Instruction list

SAVE
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Case Study

Demonstration Video

COPYRIGHT (C) Inha University. 2008 ALL RIGHTS RESERVED
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Case Study

Benefits

= First, the amount of preparatory work for the technician decreased by about

40 minutes.

e This reduction came from the following areas: printing the AMM, checking the
availability of necessary equipment, referring to instructions and related
information.

= Second, there was a decrease in the actual repair time.

* The technician finished a given task about 30 minutes faster by using the IAR

system than by taking the manual approach.
= Accordingly, about 30% of the total working time was reduced (From 240

minutes to 170 minutes).

= Finally, the TAR system was useful for the engineer as a simulator for
aircraft maintenance work at the task level after the engineer completed

basic training.

1],; INHA UNIVERSITY Artiﬁcial ntelligence Laboratory USC 1 9




Conclusions

Conclusion and Future Work

= A unified framework for AR and Knowledge to provide the specific context-

based information to maintenance engineers

* Context-aware camera views to execute specific technical instructions on real-time

basis

e Unified and summarized views for the integration of maintenance resources such
as videos, photos, links, and figures, and other resources with manuals according to

the current AR context
= AR and Knowledge Graph are complementary each other.
Natural UI/UX for KBS
Context-aware for AR

= Deep Learning for Image Recognition and Tracking for AR

2\ }; INHA UNIVERSITY A\rtificial Intelligence Laboratory UsC 20




Conclusions

Conclusion and Future Work

= A unified framework for AR and Knowledge to provide the specific context-

based information to maintenance engineers

* Context-aware camera views to execute specific technical instructions on real-time

basis

e Unified and summarized views for the integration of maintenance resources such
as videos, photos, links, and figures, and other resources with manuals according to

the current AR context
= AR and Knowledge Graph are complementary each other.
Natural UI/UX for Knowledge
Context-aware for AR

= Deep Learning for Image Recognition and Tracking for AR
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