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The AMRA project

* AMRA : Assistance a la Maintenance en
Realité Augmentée - Augmented Reality
Assistance for Maintenance

* Started in May 2002, finished in May 2004

° A consortium of several French partners

- ALSTOM Transport (application provider)
- CEA - LIST (research center)

- LSC (university)

- ACTICM (start-up)
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Challenging issues

* Alstom Transport's maintenance activity :

- Annual turnover : x100 Meuros
- International contracts on the long term
- Operating profits based on efficiency

* Main issues

- Heterogeneity and complexity of equipment
- Lack of local experience abroad
- Mass of technical manuals (sometimes abroad)

> How to access to adequate information ?

» How augmented reality can help ?
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Overall Architecture (1/2)
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Overall architecture (2/2)
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Registration system (1/2)

Two kinds of fiducials Sy BB~

- Colored coded fiducials,
- Simple fiducials

Coded fiducials detection

- Pose initialization,
- Device identification

Iterative pose estimation

- Pose refinement using simple fiducials
- Minimize 2D projection to find R and t
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Registration system (2/2)

DO =W
e

* Processing rate
- 25 Hz (P4 - 3GHz)

* Accuracy (1 m range)

- +/-3 mm in the worst case
- +/-6° in the worst case
- always detected when slant < 60°

°* Prospects

- Marker less tracking initialized using fiducials
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Transfo

rming procedures (1/2)

REMOVAL AND INSTALLATION, MAIN TRANSFORMER
PRELININGRY REQUIREMENT:

REQUIRED CONDITIONS:
S S {FETY CONDITIGN 330501 (Refar bo WEOGZ]
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30 Lnosen al the gland nuts (11}

40 Identity, tag and disconnect the eleticaleables (1Zyfrom theirreated teminais

50 Remavethe ablestram the teminalbex (10)

50 Installthe 16 ruts (3)and washers ta laosely hold the terminal box cover (7)in
postion.

4 70 Wk sure the electioal cables (12) sannot interfere withthe removal of the

transtormer,

- Disoonnert the electrizal connections on the A side as follows

o 10 Removethe tuo selfock nuts (1), bols (1) and four washers ¢2) and disconnect the

co cable (13) fromthe Ly/mourt an the ransiarmer. Tisoard the sei-look s (1) and

20 Remavathe selflosk nut (4)and the washer (5)and dissannectthe able (7) from the
st0d 3. Discardthe sefidock nut (4).

30 Disconnect the H/busing cable (19)from thetransfomar

= Athe cable clamp assembly (163, remove the tuo bofts (1), self-osk nuts (18)
and the washers (17). Disoard the bales (16) andthe sef-lok s (12).
- Remausthe clamp assambly (15) from the HV busiine cable (19 andthe

- Removethe cap@1) fromthe HYsomnector (20
+ Removethe dead-end plug (22) and disconnectthe H\ connector (Z0) o the
buzhing on the ranstomar.
- Put the HVsonnectar 20)andhe dead-end plug (Z2) n pracective bags,
« Install  blanking oap on the busin.
= Pt the H/busine oable (19) n 3 pa=fionthat cannet intarfers uth the removal
10 Remoue afthetranstomer
cover G) O the '5 side,atthe auciary box (1), idetiy. tag and dissonnect the wo electral
connastors (1)DI3onNecttha elaancal sannactions (Ref 10 Figure 1.1.3)

"Paper” technical
manuals

2 < !'DOCTYPE procedure [

3 <!ELEMENT media [#PCDATA) =
4 <!ATTLIST media mid CDATL #REQUIRED:
5 <!ATTLIST medis mfile CDATA #REQUIRED:
& <!ATTLIST media mtype (animation3D|photo|photolugmented| comment | registraced)
3, <!ELEMENT detail (#PCDATA) >
g <!ATTLIST detail link CDATA #REQUIRED:>
9
10 <!ELEMENT note [#PCDATA) =
11
1z < !ELEMENT procedures [proc_title,pre recquirement,savailsable media, phases):
13 <!ELEMENT proc_title (#PCDATA) >
14 <!ELEMENT pre_ requirement [req conditions, tools, spares,consumables) >
15 <!ELEMENT reg conditions [safety*,caution®, note#) »
16 < !|ELEMENT safety [(#PCDATA|detail) *>
1% < !ATTLIST safety did CDATA #IMPLIED 25
1s < !ELEMENT caution (#PCDATA) >
1z <!ELEMENT tools [tool#*) >
z0 < !ELEMENT tool [#PCDATA) =
21 <!ELEMENT spares [req spare®) >
zz <!ELEMENT req spare [reference, name, quantity) >
23 < !ELEMENT name (H#PCDATA) =
24 < !ELEMENT reference (#PCDATAL) >
25 <!ELEMENT guantity [#PCDATA) >
28 <!ELEMENT consumahles [consumakhle) >
27 < !ELEMENT consumable [reference, name, quantity) >
8 <!ELENENT availlable media (media) ¥
za < !|ELEMENT phases (phase+) >
a0 < !ELEMENT phase (title?, (content|note| idmedia| phase) *) >
21 <!ATTLIST phase pid ID #REQUIRED:
3z <!ATTLIST phase fid CDATA #IMPLIED:
33 <!ELEMENT idmedia [H#PCDATA) >
34 <!ATTLIST ichedia mid CDATAL #REQUIRED:
3k <!ELEMENT title (#PCDATL) >
38 <!ELEMENT content [#PCDATA| spare|detail) *>

+

sound

"XMLized" procedures

Multimedia data

CAD model
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Transforming procedures (2/2)

* XML Markups hierarchy

1..1 .. |l..l 1..1
proc_!lﬂe pre_req available_media pHases

uiremen
*1..1?1..1 1..1?1..1 ?1..1 1..1
0..* 1..%*
1..1 1..1 1..1 1..1 --J-F-. 1..1
*req_con itions +oos spares #consuma es media phase :I
..*

+mid
1..1 1..1 1..1 1..1 1..1 1..1 +mfile
+mtype
0..* 0..% 0..*
L | too req_spare consumable — L * .
0..* 0. . 1..1 Ql--l Q idmedia
- — 0" 1.1 |12 1.1 |1..1 mid
sarety note ‘
& 1..1 1..1 .. ..
0..%
| quantity
1..1
1 1] reference — ;
"name|
1..1 1..1

- aeta|| Spare

+1ink +sid
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Augmented 3D models (1/2)

* VRML97 /| X3D standards with Java/ECMA
scripts for customized behavior,

* 3D models extracted from CAD models, need :

- Polygonal reductions,
- Scene graph hierarchy,

A human hand
is still needed

for this part !!!
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Augmented 3D models (2/2)

° New nodes for augmented reality (PROTOS)

- Graphical assistance to explain the procedure's steps

Animations Scene graph o

@ Node hierarchy/

X
@ Event routes
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Multimedia Engine

Videos Image - =| Scenario (XML)

3D Models Sound / !/4

3D animations
(VRML/Javascript)

Multimedia Engine
(Qt/Openinventor/NJS)

Video stream /{

A
Media types ’/

Registration data Operator
(position+orientation) Events
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Man Machine Interface

€ AMRA

Main Transformer electrical connectors Fi Ok ; x \u'fi[:lgl_:r

—Procedurs—

o Giraphic

) Test
4 Moice

MatsPad

Diatabage:

~ T

[Step [Content:
ST
Q- Itis necessary to remowe the hinge rail suppors to give clearance for the transformer to be removed §

A YOUMUST OBEY THE PRODUCT SAFETY DATA SHEET WHEMN WORKING 'WITH CONSUMAB
Ad Remove the side skinthinge rails as follows

L0 At the bulkhead (1), rernove the two screws (11), the two selHock nuts (10} and the fourwashers (3). D
i 20 Atthe hinge rail support (3); remove the screw (17), the seltlock nut (16) and the two washers (15)

[
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Early subjective evaluation (1/2)

* One operator : subjective questionnaire

» . ‘_k,
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e i a 4 5 a r HEF

33 COMPREHENSION DE L& SIGNIFICATION DES ANIMAT KON S

Compréhsnson de la dgnisadon desani-

- ‘matone . T 2 E] L] a T HEFR
£ i 10 Commenl Mge-uor |& chdx I MmmEs s s e e e s s lBlenlm
A e s N e L e B des coders ulllkées T
I 3 1. Commerd lugeruss s J- ‘Mmoo os e e e & e Blen
MEadsi - 5 [0 fm e om0 [ Blewe esre des il 7
- Py 12, Commenl Jugezuos I= w5 || Mmmas s - 7 o 2 & [n Blenlr
paMEaEsE - s s e e e ne [ Blem s guercemenl kmporel des arima- 1
lors 7 |
2 T i1 e P, T oY s T i 13 Conmenl lugezwos e || Mass s fe 0 o o & e Blemie |
3. Erhe |¥cmn efl Isbe sdon ‘M s (e e G del e e fBlen s repreésenialors  grapHgues
lex difrenks condl oo 1 [ | dex arimalas 7
P —— | | | | E e S o e
T2 et A ] R AR o H3F
e B
o ol - A e T e o o Y
34 COMPREHEMSICN DES ANIMATIONS EN SUPERPOSITION  AVEZ
L'ENVIRONNEMENT
32 CONFORT CIUTILISATICHN
‘Compréhsneon ds la di:nl:'luaiun'uuinl-
‘Conhrtd'ulll@dion du Tablate PC L] W 1 R e - L MEFP :l'l“!"ﬂﬂﬂ LL supsrpo e don L] e - M et (T 0l O NEF
& Commenl  hgezuos e Mumss -~ o ;o | e & Lo [Blenle Fenwionnamentrsel P :
ool des raires T | 14 Commenl ugeT-uos 13 JAn- ‘Mams: -~ s om e s ;o (Blenis
LI A T ThasaF ) 1 1 : 11 dess caders e supema-! 1
5. Commenl - hpezwos e MEsds ~ S o o e fe e Bl L
Lt I:::\:- e l'=radnrremenl E
B, ﬁ':;":nl Juge zwow - b By pned AR ol E08l EoB Lol So0l 12 _Blmér 15, Commen| gezuous ke rataF | Mamas ~ o~ oo le e e e [Blen s
: chisremenl des armalas eu |
o P LR 5 & e i —Ce. 3 | Egard A morede réy T Il
L Em'ztgi I ey G R Sl = ol ol S e 5. Canmen| g ezuss 12 dni- i Memms ~ e e e s & e Bl e
it ST S i T - - . - I -des e Dae = S upemp e o
2. Commer] ugezusr |a po- MEmss 0 S o (5 e e e TBlenn e o e rorreE e il ril T
:";__.lt B por)- i Table (B 17. Conmen| KgezecE |acan- | Masms — m e le o |& e (Blenln
i prérerslon de la sgnficala |

Workshop IAR -Vienna — 05 Oct 2005 14/17



Early subjective evaluation (2/2)

) . Comfort
* First results %

Animations understanding

Visual rendering quality

Tablet-PC Interface

Benefit of using AR
* Recommendations

Real/Virtual Mixing understanding

- use of visual hints for spatial positioning
- tablet-PC too heavy, use of pocket-PC recommended,

- touchscreen and stylus pen not recommended for
maintenance environment.
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> A real need of extended field studies !!!

Conclusion

Prototype fully operational,

Real-time registration,

Lightweight XML description of maintenance

procedures,

Database customization for AR
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Future works

* Alstom : AR media integration in technical
database (TrainTracer)

- speech recognition for browsing,
- use of VRML/X3D models,
- use of XML specification for maintenance procedures.

* LSC : investigating optical see-through
systems and architecture for AR systems

* CEA : more ergonomic studies and registration
on embedded systems coupled with cameras
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