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Design & Implementation of a Motion Capture
Database Based on Motion Ontologies

Hyun-Sook Chung*

ABSTRACT

A framework for semantic annotation of human motion sequences is proposed in this paper. Motion
capture technology is widely used for manufacturing animation since it produces high quality character
motion similar to the actual motion of the human body. However, motion capture has a significant
weakness due to the lack of an industry wide standard for archiving and retrieving motion capture data.
It is difficult for animators to retrieve the desired motion sequences from motion capture files as there
is no semantic annotation on already captured motion data. Our goal is to improve the reusability of
motion capture data. To archive our goal first, we propose a standard format for integrating different
motion capture file formats. Our standard format is called MCML (Motion Capture Markup Language).
It is a markup language based on XML (eXtensible Markup Language). The purpose of MCML is not
only to facilitate the conversion or integration of different formats, but also to allow for greater reusability
of motion capture data, through the construction of a motion database storing the MCML documents.
Second, we define motion ontologies that are used to annotate and semantically organize human motion
sequences. This ontology-based approach provides the means for discovering and exploiting the
information and knowledge surrounding motion capture data.
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filetype #PCDATA
datatype #PCDATA
filename #PCDATA
version #PCDATA
skeleton_name #PCDATA
units #EMPTY

num_segment #PCDATA
num_frames #PCDATA
dataframe_rate #PCDATA
euler_rotation_order #PCDATA
calibration_unit #PCDATA
rotation_unit #PCDATA
global_axis_of_gravity #PCDATA
bone_length_axis #PCDATA
scale_factor #PCDATA

// mass, length, angle £4 7FAch
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<skeleton>
<root order="Tx Ty Tz Rz Rx Ry” axis="XYZ" position="0.00 0.00 0.00"
orientation="0.00 0.00 0.00"/>

<bone id="1">
<name> hips </name> <offset> 0.00 0.00 0.00 </offset>
<channels num="6"> Tx Ty Tz Rz Rx Ry </channels>
<bone id="2">
<name> torso_l </name><offset> 0.00 4.21 0.00 </offset>
<channels num="3"> Rz Rx Ry </channels>
<bone id="3">
<name> neckl </name><offset> 0.00 17.08 0.00 </offset>
<channels num="3"> Rz Rx Ry </channels>

a8 2. MCMLZ 71&E 7H2/8 skeleton®} &t il
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MCML® ZE AAEQ <meml>L 1 3¢l
<meta>, <header>, <skeleton>, <motion> @3
HEEZS s

META del9E, meta A2 AEE 84 519 Lz
HEE JIA 12 9o MCML £ 59 wetso]

E 1. MCMLoll Hel®l 7H2lef ZHEA| o|STt ci2 Zoiel A olFztel oflatA|

MCML ASF/AMC BVH(1) BVH(2) HTR
1 root h_root root root undefined
2 head h_head(head) head head head
3 neckl h_neck1(upperneck) neck neck undefined
4 neck?2 h_neck2 undefined undefined undefined
5 left_shoulder h_left_shoulder(Iclavicle) leftcollar Ishoulderjoint  undefined
6 left_up_arm h_left_up_arm(lhumerus) leftuparm lhumerus lupperarm
7 left_low_arm h_left_low_arm(lradius) leftlowarm Iradius Howarm
8 left_wrist (lwrist) undefined undefined undefined
9 left_hand h_left_hand(lhand) lefthand lwrist lhand
50 right_toe_two h_right_toe_two undefined undefined undefined
51 right_toe_three h_right_toe_three undefined undefined undefined
52 right_toe_four h_right_toe_four undefined undefined undefined
53 right_toe_five h_right_toe_five undefined undefined undefined
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E 2. 3 HO|HE 7|&st7| #igt MCMLE| el EE o ofE Hiole Zoie| of2fo{te| ofigiaix|

MCML ASF/AMC BVH HTR
motion motion
2 frames frames
3 frametime frametime
frame frame frame
Attribute: Attribute: Attribute:
frame - #Fr frame#
. . Tx Tx Tx
4 Attirébute. Ty Ty Ty
Tz Tz Tz
Rx Rx Rx
Ry Ry Ry
Rz Rz Rz
frame_bone
Attribute:
name
Tx
5 Ty
Tz
Rx
Ry
Rz
HE 7|&8th meta A2HEY FEE 1Y 394 € YehY duration dB|HEE A T e 4
Rojx glth g A7+ YErAY category A HEE £79] 7}
title IBHE= MCML ¥4 g Folz A& BaiE(of: Ax % olF, A7t 4534 F)E 7
ol9 creator Y HEE A 73 ol md& %3le Roltl. category, subject, title B3 74X
A% Abgolu Z13-E BEh subject AYUEE toly #YS steinaiEe A 2 A5 9
24 A dole #de AP 3ol ti F4 ARE-Hr),
(o 9, & B)ol™ description ABHEE 3 HEADER ¥28|YE, header A HEE 15709

o) thak Aoe 7lesle 2ol format AFYHEE 39 dYHEZR FASA o 33 4o o F
ASF/AMC, BVH, HTR 59 =4 74 diolg] X 25 Hol3l )t meta L HES} B header 4

<! ELEMENT meta (title, creator, subject, description, date, format, duration, category)
<! ELEMENT title #PCDATA)>

<! ELEMENT creator (#PCDATA)>

<! ELEMENT subject (#PCDATA)>

<! ELEMENT description (#PCDATA)>

<! ELEMENT date #PCDATA)>

<! ELEMENT format (#PCDATA)>

<! ELEMENT duration (#PCDATA)>

<! ELEMENT category (#PCDATA)>

8 3. MCML dlEteole{e] 7=

! ELEMENT header (filetype, datatype?, filename, version?, skeleton_name?, units?,
num_segments?, num_frames, dataframe_rate, euler_rotation_order?,
calibration_unit?, rotation_unit?, global_axis_of_gravity?,
bone_length_axis?, scale_factor?)

A

13 4. MCML headerdz|BlEe 3=
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fHEE MCML 349 diolH E5A4E 71&3s17] 9 frame_bone YA
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EE 7HAY, 3119 frame_bone
| Qe FEaA] Ho] & 33

SKEILETON d#]|HE . MCMLY skeleton 47 < 7M.

HEE AYHY AFH F2E PP 1Y 5°ﬂ

skeleton AEHE S = AR T2 Holx Ut 4. B 282X T |3 HAH
root HHEE AHE AF 72 F2 A8
Ei*i axis®} orderd gL 7] LA RE =& B4 3A HelHAdA 53 =Y 70y 2R
9] 9 X8 Yetdth position $492 FE E2Ye aRHo g A diMe UA 43 =
tﬂ%a Vel orientation —-‘TM < Aod gAY FHE v ohS 2 P HAE S 53
skeleton AERVEE st} = 2 0]49] bone 42 ™ (motion description)& 7]& 8ot gt} T2t o
AHHEF 2t3 3129 bone ¢ 111 HEE JHEHY oJE 8] ¥ FHE Wi 2 Yl HAE d¥ES
AZ T2E FYst7] fs) 2 sl &3doz Posle o w 09 74 2 GAH3(segmen-
bone AHHEE 717t} tation)¥} &3} (stratification) 71 o] AH10]. o]

name AHES] GoRE T 1o] Fog MCML  WHHSS vt HolHdA FREL Uy 2 %

B8 gL sl&sioio} Bt Wol YoE 4Ye FEdt Aoz HYe AAg
MOTION & HE, MCML motion AYHEE A3 AHEHATH

3} ol4e) frame AAWERZ FAH 3o SHs Slge B DU PEes A5

frame VEUEE Z} AHA o Zd A& F3ich T2 Holg oA A1) a2 we} AARA Y E

motion Ve|HE 9] =¥ F2E 18 69 e} 5H3AU dA9 A £EE ¢ oS 7 9H

Y Ao (segment)oll T2 HANSIE FEL 7&she Wy
frametime QT RET} 7 T YF A8 A7 olth. F43 7L ©Hs sy 2 oy &

vk frames %‘ HEE = de $E T (stratum) 2.8 HAA T2 £&& 3 b 274

frame YR EE skeleton AHAENA Fold 2t HAE AR 7Este Aot o 7Y ¥EAHY
#EA o A4S U7 A3 s e 1 0] Mg MEE Bo FAF ME7tA] o2 304

<! ELEMENT skeleton (root, bone+)>
<! ELEMENT root EMPTY>
<! ATTLIST root order CDATA #REQUIRED

<! ELEMENT bone (name, direction?, length?, position?, axis?, order?, dof?, limits?,

<! ATTLIST bone id ID #IMPLIED>

axis CDATA #REQUIRED
position CDATA #REQUIRED
orientation CDATA #REQUIRED>

bodymass?, cofmass?, offset?, channels?, bone+)>

23 5. MCML skeleton de|HES| £

<!
<!
<!
<!
<!
<!
<!

ELEMENT motion (frames, frametime, frame, motion_name#)>

ELEMENT frames (#PCDATA)>

ELEMENT frametime (#PCDATA)>

ELEMENT frame (frame_name, frame_bone+)>

ATTLIST frame id ID #IMPLIED>

ELEMENT frame_bone EMPTY>

ATTLIST frame_bone name CDATA #REQUIRED
Tx CDATA #IMPLIED Ty CDATA #IMPLIED Tz CDATA #IMPLIED
Rx CDATA #REQUIRED Ry CDATA #REQUIRED Rz CDATA #REQUIRED>

a3 6. MCML motion ¥2|HES| =
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segment 1 segment 2 segment 3

a) ©HH 3H(seamentation} 2|8

straturn &

straturn 4 stratum 5

straturn 1 stratum 2 stratum 3

b) & &3k stratification) €

54 BAE @ 5 doe 3L A g0} gon = AF Aol 9 T2 s
2E QB S UL T G A ALSE pE2ATE 74 o8l 49 52
¢} 3 tlolH & a4 Zata A= glolA 2EZA]] FX 2EZ A(reference ontology)%} &
A B8 A dd ALEd FuA B4 Ao FAMEZ 7ED X W LEEASE Ur
HALE 7|Eso st BAE M old@ BAE oWtk 57 Jl¢ LEEAL 2 2AEE oY §
HZr] Al B =Rl EH 2EEA A4 g 2Fsln 7 5548 ZAElE EFE $95 49
ZHAHNAE Ao} g5t 9lom E2 8o]E xlolo) ‘is-a’ ¥ ‘part-of
A2 AASE ASH P2} ov)H Angd o
4.1 24 2EEX 9 7= Z JdAFHE ABBA 725 7HAG o8 Sof, 2
BH 2ERAE $4L HASHE Sol(term)®} @89 Wi 2ERX, A¥2 LERX UE LEL
&ols Aol AlF2 4 on3 dHAA=Z 949 A T2 FAEE THE & EEXMEL J52-g o
2T 22E bt 1 82 B 2EEXY A VIR $4 LERAE IuE $39L et
@y Fx25 Hojx gtk B LEEZAE AYH =EZA ot}

(knowledge layer)?} -9 % (resource layer)2 2 £ B2 7 LER A= Y5 A4 2A Fgo

{ Reference Ontology }

.f/‘ .
motion ontologies(a Se{gf‘s{]biecbbasec ontologies}
/ dance ontology /y‘/ sports ogrtology basic n?&‘\ye\mem onl:ology\

motion databasegsiorage for MCML documents)

(MOML H | i
document 1

J8 8. 2 REEX Ix
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29 AZAE 7R & £, A 2ERA

dance — jazz — walk A5 FANA walk ===

=24 dolgHo]29] dA2E 2A X MCML 3

do] B =y 7o A FY S 717tk X
Els

A EHozY dZ S 7M1 £ 3 v E Fhue
5 =27t 93 e BH 298 948 & Utk

& 71EE 2EZ A Y Fde IR LEZXJ}
Atk FZ LEZAE & /W 2EZA U F
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<topic id="walk001”>
<baseName><baseNameString>Walk backward<baseNameString></baseName>
<occurrence>
<instanceOf><topicRef xlink:href="“#description”/></instanceOf>
<resouceData>A person walking backward</resourceData>
</occurrence>
<occurrence>
<instanceOf><topicRef xlink:href="#srart-of-motion-clips”/></instanceOf>
<resouceRef xlink:href="/resources/dance_walk_back.meml#f000001"/>
</occurrence>
<occurrence>
<instanceOf><topicRef xlink:href="#end-of-motion-clips”/></instanceOf>
<resouceRef xlink'href="/resources/dance_walk_back.mcml#000214"/>
</occurrence>
</topic>
<association>
<instanceOf><topicRef xlink:href="superclass-subclass”/></instanceOf>
<member><roleSpec><topicRef xlink:href="superclass”/></roleSpec>
<topicRef xlink:href=“#walk”/></member>
<member><roleSpec><topicRef xlink:href="subclass”/></roleSpec>
<topicRef xlink:href="#walk001”/></member>

</association>
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