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Abstract

In March 2001 we startedto collectthe CMU Motion of Body (MoBo) database.
To datethe databaseontains25 individualswalking on a treadmillin the CMU 3D
room. The subjectgperformfour differentwalk patterns:slow walk, fastwalk, incline
walk andwalking with aball. All subjectsarecapturedusingsix high resolutioncolor
cameradlistributed evenly aroundthe treadmill. In this technicalreportwe describe
the capturesetup the collectionprocedureandthe organizatiorof thedatabase.
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1 Intr oduction

In generallocomotionis the procesdy which ananimalmovesitself from onegeo-
graphicpositionto anothe{14]. In contrastto the majority of mammalswhich move
on four legs, humansarebipedal. The bipedallocomotionappeargo be simpler, yet
it requiresgreatemeuralcontrol. Humansthereforespendup to the rst 15 monthsof
their life acquiringthis skill. While the basicpatternof bipedallocomotionareiden-
tical betweenhealthyhumans,individualswalk differently The humangait depends
onamultitudeof factorsincluding physicalbuild andbodyweight,but alsoheelhight,
clothing andthe emotionalstateof mind of the walker. Neverthelesghereis ample
anecdotakvidenceaboutpeoplebeing able to identify acquaintancesnly basedon
their mannerof walking.

Moststudiesonhumanocomotionhave beenconductedrom abiomedicalpointof
view [1]. Recentlytheresearcltommunityhasbegunto investigategaitasabiometric
[4]. While thereis arich body of work describingcomputevision systemdor model-
ing andtrackinghumanbodies(se€g[7] for areview), only afew publicationsdealwith
the problemof automaticallyidentifying peoplefrom the way they walk [13, 11, 5].
Similarly the knowledgeaboutthe humanperformanceon this taskis sparse A num-
berof studiesfoundthathumansanrecognizegenderfrom gaitat greatetthanchance
level [10, 3, 6]. Thework by Sterenageet. al. [15] suggestshathumansareableto
learnthe gait characteristicef individualsunknown to them. However, mary of these

ndings arebasedn asmallnumberof subjectslt is notclearhow theseresultsscale
to largerdatabases.

To advanceresearclon humangait asa biometric,we collectedthe CMU Motion
of Body (MoBo) databaseTo date,we recorded?5 subjectgperformingfour different
walking actwities on a treadmill. We usedsix camerasvenly distributedaroundthe
treadmill capturingmore than 8000 imagesper subject. The sequenceareeachll
second$ong, recordedatfull framerate(30frames/second)lablel givesanovervien
of the collecteddata. Figure 1 shavs all six views of the databasewith extracted
silhouettes.

Walking Indoor
Location Treadmill

Subjects 25
Views 6
Synchronized Y
Walk styles 4
Sequencéength[sec] 11
Pixel height 500
Framerate[fps] 30
SizeuncompressefisB] 175
SizecompressefiGB] 9.9

Tablel: Overview of theMobo database.



Figurel: All six views of the CMU MoBo databasevith correspondingilhouettes.

An openquestionremainson biomechanicadifferencedbetweenovergroundand
treadmillwalking. So far no conclusve resulthasbeenreachedwith studies nding
difference$12] andstudiesreportingminimal or no differenceg2, 8] betweerthetwo
conditions.

In the reminderof this reportwe describethe setupof the captureapparatusthe
captureprocedureandthe organizatiorof the database.

2 Capture Setupand Data Collection Procedure

2.1 CameraSetup

Humanlocomotionis a complex processthat involves nearly all the major parts of
thebody. Thevisualappearancef the differentbody partsis view dependentvhich
makescapturingof thecompletehumarbodyadif cult task.We wereableto adapthe
CMU 3D Room([9] to capturemultiview walk sequenceslto keepthedatavolumeper
sequenceat a manageabléevel andstill be ableto computea full 3D reconstruction,
we determinedhatsix camerasvenly distributedaroundthe subjecton the treadmill
aresufcient. The camerasare high quality (3 CCD, progressie scan)Sory DXC
9000's. Theresultingimagesare640x480in sizewith 24-bit color resolution.As the
subjectsn our databasarespatiallymoreor lessstationaryon the treadmill, we were
ableto capturea highresolutionimageof the person.Furthermoreall thecamerasre
calibratedandsynchronized.

Figure 2 depictsthe position of the cameraswith respectto the treadmill in the
room. Figure3 shavs a panoramioview of the 3D room.
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Figure2: Camerasetupin the 3D roomfor thedatacollection.

Figure3: Panoramicview of the CMU 3D room.

2.2 Capture Procedure

We instructedeachsubjectto wearlight coloredshoego facilitatethetaskof segment-
ing the feetfrom the black treadmill. In orderto obtaina wide spectrumof different
gaitseachsubjecthadto performfour differentactiities on the treadmill: slow walk,

fastwalk, incline walk andwalkingwith aball. Priorto therecordingthesubjectavere
giventime to accustonthemseleswith walking onthetreadmill. Most of the subjects



hadno previous experiencen exercisingor walking on a treadmill. Neverthelesghe
majority of thesubjectsndicatedthatthey feel comfortablewvalking onthe device after
practicingfor afew minutes.Thesubjectaverethenrecordedn thefollowing order:

Slowwalk

Thespeedf thetreadmillwasadjustedo beatacomfortablevalking speedor
the subjectsFigure4 shavs examplesfrom all six cameras.

Averagewalking speed2.06 mph

Fastwalk
Herethedirectionsaskedfor afastbut still comfortablewalk.
Averagewalking speed2.82mph

Incline walk

Thetreadmillwassetto themaximuminclineof . Thespeedvasadjustedo
be comfortablefor theindividual subject.Figure5 shavs exampleimagesfrom
all views.

Averagewalking speed:1.96mph

Walking with a ball

Finally thesubjectsvereasledto holdaball in front of theirbodywhile walking
at a comfortablespeed.The objective behindthis sequencevasto immobilize
thearmsandanalyzehow this affectstheir gait pattern.Figure6 containsexam-
ple imagesfrom all cameras.

Averagewalking speed2.04mph

Onaveragehecompleteecordingsessionookaboutl5 minutespersubject.Each
sequencés 340frameslong, recordedat a speedf 30 framespersecondDuring this
11 secondperiodwe cantypically obsere about10 full gait cycles. We record8160
imagesfor eachsubject,totaling morethan7 GB of data. At the beginning of every
recordingsessiorfor eachsubjectwe capturea backgroundmagewith eachcamerao
facilitatebackgroundsubtraction With 25 subjectscapturedhe databasés aboutl75
GB in size(uncompressed)}igure7 shows 15 imagesof a fastwalk sequencevhich
spandalf awalking cycle asseenfrom the sagittalperspectie.

For eachsubjectwe alsorecordeda numberof basicinformationsincluding: sex,
age,weight,andthetreadmillspeedor thedifferentwalking sequences.

3 DatabaseOrganization

3.1 Available Images

We storethe databasen two formats: uncompresseth PPM format (175 GB) and
compresseih JPGformat (9.9GB). We also provide the body silhouettesor all im-
agesextractedusing simple backgroundsubtractionand thresholding. Note that the
extractedsilhouettesarenot particularly clean- silhouettescancontainholes,the sil-
houetteboundarycanbe interrupted,and staticbackgroundpixels canbe mistalenly
included.Figure8 shawvs onesilhouetteexamplefor eachsubjectin the database.



Figure5: Incline walk sequence.



Figure6: Ball walk sequence.

CalibrationinformationascomputedisingTsai's [16] algorithmis availablefor all
six cameras.

3.2 File Structure

The CMU MoBo databasés organizedasa collectionof imagesfor eachsubject.The
subjectsareidenti ed by their unique5-digit subjectlD. For eachsubjecttheimages
arestoredin subdirectoriesiccordingto the differentactiities “ball”, “f astWalk”, “in-
cline” and“slowWalk”. Thebackgroundmagesarekeptin aseparatsubdirectoryln
therespectre subdirectoriesheimagesarefurtherorganizedaccordingo thecameras
they wererecordedby. The camerdabelsarevr03.7, vr05.7, vr07_7, vr13.7, vr16_7
andvrl7_7 asshown in Figure2. Table2 illustratesthe organizatiorof the database.

4 Obtaining the MoBo database

Detailedinstructionson how to obtainthe MoBo database&anbe found on the HID
projectweb page:http://www.hid.ri.cmu.edu under‘databases”.



SubjectiD | Activity View Images
im25.03292400.ppm
im25.03292401.ppm

vr03.7 )
ball im25.03293509.ppm
vr05.7
04006 vro7.7
vrl3.7
vrl6.7
vrl7.7
slowvWalk
fastWalk
incline
bgimage

Table2: Organizatiorof the CMU MoBo database.

5 Usageof MoBo imagesin publications

We askthatonly imagesof the following subjectsareusedin publications:
040020400604013040150407104086
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Figure7: Half of afastwalk cycle seenfrom cameravr03.7.



Figure 8: The CMU MoBo databasecontainssix simultaneousnotion sequences
of 25 subjects(23 male, 2 female)walking on a treadmill. The 3CCD progressie
scanimageshave a resolutionof 640x480. Eachsubjectis recordedperformingfour
differenttypesof walking: slow walk, fastwalk, inclinedwalk, andslow walk holdinga
ball (toinhibit armswing). Eachsequencés 11 second$ong,recordecat30framesper
second.More than8000imagesarecapturedoersubject. The gure shaws silhouette
exampledfor all subjectsn thedatabase.
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