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Abstract. In the past decade, accelerometer sensorauthentication tasks or the system can be assoeiate
became small enough to embed in mobile devices thpersonalized gesture vocabulary for its user.
people are using every day. Thus, arm movementarizc

attractive to control mobile games and game corssole ; . )
contains valid gesture-words that we want to retzsgn

However, there is no widely-used gesture-vocabufary : X
controlling devices and gesture recognition is notThere is no standard vocabulary, so the users toadefine

standardized. Furthermore, there is no widely-atedp the trajectory and the meaning of the gestureschvtiiey

benchmark for measuring performance of the devellopeWamt to use for the interface. Thus, the desiredirand

gesture recognition methods, and it is impossibldecide can be e;e;cuted tas: rzsult ofbthle petrformecf_f@;slgtere
objectively, which gesture recognition system iseloeghan 5 a r|1ee 0{ a 3?” ark vtohca ulary to 5|rtr_1p Iy V. em
another. We present how to effectively build a herark evelopment and to make the user interaction easier
database for gesture recognition systems, and we Developed gesture recognition methods require a dat
developed a data collection application which shnsgthe set that contains adequate number of gesture-sarfipie
measurement process. We collect data for 23 gesturdifferent persons. Until recently, the researchease not
words by Nintendo Wii Remote and HTC Touch Diamongublished the collected gesture dataset that wad &or
devices. We recruited 30 people to participate in @ata  training phase and performance evaluation for their
collection task and they produced the largest gestu research. In addition, gesture recognition lacksarge
recognition database to date. published database so the researchers have te dhesit
own dataset. The data-collection procedure indude
recruiting participants who are performing gestures
accelerometer data recording, storing labeled gestu
Keywords checking the correctness of the data samples. Ttasge
Benchmark database, Accelerometer-based gesturequire precise work, which take a lot of time.
recognition

Gesture recognition tasks require a vocabularygckvhi

A large published database, which contains data-
samples from different users helps to develop diffetype
) of methods for gesture recognition. This database e
1 Introduction used for benchmark, what allows to an objective

Gestures have recently become popular as naturafarformance comparison of the developed methods.

interfaces for game consoles and mobile phonesserhe Our contribution is two fold. First, we provide a

devices contain small accelerometer sensors, whah general gesture vocabulary which can be used ffereit

become an inexpensive tool in our days. tasks if we assign meaning for some of the gestures
Arm movements are attractive to users to contreir th Second, we provide a reference benchmark dataiaeh

games or mobile applications so that is why sorseaeeh can be used to objectively test different methods.

aims to develop segmentation methods that can nexmg In this paper, we discuss how to effectively buld
gestures in real time, what makes the interfaceematural large benchmark gesture database that can be wsed f
for its users. The procedure can predict the béminand  different accelerometer based tasks such as gesture
the ending of the performed gesture from acceleteme recognition, user-based recognition and segmentatio
data. Section 2, we review the developed accelerometseda

User-based recognition purposes to identify userEjethOOIS and their challenges. In Section 3, weepskean

fom unique marks of the perfomed gestre. THBOICAOn, W mekce e data colecton, mor
procedure can be useful to multi-user environmdats ’ 9 g y
structure that was used for building the benchmark

database. In Section 4, we discuss the circumsiante
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data collection and analyze the recorded data-gmmpl online on the internet, which includes their reeatd
Finally, in Section 5, we present the collectedadat and gesture sample and the developed methods.

we discuss our future works. Data collection can be a difficult task. Therefeoene

researchers [1] tried to shorten the training phasth
duplicated gesture data. To duplicate the recogieiure
2 Related Work data, the researchers added Gaussian noise tathses.

Researchers published a lot of methods forTh|s approach is not good for a reference datalesmuse

L the tested procedure could learn the distortionjt szan
accelerometer-based gesture recognition in the {east acquire higher performance than the real prediction
decades, such as Hidden Markov Model (HMM) that is quire hig P P

- . " - capability.
widely-used in speech-recognition and gesture-neition
in accelerometer-based systems. Up to this day, the researchers of gesture-recognit
have not determined the objective performancestaite
Thus, the published or unpublished system impleatemt
can not compare by performance values. This problem
mentioned by other researchers of activity recogmif6].

Researchers from VTT of Finland classified [1] the
types of the gesture recognition systems from wifie
aspects. The purpose of user-dependent systenugetthe

interface by one person. This condition is accdptdbr :
mobile phones. User-independent interfaces appiguti- The Pervasive 2010 Workshop papers agreed tha the

user environments such as game consoles. In dascreaiart]ﬁsgnforr;:;l%herpsa{g g]]érzhae’; %X;?n:v;:ésimp "’%TS
gesture-recognition, the beginning and ending aftge- ) 9 - a9 tmks_n

i ; . camera-based gesture recognition. The workshopaitss
words is defined by a button press. In continucestue- ; X

o o : to collect the researcher’s data sample and shihethe
recognition, it is not necessary to sign the gesthecause

) . : community of video-based gesture-recognition.
the system automatically recognizes when it occurs.

. . . Our work focuses to build a public benchmark
Gesture-segmentation aims to recognize gesmr%fccelerometer-based gesture databas%, which cengain

patterns from the accelerometer sensor data-stssathe large gesture-vocabulary. To use this database as a
system can qontinuously rgceive gesture-commandgénchmark’ we collected .data continuously, which lba
gg\r/]alrt\rt]aegebg;itnhrlﬂsngme;?](;d ;23: n'; tt;? ;Jhseer ;(;?d:::\fetg e ntused for segmentation methods and we recordedrgsstu

. . - Ofrom different users and different accelerometeisses.
manually. To solve this problem, Schiémmer applie
threshold filters [2] to eliminate the accelerativalues,
which are not part of the occurred gesture. Presdépc . . .
analyzed [3] the collected data and determinedsrate 3~ Data recording application

segment gestures automatically. These rules use the Creating a reference database requires a larqaraest
duration of the gestures and the changing of th?/ocabular gnd a lot of participants \?vho are gmg
acceleration values. y P b ! Heniag

the arm movements repeatedly. Each participant thas

There is no widely-accepted evaluating procedure foperform hundreds of gesture because of the largeuge
segmentation methods so far. To solve this probkantg- dictionary and the repeated gesture-words. Thezeftata
segmentation methods require a different data-samplcollection task can be an exhausting procedurewso
which contains the whole measurement from the pexdd  wanted to automate its processes. Thus, we camnrdreco
gestures. This dataset also contains informatiamutathe adequate number of gestures in shorter time.
beginning and ending of the gesture-words, so e has
to sign these events. This information can be dsedhe
testing phase.

Technical parameters of accelerometer sensorsean b
various for each sensor and the researchers uffededt
type of sensors for their studies. These paramsterls as

Most researchers have not published the developegknsitivity, number of axis, quantization and samngite
methods and the collected gesture dataset, whashubked can be important for the gesture-recognition system
for training phase and performance evaluation fairt Therefore, containing accelerometer data from diffie
research. However, they have tried to compare thmobile devices is an expectation for a referenteldese.
prediction results [4], [5] with other publishedsuits [1] . . .
by e descrbed number of gesuresamples ang,  To IPENE e 9°RLe recoring ks o reseng
performance results. This comparison is not objecti ' P pp

because the researchers used different data samptes ﬁztsa-t%?ggcurr?;ih (f?Jl;rct?OF:]‘)Sllcla:E:’g?' itcfgggiv';ﬂ:?curalﬁfesr
accelerometer sensors. : :

data and controls signals from different mobileidey via
Researchers from the Rice University [4] haveBluetooth interface. The second function is to infahe
published their own gesture database. This is dingekt participants about the measurement tasks. Thisnretion
published data set so far, which contains 4480ugest is a short video, which describes the arm movenaeiit
sample from 8 participants. Researchers from theictogram of the gestures. The third is to stoeedbllected
University of Augsburg [5] have created a geste@hing accelerometer data in labeled-gesture form in abdese.
environment for Wii remote. This application is dable  The reference database was created in Microsoft SQL
Server environment. With these functions, the appibn
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allows to record gestures automatically. Thus, ves c entity is similar to Segment, but each Measure aiost

effectively collect hundreds of gestures from mapants data from the whole measurement of 10 same gesture-

within a short time. words by one participant without segmentation
information.

3.1 Gesture vocabulary USER Gy

There is a lack of a standard gesture dictionarye e
gathered together the published vocabularies intarge
gesture dictionary [1]. The created gesture vocalyubf
23 gesture words as is shown in Fig. 1. . The ddfin
gestures are limited to only one plane. The aubh¢t] has GESTURE DESCRIBE
already determined meanings of the gesture-words to N
control a VCR. Their gesture-vocabulary consists 8of @@@M’D

gestures (see Fig. 1. 1-8). We adopted 9 gesturdswo
from [8] (see Fig. 1. 9-17) and 6 gestures from(f¥e Fig.

1.18-23). — : > DEVICE

!

:
'

#

1.play 2.stop  3.right 4. left 5.up 6. down 7. fast forward Y VY
MEASURE —(M_1) (s10H SEGMENT
A A y
8.fastrewind 9. right down 10. leftdown 11. double arch I
BEGIN BEGIN
Q 1Y W ,
14.E 15. right triangie 6. ieft triangie 1 DATASTREAM
I:I—,
i i (oo @@@( TIMESTAMP )
Fig. 2. E-R diagram of the benchmark database
18. leftarch 19 right arch 0. 22.U 23.P

e Z M ’ ‘ 4 Data Collection
Data recording requires a person, who supervises th

measurements of the gestures. The supervisor’'ssjdb
show for the participants how to hold the mobileide in
hand, to prepare the MeasureGesture for data riegoatd
3.2 Data structure to control the developed application, when the ipigant

makes mistake during the arm movements.
The designed schema allows storing data from 3-

dimensional acceleration vectors, participants, itaob Process of the measurement (see Fig. 3) consists of
devices and gesture labels. The MeasureGesturessiine  iterative tasks such as to record each repeatedrges to
collected accelerometer values in raw form, so thélescribe and record all gesture-words. These tasks
researchers can execute arbitrary data transfarmati occurring frequently during the measurement sc inot
methods on the benchmark. The application alseestar Practical to schedule manually.

logical timestamp for the sensor data. This infdiamacan
be useful for data preparation methods such askiigec
sample rate, checking duration of the recordedugestand
the researchers can also use for their studies. B-Re
diagram is shown (see Fig. 2).

Fig. 1. 23 gesture-words of the gathered gesture vocabulary

To make the data acquisition more effective,
MeasureGesture schedules these processes (on Fig 3.
Change device, Describe gesture, Record gesture)
automatically so it simplifies the supervisor’s jdihus, the
application allows to finish the measurement in rgfro

Segment entity represents the recorded data arine.
shows which gesture was performed by which pagitip
and by which mobile device. Each segment determénes
data-vector series, which are the measured acoedteo
values during the performed arm movement. Thesa- dat
vectors are ordered by time.

Data structure also allows to query the gestures
without segmentation information, which can be ukér
developing or testing segmentation methods. Measure
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Initial phase

e Preparing for measurement 12
e Explain instructions

10

i

Change device
e Turnon
e Holdin hand properly

Participants

O N b OO

Describe gesture
e Play video

« Show pictogram <« 1213151820222326314548535557

Age

Record gesture
e Press device button
e Perform arm movement Fig. 4. Age of the participated people
e Release device button

4.3 Statistics of collected data

The collected benchmark contains 13800 gesture
samples, 460 from each participant. Each gesturehigo
represented with 600 samples in the benchmark.

We analyzed the duration of the measured gestlires.
took 28 secd = 9.789) on average (see Fig. 5.) to measure
a gesture-word with 10 repetition.

Fig. 3. Block diagram of the measurement. The described
measurement consists of 10 repetitions of 23 gestur The recorded gesture-words of the vocabulary (see

words by2 mobile devices. F|g 6) tOOk 1.3 sec (5( = 0513) on a.Verage. The
measurement of 460 gestures took 25 minutes oragee

. . with 2 devices. The author of [2] recorded 75 gesst in

4.1 Circumstances of the data collection 15 minutes on average so our developed applicatéaily

The data recording employs Nintendo Wii RemoteShortened the data collection task.

and HTC Touch Diamond mobile phone as 3 dimensional  To compare our collected database with other works,
accelerometer sensors for collecting gesture ddta.Wii  we summarized the parameters of the collected sktm
remote and HTC sensor worked with 100Hz and 25Hgsee Tab. 1.) , which was used the researchershér
sample rate and 3g and 4g sensitivity. studies. It can be seen on Tab. 1. that we apjylied
thelargest gesture-vocabulary and we collected thgekr

The participants were standing during S
gesture sample by 30 participants.

measurement and each participant held the devidben
same way. Participants had to hold a button ordéwce
while performing a gesture. There were no congisaim

the ar_nplitudes and dynamics of the arm movementleso Time needed for measuring 10 gestures by
participants performed the gestures comfortablychEa 1 device
participant repeated 10 times the 23 gesture-waitts 2 100
mobile devices. The participants understood edk#éytask = 30
of gesture performing by the short videos. é €0 I
o g 40 hl

4.2 Participants 8 20

We collected gesture data from 30 people to ciate € 0 ”I bl
reference database. They are 15 females and 15 made 0 10 20 30 40 50 60 70 80 90 100
aged 12 to 57 (see Fig. 4). Most participants are
undergraduate students. time (sec)

Fig. 5. Histogram of the duration of 10 repeated arm
movements



POSTER 2011, PRAGUE MAY 12

. . We will share the database with the community soon
Time needed for recording 1 gesture and we will determine performance-criteria for
sample benchmarking gesture recognition systems.
800
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