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Abotract
This paper presents a matching method for head ges[re identification in a query-based
interface. Head gesture identification has been achieved by various methods; DP
matching; hidden Mar.kov model, and so on. The aims of ttrese conventional methods
are dealing with general gestures at arbitrary moment. On fte contrary, in ow purpose,
the timing of a gesture or what ges&re will be made are predictable to some extent.
The main purpose of this research is to realize an interface under variety of conrlitions,
in flexible sitratims every time, and every'where, for example, during walking around.
In our system, there re two levels of anticipation features. The one is modifoing the
ref,erence paû€tns according to the context of dre query and cognitive diûFrcuhy of ttre
qrestion before making query. And the other is incursive refinement of refsrnce
@ems during matching process with allowance of fuarre revision.
Keywords: H€ad Gestre, DP Matchiûg, Query Anticipation

l.Intredudion

We |3ve developed a hunan coryuter interaction sy$em using eye-gaze and head
gcstue 1'r. The initial purpse of this researc*r is affording a commrmication interface of
a@ptrt€r syst€ms to users with disabilities who cannot use their hmds to operate a
kgyboard nor a mouse. In the system, head gesture is utilized for not only discriminating
attsntive gaze from inconscient seeing, and also cmrpensating the gaze point suffered
ftom fluctuation of head. Through this previous reserch, we have formd that the head
gesture is effective in wide applications: wearable computers; trands free input devices;
ùiquito'ns computing; augmented reality; human-agent interaction systems; and so on.
In this paper, we consider head-based query syst€m based on yes/no questions without
limitation to eye-controlled communication interfaces.

Head gesture identification has been achiEved by various meûrods, which include DP
marching; hidden Markov model; or their improved methods. The aims of these
conventional methods are dealing with general gestures at arbitrary moment- And many
refinEments of these methods for spotting recognition have been proposed. On the other
h*nd, in our purpose, the timing of a gesture is predictable to some extent. Moreover,
wen the fluctuation of time, variance of amplitude, latency period until the start of
gesture, and which gesture is made are also predictable. It is because they depend on the
context of the questions, the individual difference of physical response time, and
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cogtritive difficulty of querg which can be anticipated in advance of making query.
In our systern, there are two levels of anticipation features. The one is modiffing the

reference pattsms according to the context of the query and cognitive difficulty of the
questicn before making query. And the other is incursive refinement of reference
patt€rns during matching process with allowance of future revision. Identificztion of
gesture is completed as the final condition of this refinement.

2- Hardware Conliguration

The block diagram of hardware configuræion is illustrated in Figl. Pitch of head
movernent is measured by accelcometer (ADXL202E, AD, 2000), and yaw of head
movement is measured by gyroscope (AD)GS300, AD,2W2). These motioq seffnn
are attached to the left frame of glass6. Hd tacking unit is configrrred in a micro
controller (PIC16F877 (QTFP)), Miûochip, 2001), which is attached bebind thc hcad-
The ouçuts (x-y) of acceleroreter re ôrty cycles thæ re proportional to accehratim
in a horizontal plane. It involves boft the acceleratim on a horizontal planc and that of
gdvity. The otrqut of gyroscope is a voltage proportional ûo angular rde about ûe axis
normal to the sensor. Head trackinE data (about l2,9l+z) are sent to FC p€riph€ral &vicc
by wirelæs communication: RF transmitter (AM-RT5, RF Solutiom' 2m0) æd RF
receiver (AM-HRR3, RF Sofutioq 2W0r. Tk caliùration of head tracking ûdt is
initially achieved by in-circuit serial p'rogramming in wired condition- By these
selections of devices, remartable downsizing is realized, On tre cottrry, fte de
include various noises fr6n pûsturc and inclination of uss's body, fron spoffineoos
motion of user, and so on. Especially the dda from accelerometer suffers from noises of
steps while user is walking We cope with them using time-freguency basd
decomposition discussed in Sectiod 4.

Fig. I Block diagram of hardware configuration.
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We assigned nodding head to '!es", and shaking head to 'ho". The former is
detected mainly by accelerometer, while the latter is mainly detected by gyroscope.

3. Estimation of User's Response Time

The response time of user can be estimated with cogrritive difficulty of the question
precedent to making query. The information processing of the human can be described
as the integration ofseparate processors: perceptug,l processor; cogpitive processor; and
motor processor, as an approximation (Card et al. 1'r).

Following the above reference, in the perceptual processor, the cycle time rp can be
estimated on the order of

rp: 100[50-200] ms,

with the notation r,ypfru* - ruÀ, which means tlpical value rrry is 100 ms, while lower
and upper bounds ri6. ârd trupp aire 50 ms and 200 ms respectively. In the motor
processor the cycle time r6a is

ty: 70[30-100] ms,

and in the cognitive processor, rc is

rc:70125*1701 ms.

The cycle time of cognitive processor is
word against working memory: 47136-521
reaction: 153 ms. and so on.

Using these typical values of cycle time, we ean esimate the reaction time for various
cognitive tasks:

o Simple reaction time: Z = rp + tç + r.y: 240 [105 - 470] ms
r Physical matches: T = r,p+ 2r,ç+ ar:310 [130 - 6zt0] ms
r Name matches: T = rp+ 3rs+ r^a: 380 [155 - 810] ms
r Category matches: T = rp+ 4rç+ 1r:450 [l80 - 980] ms

In our system, choice reaction time is always a,Lted as a cognitive cycle, because it
is a head-based query system based on yes/no questions. Moreover, decision time
increases with uncertainty about the judgment It is known as Hick's law: Z : I"H,
where f/ is the mtropy of the decision and 1" is a curstant. 1" depends on individual
difference, and I/depends on the context of queries. We use 76, and To*for estimation
of starting point of gesture, which is mentioned in Subsection 4.4.

furtlrer classified, for example, matching
ms, perceptual j{dgm€nt: 92 ms, choice
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4. Matching Methods for Gesture ldentificatien

4. I Successive DPMatching Method

We pr^oposed a Successive DP matching method moAiÛing DP matching for otr
purpose t'r. Abrief description is as follows.

L,€t
f  =  . . . 7 X ; r . . . r I , 1 t \

Y -  " ' , ! i , " ' r l o l o

be trvo discrde time series. The time-normalized distance D betrnreen these two time
series is defined as

f - x  ' l

D(X,Y)= min l\a1, i ' t l  , Q). ,F:T,LLÉ . 
]

where.xè0 is a cmstæt ffid d(i,7) is the disæe between xi anldyi. Warping firnction
,(k) aûd/e) are subject to fullowiry conditions

(Ë-r)<(e)
j(ft-l) < j(k)

i(k -r)+ j(k -1) < r(e)+ j(e)

li(k)- j(k'tl<r ,

where r> 0 is a constant .
The minidzation problem (2), (3) sæ be solved by dynamic progrænming

D =d(0,0)

D*-r=d(i(k), j (k))+Dr k=0,-1,-2-" ' , -K+l (4)

D=D-*  ,

where the pair (i(&),/fr)) is chosen from {((ft)-l,i(k)), ((/c),fiÈ)-l), ((fr)-l,l(ft)-l)}
such as to minimize d(i(k\, j(k)') under the condition of l(,t) -i(k\l< r.

In the previous study I21, this method successfirlly coped with the identification of
head gesture supposedly because it included eye-head cooperation. But in the current
condition, there are more remarkable noises and artifacts, and it is difficult to dispense
with additional strategies such as time-fiequency analysis. The rest of this Section is
devoted to our improvement using the notion of waveld analysis and anticipation
methodology.

( l )

(3)
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4J Time-Fnequency Based Decomposition: tr'orward process

For a time series v0.,, t = 0,...,2r -l = n-1, we define

\,, = S(vo,z,*r-vo4,), vy, = 
S(vo,z,*r *vo,z,), t = 0,"',2r-t -l

w1, = 
f(vr2*r 

-vt,z,), vz,, = 
ft(vyz,*, *vr2,), t = 0,"',2r-2 -l

:

wr, =fi(vyr2t+r-vj-t,zt), vi,, =fr(vi-tt,*t -vi-t2r\, t =0,"',Zr-i -l

j  =1 ,2 , " ' ' J

ly'e can reurite (5) with 1Zi-2 -tlxqZi-r -l)matrices:

f f r=HsVn, Vr=GrVo

\=HrV1,  Yr=GrY,

:

(5)

(6)

uùae Zo =fvo,s,ve;,"',vo,rr-rf , Vr=fvr,o,vr,1,"',v1,2rr-1l ' , W;=1wr,0,w1,1,.. ' ,\r i-r_1)r

Vz = f\p, wo ; .., wr,rr, _r7', Y, =fvr,o,v"r,.. ., yrrr, _, ]r, and

which re lZr-; -\x(2"/-i+r -l) matrices. He,rce, we have

Ho

flrGo

HrGr-r" 'GrGn

GrGr-r"'GrGo

The transform ry,w2,"',wrand I/t frorn ze is equivalent to discrae Hsar wsvelet
træuform Grwr). In our system .I is set to be 7, then the marrix in (7) is ràBxl2g .
The computation requires O(z) multiplications.

(7)I/o '

Y,
W,

WJ

l/r
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43 fime-Frequency Brscd lleconpcrition: Blckward Correcdm Prucess

For a time series ûor, t =0,---,2r -l=n-|, we define

frr, =t(ioru< ,r-$ot), q,, = j(ûq,,*r(*dnr f ûor;

frr., = lT (ir r*r<u') - ûr,r ), ïr, = fr (i, *r(-oa + ûr,, )

fr ,',, = VÀ77 (ï,-r,,+2r{(Ed,) - i i us\, i,, = Vfr (9 r-t /+zi -t(*.i) + i ie)
j  = l r L " ' , J

\il'e can r€nrrite (5) innatrices form:

wfure Vj =ffr i,o,fr i,r ; -.,fr i ruf , f , =li, n,i,,,,..., ûrr* ]t and

(8)

(e)
frr=Êuî0, û=Grh
frr=Ér\, rrr=GrY, ,

- l
H ^ =  :

" 2

- 1  l  0  0 . . . 0  0  0
0  - l  1 0 . . . 0  0  0
0  0  - 1  1 . . . 0  0  0

' ' : '  . ; '
0  0  0  0 . . . - l  I  0
0  0  0  0 . . . 0  - l  I
r  0  0  0 . . . 0  0  - 1

r û o ... o o olf ro..
r r o ... o o oll r,,,
o r l . . .ooo l l r , r

. . t l:  :  :  :  t  t l l  :

.  t  l l'  t l

000 - . . l l o l l r ". v 
l l  

.0.F3

0 0  0  . . .  0  I  l l l to . * ,
ooo. . .oo l l l ùu . *

- 1  0  I  0  . . .  0  O  O l f  v , "
0 - r  0  I  0  0  o l l  r , ,
o  o  - r  0 . . .  o  o  o l l  r "

. t l

.  t l

;.;;,;;l l ' " l l
0  o  o  o . . . - r  0  l l l q . " _3
I  o  o  0 . . .  o  _ l  o l l q . _ ,
o  I  o  0 . . . 0  o  - u l q . "_ ,

, '"= i,

io,o

io,,

ïo,,

i
'0.r-3

io,*,

io,*,

fi,=+
2'12

^ x l
' Z.,lz

0 1 0
l 0 l
0 1 0

' , ;
0 0 0
0 0 0
1 0 0
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The transform 1trr,1ir,".,fr, and t, from /o is equivalent to muimal overlop
discrete Hsar wavelet transform (MoHwT). It is known that energy is decomposed
properly as

(10)

where ll t,ll=à t,' ... .

Furthemore , I/s can be reconstructed and partially reconstructed using inverse
transformatiol though it is not orthonormal but only orthogonal:

J

l l lo ll ' =Zllfi, l l '  + llt, l l,,
J - t

to =l{r,' tû, + Gr' t, (tullg

Vo= I È,'û,+G,'f, (partialty).

( 1 1 )

(r2)

The delinition of wavelets and scaling functions are different from tbose of
conventional MOHWT. It is only for the convenience of successive conrputation of
transform in ræl time. The computation of transfomr and inverse transform require
O(nlogrn) multiplications.

44 Alticipaiory Matching Method

The marching process is summriæd as follsws:

Boolean GestureDetection (wotd)
t- 

Esti.mâte Tr*an , Twi
t:t-Îr- ; / /Set Lhe time origin to 

",_û i l e  ( 1 r - < C . 4 r r + 1 2 8 ) {

CalcuJ.ate nratd vr successively by (S);
it (r, and E acco?d thoee of ieférence patÈern) {

calculate f, ana i, W lA);

Reconstruct i"  by (72);

/ /ui l} :  eelecÈing the subseÈ{j iaccording Èo ref. pacË.ern.
Coq)are V] with reference pat.tern usitg S-Dp matching;

- if (matched) retura truc;
I

. retura fr] gei
I

Yrg. 2 C-like pseudo code of antieipatory matching method.
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The estimations of Tbn and T*o are following the way d€scrib€d in Section 3. But
actual cognitive prrocess is more sophisticatod, then the value is adjusd beforehand and
ernpirically for each finite sumber of yeVno guestion.

The condition of the while-clause, Tro* 1 t < Tupp+ 128 means that ûre start point of
gsstrre is snpposed to be between Tlsr and Try?. Tl:æ, process in the content of
while-clause is illustrated in Fig 3.

Estimated Interval of
Ending Point

Estimated Infrval of
Sùuting Point

Tryp Tt*

Time Series

Correction .1

Process I

jCoresedingl
É!.t'!cp"q!,l

l2t unit

Fig. 3 Schsnatic of forward process and backward correction process.

The starting point of gesture is unknown, whereas it is confinned when the ending
point is decided. In the forward process described in Subsection 4.2, decornposition is
executed with O(n) multiplicatiom. The process is unidirectional, therefore, it can be
successively achieved. It is orthonormal transfomr and it is guaranteed to have inverse
transform, but it suffers from sensitivity to the fluctuation of starting point. On the
contrary, the backward process described in Subsection 4.3 requires O(nlogrn)
multiplications and involve bi-directional comErtation. But the inverse transform is
robust against the time shift of orign- And it yields the appropriate reconsûuction of
original data.

Therefore, it is natural way starting with certain interval as the candidates of starting
point leaving the possibility of the future determination, to process rough decomposition
(forward process), and after determination of ending point (i.e. starting point), to
process precise decomposition and reconstruction (backward process).

ln the step of reconstnrction, noises and artifacts are eliminated by selection ofthe
subset {7 } from [O*fJ. The subset is accompanied with the reference pattern by a priori
decomposition- Finally reconstructed ( and reference pattem are compared with
S-DP matching method
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5. Conclusions

This paper proposed a communication interface system based on head-gesture for
yes/no question. The main purpose of this research is to realize an interface under
variety of conditions, in flexible situations. In order cope with noises and artifacts in
such a condition, we introduced a matching method for head gesture. In our system,
thcre are two levels of anticipation features. The one is modi$ing the reference pattems
according to the context of the query and coenitive difficulty of the question before
making query. And the other is incursive refinement of reference patt€rns ôring
matching proc€ss with allowance of future revision. The latter involves *fbrward
process", *backward correction process", and *successive Dp-matching-.

The starting point of gesture is unknown, whereas it is confirmed when the endi.g
point was detect€d. It is natural way starting with certain inffval as the candidates of
starting point leaving the possibility of the future determination. In forward process the
data æe roughly decomFosed with the time complenty 4n\, where r is the size of data.
After detection of ending point, precisely decomposed and reconstnrcted with the time
complexityO(abgrn). The essential fact is the starting point depends on the ending
point in the frrtrne.

Bodt of tlæ tandorms in tre forurard proc€ss and backwæd oorrectim process axe
rcugbly equivalenf to llaar wavelet transform. The former is essmtial for the
unidirectionarity of processing. But the latter is replaceable by other wavelets, and it is
possibh to be improved. In this paper, we ado'pted it for simplicity. The optimal
selection of wavelet and quantitæive evaluation of tre systern is necessa4r for further
researcâ.
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