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and the contra-lateral log trajectories was small jo average
{< 10% which slso indicates a similar way of using the cane
among the subjects. )

I experimental evaluation we verified the system with
single leg version of the HAL suit, and we confirmed the
applicability of the proposed methed. Although the motion
sapture system Is used for sensing the lower b and cane
moverent in this study, wearable sensors such a5 IMUs can
be used for practical application. Additionally, we also plan
to investigate the usability of the cane in intention estimation
of other locomotion tasks, Such as detseting the start and end
of walk from body posture and patterns of acceleration and
deceleration of the cane, and defecting standing and sitting
from body posture and pressure patterns on the tip of the
cane,

S far we have only examined the proposed system with
one healthy subject. Testing with several healthy subjects
shouid be carded out with qualitsive criterda o affiem
specific enhancement In the conteol system from vsing the
cane, Also, 4 siroke patient depending on the cane to supgiort
his body weight and balance might not be able to coordinate
the cane well with his gait, However, walking with assistance
from the exoskeleton robot should enable the patient to
use the cane more freely, and depend Tess on it o support
his weight and balance; Future investipefion with actual
m@memmmmsmwimbyimugmthe
intrafinter Bmb adaptation when using the system, and to
vesify the usability and benefit of the proposed method for
utitizing the upper and lower limb synergies in rehabilitation
of hemiplegic patients after siroke.

ACKNOWLEDGMENT

This stedy was supportedt by: the Funding Program for
Werld-Leading Innovative R&D on Science and Technology
{FIRST Program).

REFERENCES

{1} Y. Hayashi, xxmwmxw'mmmmam
suit BAL s 1y
mfmaﬁm”mluxdﬂgmmmsyﬂmw RO 26085
2005 IEEEIRSS Internvtional Confersnce on, aug. 2085, pp. 3063 ~

3058,

{2} . Sozuki, Yhm?mﬁ«?%m??lmm
¥, Soirkai, *Faten) mmmswfwwm in
Systems, Man and Cyb 2005 { Confere
on, wol. 3, oot 2005, py. 2707 ~ 2’!13\?01 3

;;&jﬂi‘&v‘ﬂueqr amwmmmmﬁmwmj.

o weestory pensration for sehabillttion sobots: Comple-
mmmmwm*mwmmmm

%m.wmmmmm %, vo. 1, pp. 23 <30, fub.

¥ K A, Strassser snd B Kazoroond, *The dwmpmmmﬁ&;wi
3 fumen mmmmmwm in
mdl&m&bmm {IROS}, 2011 IREE/RSY iternationial
‘mm;”“' o %&mumm
8 A mest A {
&, Riener, “Puth for paticnt-cooperntive vabolaided
mmlmmrmmmw‘k £,

Englugwting mmmwwwmmmmp
wal fntermarional B S038:

191 M. P Ford, R.C, Wagensar, and K. M, Newell, “Arm constrsint aod
wlking n sy ol el & Posare, ol 25, 101 p, 135 -

110} vmmmmcmmﬁm “Neronal coordination of - -
#nd feg movemonts during human Tocomotion* The Europe
enal of neurosclance, vol. 18, pp. 1906-1914, dec, 2001,
1 T Wanioier, €. Wmmm and Mm"%&mm tog
mﬁmdon in’ humans walking, crecping swimming
» Experinsensal brair resenred, vol. 181, n0: 3. pp. 396379,

2001,
m;:nm«mmrmmmwmmmmmm~
dusing dhythmic 1 !Mmﬂnamwmw@

13 m bipedal galt:
smovement disorders” Jaumommmm mm smlm,

2001
{14} D.PM}LJ»HWW?«GM the arms 1o setivate
the Jegs® Enerclse and WWHM%.%;@A?&&&

181 L L.Stzy)ma,&hnmnmms.z £, Serves, The coondi
mimofwwm siovements during galt i healthy ond
stroke individuals” Galy & Posture, vol. 2% go. 1, ;'ﬁ;.gu-mm,

{16} &LWM&LWWM
Whmﬁy of case studies;" Physical Theraps, ma&;

G88~700, Ji
69 ’:’»S..KMMLMMP& Bue wmwmm~
;miesm ofuﬁngam Archives of

5] gmm&am mm{wmmm
Beneﬁus demands, and pdverse conssquences™ Archives of
wond Rehabifitation, vol, 86, vo. I,m mnms‘m.
8] LMFWWW sz, Springer serdes T stotis-

{20 RSngsm&?ddm,Wnlemmm
during difforent movenients inSumans Eperimenial Brali ¥t Research, .
wvol, 148, pp. 139149, 2003,

121) B Batscheler, Cironlur niatisties i blology, st Mathémitics i
Slotogy.  Academic fress, 1983,

m:mmm&mmmm m

1614




- €8¢ —

2012 TEEEISICE internutional Symposlum on System fntogration {87}

Kyushu University, Fulwoks, Japan
Bocombor 4815, 2012

Development of 3D Visual Feedback System
for Cybernic Master System

Kousuke Hiramatse and Yoshiyuki Sankai

AbstractFhis paper devefoped 3D Visusl Feedbaek System
for Cybarnie Master Systom, This Cybarnie sinster systort s %
wnstepeslave  systern for  munipulotions sud  consiss of
mssteralove eobot avm and viseel fendback spstems The
Cybernfe moster arm uses Jolol torgee estimation wethod,

Mw&m&mﬁﬂm‘!empmw;e@M'

contedl method, not ouly feedbarki o somatosensoyy Sys!

such-ag force and fmpedance control but also aplimal mml
feedbuck is un important factor in tesnsasisting inforination o
ar. operator. To achieve visual feedback, it & jnstalled
sterepscople’ vision nnd  operation assist system  using
Augmented Fealily, The stereoucopie viston is controlled by aur
setive sontrol method of » convergence angle depending on the
distance to objects. The operstion assist System can show

stercoscopic images that is overlald the virtuat objects, Uslng the.

virtual objests such ns virtusl welle snd protected areas, it is
mm;mmmmmms.w@mmm wxpements
to verify that the ogm\m e view  pansliax image

feally at the } g eange that is aear ton humen
. ﬁurmtm T short distance was effective campared with
novmal paralisx method, Then, we tonducted operation fest to
envurs that itls possible to perform the aren protection with the
vivtuat well ovdog our systent. At the resalt, protection weess
were formed, and we snsured that slave arm vobet could aot
invede thuse preas, T addition, the opevation aysists such as nat
only protection of weash but alse the tracing movement snd
operation insteoetion by the virtusl wally is possible.

I, INTRODUCTION

HERE are dangecous tasks such n$ the dismantling of

auclear power plant and the high-level radidactive
material handling. The exiended sctivity on radioactive
envirommentis a hozard to the himan, $o robots are necessary
to work “in place of it However, it i difficilt for the
autonomous robots: that cannot provide flexible service in
diverse situations to perform the complex tasks. In order to
directly munipulate remotely - situgted objests in such
hazardous environments, master slave systems have been
proposed, The research about smaster slave type manipulation
system is performed in the field of robotics and the virtual
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veulity, Representative example of the master slave systems
provide tele-existencs expeiences {13{4E

To veflect humen muscle properties in the robot arm for
master slave systems, we developed the Cybernic master
systens and contral method [2] Owr control method can
voluntarily express robot sem impedance based  on
Bioelectrical Signal intengity, whick Is provided from the
intuitive arm motion of the operator. Fig.1 shows the coneept
of Cybemic master system during musnipulation, With the
miechanical feedback, cur system produces an angmented
reality experience as if the operator s in 8 remote place while
operating the targut objects. directly. When the operator
anipulites a semotely situated object, the visual awareness
of the environment is vital to control a state of slave arm
robots. Therefore, not only feedback to somatosensory
system such 8¢ force and impedance control but also optimal
vigsoal feedbuck is an important factor to transmit the
information o the operaree. In partieular, 3D depth
information ix can be crucial when Uying to accurately
control & robotic arm using o remote display. Furthermore,
displaying movement restriction information o visusily
enhancing an ohject in real ime con greatly reduce the chance
for mistakes for the remote operator,

In this study, we develop an atgmented reality, 31 visual
feedback system for Cyburnic master system, The system
consists of motion 3D Camera Systen {0 get information of
warking space and Operation Assist System to present visual
information and aveid mistakes caused by Ralse recognition.
Fig.2 shows the configuration of 3D visual feedback system,

11, MATERIAL AND METHODS

A, Mution 3D Camera Systent

T oreder tor operate remotely situated slave robotic arms in
alt'3 dirnensions, it is Important how the operater performs
recognition of the depth Imformation, When the operator
going to opersie it using & monocular camers, the
technologicst probiems may be stated as follows.

1) The operator cunnot get depth informetion using 2
monocular camers. To get depth Information, R I8
wecessary to use the different angle camerns.

2} ‘When using muliiple cameras, the operator has to-check
the multiple simultaneous visual feeds on the monitors,
‘This method contains the potential hazaed of operation
mistake.

3} It decreases operator’s working efficiency when the

T aperator must opeate multiple comeras.
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Firsis ™ Luen S0, = B, ) 4 L o8I0 8,, 48,5, ~ 0, ©
iSOy} oSNy + 0,5, ~ 8}

where e, 15 @ defined stride.
Fig. § shows the coordinate system of CoGRF when legs
are placed back and forth, This coordinate system s different

from the coordinate system shown in Fig. 2. That is, the

representative FRE messuring point of » toe of the back side
leg, and representative FRY measuring point of & heel of the
forth side leg are placed at different points from the points on
the coordinate systers shown in Fig. 2. In thet coordinate
systers, CoGRF in sagittal plane i valeulated ag folfows,

yutdCs + L6,

T e 20)

onidd = C ) £ C, :
""“mrz;;“‘ (<)

where C} is CoGRF in sagittal plane when legs are placed
is-the length of the sole which is defined
a5 the distance between representative FRF measuring points
ofheel and toe kn the same sole,

In the sagittal plane, the threshold which detormines
whether CoGRF 1 in ihe single leg stance leg polygan or not

is defined 15 fallows,
i
g ®

Preposed phase determination for stair ascent uses (8), and
the threshold of CoGRF in lateral plane that is the same as
walking assistance, Fig, 6 shows the foliow chart of the phase

‘system Is diffevent frosh the
FRE

detsrmination. ‘The phase determination defermines three
phases in stair ascent, that is, L, R,., D, and L, R, When
the height of landing ares is lower than the height of a step,
the determination determines that wearer is walking.

il AUTOMATIC CONTROL FOR STARR ASCENT ASSISTANCE

In stoir ascent, moversents of wasrer are different betwvossn
phases, In swing phase, joints of the swing leg are flexed
voluntasily 1o Jand the footon the upper step, In double stance
phase, joints of the Jag on the lower step ave extended fo keep
the leg in extended position for weight bearing, and joints of
the Jeg on the upper step sre flexed to move the CoGRF into
the stance leg polygon of upper lep. In single stance phase,
the Hip joins Js rotated fo keep the CoGRF in the supporting
leg polygon, and the knee joint is extended to lift up the body
[6})-

on  an ©n Ly
Vmﬁ-a-m ma?am«:

. Lugte
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A— ik

{0,0} Cr (L,0) ©,0 Cx{1,0

5.Th oFUoGRF when leg db
Whiee Weh fop is forth (Lefty, anmnmmamm
coondiate system shown wﬁ;zﬁmimh&
pumn!smol’lhewkndsks.w
ing poi “’thdu of the
he: po v in Fig 3,

We propose an automalic control method for assisting
‘staii nscent, whick is based onzha movement of cach phase,

mammma&mm&mmmm Whess "mwkmm&ﬁmmmcum;”wmmg'mmw‘mmmdix

’I’he method  consists of three  algorithms:  pravity
compénsation In the swing phase, assistance of weight

383
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The: assistance is expected to present effectual
and sensory stimulation, those are considered o sugment
braln plasticity and erhance motor function. Several studies
verified that training with thet information presented from o
robot enhanced notor fimetion of & subject [9-82 In
addition, it was reported that voluntary movemen!
brain plasticity {131, Therefore, we m(pbcl that ?m eould
sequire & wider range of astivities than esing wheelcheir,
Furthermore, by simply repeating using it the patients’
muoving sbility that is commonly considered belng diffioult
{o b enhanced, Wit be effectively improved,

Though we performed the experiment with a healthy mu%c
subject, clinical trials shouid be performed for application of

ek during Jeg roistng®, £x- porioneiol Brof
Resvarch, vol, 138, 1998, pp 205-214

18] Toushiyn K, Trda 8, Oknwn T, “Activities of daily Hving, Ishivaku
Fobiishers, 1992 {n Iapanese)

{51 A Meyer-Heim, iﬂmmfﬁﬁmnwm & Berweketal,
“Fenslbility of robaticassisted locomplor irsining i -childoon with
cmmi m; Tmpaliwient”, Dev Aed Chid Nevrol, vol, 9, 2007, pp.

j11C] i. chgw{c, E Mcxw—ﬁum A, Kumor, ), Sémm Schafer, S,
Barweck, F. Heloen, asgisted

mmmmmmh&ymnwam with cerchraf pater”,
Moy, Biyor, vob 23, v 2, 2008, ppai0- 293

{41] Golemd, M., # 8l “Indome virwal reslity videogame

wlershabifisssion in adoleseents with bemiplegic sorehml palsy”, decl
Pliys Mod Rehabil, vob $1, 2000, pp. 1-Bel,

L Yifeb%ﬁ Ladenheim, €. meMmmmLMm

“Rebovassistil »:pe:iﬁ uining in polsy”,

oo Lhild. Newrole ‘mi §1, 208,

moving sssistance for CP patients, B it Was exp

taat he adjusted a mcmmm nvoluniary. He could not
completely mimic the movement of a CP patient. And, for
assisting daily movement, siair descunt assistance should be
developud, When HAL could sssist daily movement of OP,
they wi be able to move to uaywhise,

Vil. ComcLusion

In this study, we proposed an automatic contrel method
for stair ascent assistancs, and verified the effectiveness of
the propused method. To determine phoss tansition in stale
aseent, we proposed § phase determinution method based on
height of a landing srea, CoGRF of ateral plane and CoGRE
of sagittel plane, Cur proposed automatic control method
assists the motlon of ench phase. Experimental resulis
showed the method was applicable fiy assisting walldng aod
stir ascent. I the experiments, the method could determine
he phase and generated forque for sppropriate movement
assistance of each phase during siair aseent. The phase
determination could alse determing the height of » landing
aren and switch the control into walling assisiance
seamionsty, This assistance method would help i
aequire the range of activity 6F CP patienis.
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Visual Feedback System Showing Loads on Handrails
for Gait Training

Ryotaro Sabe, Tomohiro Hayashi, Yoshiyuki Sankai

Abstract—Patients with walking difficulties need support
devices such as a walker or a cane. However, the support
devices sometimes restrict their activities of daily living

(ADL). In order to improve the patients’ ADL, it is desired -

that they use the support device that does not restrict their
activities as much as possible. The patients need gait training
to reduce the dependence on the support device and to switch
to a device with fewer restrictions. The purpose of this study
is to develop a new visual feedback system that helps the
patient receiving gait training to recognize their dependence
on the support device. The developed system measures the
load that the trainees applied on the handrails, and shows
this load graphically by using a display monitor. The
walking experiment was carried out with able-bodied
subjects in order to ensure that the developed system can
give the load feedback to the subjects and they could control
the loads om handrails. The experiment was performed in the
two cases in which the load information was shown to the
subjects, and the load information was not shown to them.
During the experiment, the subjects were instructed to
adjust the load in accordance with the reference load
indicated by the graphical user interface of the developed
system. As a result, the subjects could adjust the load to the
reference load more appropriately when the load
information was given to them. The result, therefore,
suggests that the developed system is able to help trainees to
be aware of and control the load supported by their arms.

1. INTRODUCTION
‘Walking is an important part of the activities of daily living
(ADL). The patients with walking difficulty need support
devices such as walkers or canes to maintain their posture and

support their body weight instead of their impaired lower limb.

With the help of the support device, the patients can improve
their ADL. However, the support device sometimes also
restricts their common daily activities. In order to improve the
patients’ ADL effectively, it is desired that they use the
support device that does not restrict their activities as much as
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possible. The patients need gait training to reduce the
dependence on the support device and to switch to a device
with fewer restrictions. If the patients can reduce the loads
applied on the handrails of support devices from their upper
limbs, the dependence on support devices can be reduced.
Therefore, it is important for the patients to practice walking
in an effort to reduce the loads on the handrails, and switch
support devices from such as walkers to canes as shown in Fig.
1.

For the gait training, the trainees need to know whether
their body movement is appropriate or not. Commonly,
trainers such as a physical therapist (PT) observe the trainee’s
movement and teach them to walk appropriately. Some
information on the body movement, however, is difficult to
assess correctly by the observation. Moreover, such
information is also difficult to show quantitatively to the
trainees verbally. To solve these problems, there are a lot of
systems that give a feedback to the trainees [1]-[8]. However,
to the best of our knowledge, there is no visual feedback
system that can measure the loads on handrails and show them
to the trainees objectively in the actual training scene. If such
kind of system is developed, it would help patients to reduce
the degree of dependence effectively and help them to switch
the support devices to that with fewer restrictions in daily
living.

The purpose of this study is to develop a feedback system
that can indicate the loads on handrails applied by the trainees
visually. In addition, the developed feedback system is
assessed in a walking experiment with able-bodied subjects to
ensure whether they can recognize and control the loads by
using the system.

1. DEVELOPMENT OF A FEEDBACK SYSTEM

4. System Configuration

Figure 2 shows an overview of the system. The developed
feedback system consists of the measurement unit and the
display unit. The system has been designed to be attached to a
commercially available walker. Two measurement units are
respectively attached to the right and left handrails of the
walker for measuring the loads on handrails. The display unit
is mounted at the center of the walker for showing the loads
using a graphical user interface (GUI).

The details of the both units are described in the following
subsections.

Hady Wolght Suppart

e

el by sopport devieny

Fig. 1: Gait training process for improving the patients’ ADL from the standpoint of the restrictions on body movements caused by support devices.

Measurenent it Diisplay nait

Visuol feedback of the load on the handraiis

Mspiay unit

Moasurement yolt

Subject Walker
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Coetliwient: € e

| Distooe : S

| Distanee : Br

Fig. 2: The developed system for giving the feedback of the loads on handrails to the trainee during gait training. The traince can know the loads information

by looking at the display unit.

B.  Measurement unit

The handrail of the walker can be considered as a cantilever
beam. On the assumption that the load from the patient is
exerted on a point on the handrail, the load on the cantilever
beam is shown as

&
F=C D 1)

where F is the load on the handrail; C is strain coefficient; &
is the strain of the cantilever beam; D is the distance from the
load to the point where the strain is measured.

If & and C are obtained, F can be calculated. In this study,
strain gauges and distance sensors were used to obtain them.
Figure 3 shows a schematic of the measurement unit. We
adopted the two-active gauge method for strain measurement
in order to minimize temperature drift. Two strain gauges

were attached to the top and bottom surfaces of each the right
and left handrail. The developed measurement unit can
measure the load caused by a weight suspended from the
handrail with an accuracy of 5 N.

In order to obtain the distance D, the center of the load on
the handrail need to be detected. In this study, we assumed that
the center of the load is located at the center of the hand
grasping the handrail. Dc in Fig. 3 is the distance from the
anterior end of the grasping hand to the center of the load. In
order to detect the anterior end of the hand, a distance sensor
using infrared light was attached at each head of the handrail.
To detect the grasping hand clearly, the reflection module was
put just ahead of the hand as shown in Fig. 3. The distance
measured by the distance sensor is indicated as Dr in Fig. 3.

The measured strain is amplified and filtered by an analog
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Fig.3: Schematic of the measurement unit on the handrail.

preprocessing circuit and converted into digital signals with
100 Hz sampling frequency. The processed signals are
transmitted to the display unit via wired Ethernet using the
user datagram protocol.

C. Display unit

A tablet PC is used as the display unit. It receives the load
signals from the right and left measurement units and shows
them on its display.

The tablet PC was mounted on the walker by using a
monitor arm, The monitor arm is designed to be able to adjust
the height and angle of the display of the tablet PC in
accordance with each trainee’s height.

Fig. 4 shows the GUI screen for showing the load
information on the tablet PC. The green bars displayed at the
right and left sides on the screen indicate the loads on the right
and left handrails respectively. The displayed loads are
updated in real time. One step of the bar corresponds to 10N.
The threshold value can be chosen for the right and left
handrails and inputted into the GUI by the trainer. When the
load exceeds the threshold value, the color of the bar graph is
changed to red as shown in Fig. 4. By using the different
colors, the display unit helps trainees to recognize whether the
load exceeds the threshold or not. The range of the load can
also be adjusted on the GUL

In order to reduce influence of noise, the measured load
signals are smoothed through a moving average (MA) filter.
The window size of the MA filter is set to 100 ms. The
smoothed load signals are shown on the display to trainees
during training.
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Fig. 4: Graphical User Interface for showing the loads to the trainee while
walking. The threshold of the loads and the range for showing loads can be
adjusted by using this GUL. The value of the load becomes plus and bar graph
extends up when the trainee pushes down the handrails, and the load
becomes minus and bar graph extends down when the trainee pulls up the
handrails.

III. EXPERIMENTS

A. Outline

The experiment with five able-bodied subjects was carried
out in order to ensure whether the subjects are able to control

the loads on handrails by using the developed feedback system.

The subjects were instructed to adjust the loads in accordance
with the reference load indicated by the GUI during the
experiment. Error rates between the reference load and the
measured load were calculated to evaluate the accuracy of the
adjustment of the loads on handrails.

To evaluate the feedback system, the experiment consists of
the following two trials: a) in which both the loads on
handrails and reference loads were shown to the subjects and
b) in which only the reference load was shown to the subjects.

B. Reference Load and Evaluation of Error Rates
The reference load was given to the subjects as follows.
W (£) = 50u(t - 3)
W (£) = =50u(t —13)

3<t<8

@)

13<#<18

where Wd(?) is the reference load; u(?) is a step input; £ is
elapse time. Here, the time interval 3 = ¢ = 8 is described as
the plus interval, and the time interval 13 = t= 18 is
described as the minus interval. In order to evaluate the
developed feedback system in both cases in which subjects
adjust the loads by pushing handrails and by pulling handrails,
the reference load was set to +50 N and -50 N.

The error rate was evaluated by root means square error
(RMSE) as

RMSE = z-;:Zi‘[W(t) w,o] ®

where W(f) is the loads on handrails; T is the total time spent
on showing each reference load. The reduced RMSE means
that subjects can adjust the loads appropriately in accordance
with the reference load.

C. Protocol

The walking experiment was carried out with 5 able-bodied
subjects in their 20s from AS1 to AS5. The range for showing
loads was preliminarily selected from -100 N to 100 N. At first,
the subjects were instructed to fix the reflection modules on
handrails and positioned the tablet PC according to their
height. After finishing this procedure, subjects were instructed
by the GUI to start walking and to adjust the loads to the
reference load indicated by the GUI. Preliminarily, they were
instructed not to be conscious of the loads at the block time
when 0=¢=3, 82¢=13 and 18 £+=21. They were also
instructed to walk in a straight line at comfortable speed. The
trial b) was carried out 10 times for each subject, and after that,
the trial a) was also carried out 10 times for each subject. In
order to exclude the effect of practice to the system in the trial
b), the result of the loads on handrails was not given to the
subjects during the walking experiment. The same reference
load was used during the 20 times walking experiment in order
to remove effects upon the RMSE caused by the difference of
the reference load.

IV. RESULTS

Figure 5 shows the representative result of the walking
experiment. From the result, we verified that variance of the
load data was reduced by giving the load feedback to AS1 at
the plus interval. We also verified that the variance was
reduced with the developed system at minus interval. The
result of RMSE are shown in Table 1 and Fig. 6. From the
results, we verified that the average of the RMSE was 50 N at
plus interval, and 23 N at minus interval in the trial b). We also
verified that the average of the RMSE was 17 N at plus interval,
and 19 N at the minus interval in the trial a). From this we
verified that the RMSE was reduced when the load
information was shown to the subjects by using the developed
feedback system during the walking experiment.

A statistical test was performed to verify whether there is a
significant difference between the cases in which the feedback
was applied to the subjects and in which the feedback was not
applied to them. Since the samples are paired, the dependent
t-test for paired samples is used as a statistical test. A
significance level of the t-test was set to 5%. As a result, the
value of ¢ was 5.31 at plus interval and 4.37 at minus interval.
Because the value of 7 is 3.25 when the significance level of
the t-test is set to 1 %, we verified that there was a significant
difference in the RMSE of the load data both at the plus
interval and the minus interval.

V.DISCUSSION

The patients with walking difficulties need support devices
in their daily lives because they have difficulty of assisting
their own body weight. Hence practicing to reduce the loads
on handrails during gait training is beneficial for reducing the
dependence on support devices and improving their ADL.

In this study, we developed the new feedback system for
gait training. The developed system measures the loads on the
handrails of the walker and show that load information to
trainees by using the tablet PC.

As the result of the walking experiment with five
able-bodied subjects, we verified that both the variance and
the RMSE of the load data were reduced in the trial a). By
applying the dependent t-test for paired samples, we also
verified that the average of RMSE was significantly minor
when the load information was shown to the subjects. These
results clearly indicate the advantage of the developed
feedback system for the trainees to control the loads on
handrails appropriately during gait training.

In the walking experiment, considering the both cases in
which the trainees pull up handrails and the trainees push
down handrails in order to support their own body, we chose
reference load -50N and 50N. From results, the variance at the
minus interval was less than that at the plus interval in the trial
b). Additionally, the RMSE produces the same results as the
variance’ result. These results mean that subjects could adjust
the load more appropriately when -50N was indicated as the
reference load by the system. The reason is considered to be
that people are used to hold something with their hands while
walking, but they are unaccustomed to push something by
their hands at a certain amount of force while walking in daily
living.

Confining the reference load to 50N and -30N in the
walking experiment remains a matter of debate, because the
pressure feeling differs in subjects. Thus, about the walking
experiment, we did not quantitatively investigate the links
between the reference load and the RMSE. However, with
respect to the feedback system, we confirmed that the system
could show the load information to the subjects and they could
control the load more appropriately with the developed
system.

In this study, the efficacy of the developed feedback system
was verified by the walking experiment with able-bodied
subjects. In future research, we plan to evaluate the efficacy of
the load feedback by carrying out the experiment with the
patients who have walking difficulties. It is important for
patients to reduce the load in accordance with the reference
load during gait training in an effort to reduce the dependence
on support devices and switch support devices to the ones with
fewer restrictions. Therefore, adjusting the reference load is
believed to be linked to the degree of difficulty of gait training.
‘We plan to investigate the way to adjust the value of reference
Ioad to the patients® grade of severity in future research.

340




FN]
159

Wi fnterval

With Feedback
trali

-3}

208

i)
10

Plus Interval

Minns Fagerval

Without Feedback
all by

- v -

b
S

minus interval was calculated between t=13 and t=18.

Table 1: Result of the RMSE of the loads at the plus interval and the minus interval

Plus interval
Asip Left  RMSE[N] RMSE [N}
Right  withont Feadback  with Feedback
" 56 17
55 18
43 16
2 39 14
53 19
3 4 "
26 17
4 25 20
87 16
§ 66 18
Average 50 17
Standard
deviation 7y 12
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Minus Interval
Agip et RMSE N RMSE [N]
Right without Feedback  with Feedback
21 17
! 21 18
2 25 22
3 2
3 26 17
N 28 )
16 2
4 22 1
22 21
5 2 21
Average 23 19
Standard 17
deviation 22

Fig. 5: Result of the walking experiment for AS1 as a representative resuit. The blue lines show the left load, and the red lines show the right load. The black
line indicates the reference load that was set to 50 N at the plus interval and -50 N at the minus interval during the walking experiment. The load data was
continuously stored and the error rate was evaluated by RMSE. The RMSE at the plus interval was calculated between t=3 and t=8, and the RMSE at the
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Fig. 6: Result of the RMSE during walking experiment. The bar graphs
indicate the average of the RMSE in each case.

VI. CONCLUSION

In this research, we developed a new feedback system for
showing how much load a trainee is applying on handrails
during gait training. The developed system was ensured in the
walking experiment. The system effectively gives feedback of
the load information to the able-bodied subjects and assists
them to adjust the load appropriately in accordance with the
reference load indicated by the system. This feedback system
would help the patients with walking difficulties to improve
their gait and improve their ADL.
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Noise-Resistant Vascular Parameter Identification
for Artery Testing
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Hlood vesse, Qe laboratory has been developing vasoulur

systery seodlef nd mmmm«rmm»wwm

‘eutironte the ehaructesistios of Mood vessel The purpose of this
study Is to comstrues snd verify o nolseresistant method of
wasenfar paremeter ientification for artery tesiing that can
Hleatify the parameter ascuratidy of polse. We
wodel of vascuior systent aax&

dentifieation med

‘developed o physiofogies]
‘puransier. %dcmlé&am method. The

incladis filter that ckn eliminote nolve. Io order €6 wﬁ!;v uim
performence of the identifieation method, we carried ovt 8
computer  simulation  sxperimens. We  constructed s
physiologieel model on 8 computer with presed prramelirs,
Blmuolstions weve performed 3 sbveral differsat parimeies

sefiings with data dBot condein 309 white wolse, We also
performed simulations wing data with 3% and 20 % white
volse, Tdentifieation sesnlty showed ot mysshrurs yoles of
ervors wers I300%5, 4.547% sod $5.56% for data with §%,
0% mud 20% nolie jotensily, vespectively, Those vesulis
showid ﬁmmmmm ehle o seduce influence of aoise
mrﬂmsot

L NTRODUCTION

UR motivation o develop a new method for artery
18sting i o save humn lves from diseases eriginaled In
atheroselerasis whose moriality s more than 13 million Inthe
workd [13, Arferies of patients who suifer from atherosclerosis
Horden and narow due o lumped fat. Then narrowing wil
obstrust blood flow. Docters tecommend patients to have
artery testing in order to prevent atheroselerotic disease by

mommng patients to healthful Hfestyle and detecting early

physiclogical chumges (21 Physiologieal charactedstics of
Hood vessely, soch as nmvowing end hardesing, o
imporiant in artery testing, Several methods to evalunte the
characieristios of Blood veysel sre performed.
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Mensuring blood flow using ultrasound & widely
performed for blood vessel festing [3]. In severely narvowed
artery, reduction of Blood flow cceurs due to high bload flow
resistance. Rlood flow resistance is defined as rado of blood
prossure 1o bleod fow volume (4] By I fow blood flowis
observed during artery esting, it is difficolt fo distinguish
whether the flow reduction comes from nasrowed artery or
periphieral blood vessels.

Pulse wave yelocity (FWV) Ts also widely mmw for
artery festing 153, Higher PWY value indicates hardening of
afteries berause transit speed of pulse wave of binod pressare
i hardeved artery is faster than healthy artery. However
PWV is influcnced not only by bardening but alse by bood
prassure, narrowing artery and several factors refated to
health peoblem.

Current clinieal soene doss not know 3 melhod fo
camprehonsively estimate physiofogical chargcteristios of
blood vessel and physiclogical state, The characteristics of
blood vessed are described in methematical maodel of vascular
systens [S}48]. Artery tésting vdi% improve ifmm of
the vageular system modet { iplo)
for artery testing becouse vasmlaa‘ pmmem:s indicate the
characteristios of blond vessel, However, artery testing using
vascular system models is hardly pesformed R clinicel wse
because of complexity of the model and diffienlty to ideitily
wascular parameters. ‘The reason of difficulty of vascular
parameler identification is that the characteristics of vascular
systeny are internal physiclogical data of Hving body and are
not measured dirgetly.

In order to solve those probiems, our laboratory has been
developing simple but enough detailed vascular system
mode! and identification method of vasewlar paraiclers
{8)£13). This identification method enables us to identify
vascular parameters by measuring continuous waveforms of
blood presswre and blond fow volume,  When vassuly
parametees we identified for antery testing, neninvasive
messurement of continuoss waveforms of blood pressurcand
blood flow volume is needed. However, identification rasult
will be distubed if measurement data contains nofse.
Possibility that nonjnvasive method contalns nolse Js large
compared o invasive method, In onder to Improve artery
testing, the purpose of this study s to construct and verify 2
noisevesistant method of vasculir parameter fdentitication
for arbery tosting that can Identify the vascular paremeter
accurately repardioss of noise, We verified the identification
micthod through compter simulfation experiments,
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TABLEY
Bruser VASCULAK PARAMETERS £0R EXPERIMENT A

Re ¢ 12 By
Ixfauit 93000 01066 43000 L0
HighR, 06000 06,1000 0.03000 1.200
Law € 03008 008000 3000 1200
HighR, 03000 0.1000 $03000 2006

In ms;mw sitation w«ma wnseuber systens model wm\ proset
Severat 24 were
pwpamd!o verify the yerrmmae of our method.

TABLEZ
PRESET VASCULAR PARAMETERS YOR EXPERIMENT B
. Nojse
B [ i B pensuy
TBefowlr T 030000 D000 040000 1200 0
L Low 03000 {1000 003000 1200 S
Noige:
st 03000 {3000 00300k 1200 20

anrfmm Bolse inensity wos set in mdw o vmfy the ws’mmoe cf
our method, Nojse intensily is
each wavelorm.

simulation. Identification was performed using dats with
noise of 16% intensity. In experiment B, we employed
diffurent setfings of noise intensity for computer simulation
and parameter identification. Noise intensity is expressed as
percentage o amplitude of each waveform, We evaluate the
pecformance of the identification method by caleulating error

Do Prassurm Pambip]
wansfiE
% 3 8 3
o Fiow [xhtn)

Fig. 6. The pesalt of h defimit
sefting kad nolfse futensity S shown, Blvmi l’iow was simudated fom
imitated blood pressuee.

sspafgi

Fig. 7. The result of computer siowifation with of high &, is shown,
Mo Blood Suw volume was Jower tun the result of imulation
with default parameter setting.

Food Frepes (el
BERBEESE

betwesn preset parameters snd identified parameters,
A, Different Parameter Seltings with 10% Noise

Tn order to verkfy that our method can identify the vascular
parameter accurately in different churacteristics of blood
vessel, several parameter setlings were prepared as shown in
mble . We prepase paramicter set of high R; that indicates
artery g We prepare 1 ter set of fow C that
indicates artery hmlmmg We prepare parasneter set of high
R, that indicates change of physiclogical state. Simufations
and fdentification of cach parameter set were performed
individuaity,

B. Different Noise Intensity Settings

i order to verify that our method can identify the vasoular
parameter  accurstely in different noise intensity, we
performed simulations with different noise intensity, Table 2
shows paramsters and noise Intensity seltings In experiment
B, Noise intensity seltings were 10% as defauit condition, 5%
a3 low nolse intensity condition and 20% noise as bigh nolse
inteasity condition, Simulation with 10% noise is same as
simulation of default p seMing i exper Al
Slrmations and i ion of each p st whre
performed individually.

50t

Fﬁ; B. The result of fon with wtoflow
is thown, Amp!mée of Blond flow wavefosm was reduced compared
W f of simulation with defilt p sening.

Rt Praszung [mmiie)
2532888

Fig. 9. The renlt withp setaf high Ry
s shotvn. Blood flow valume wis Tower than thet result of simulation
swith defsuit parameter setting. Mininsun blood How was Iower than
he stnssfotion with porameter set of high R,

V. RESULTS
A Different Parameter Settings with 10% Noise

Figure & to figure 9 show results of computer simulations
in experiment A In 2l figures, black line shows blood
pressure and gray line shows bleod fiow volume, Through the
computer simulation experiment, bood flow was simulated,
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Fig. 1 The result of computer sonlstion with 5% nelse is shown,
Lass noise was abserved compured to the result of simulmion with
defauitsetting.
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Fig. 11. The result of computer Simulstion with 3% nolse¥s shown,
t:ug«mﬁnms-nhstmd compred to the result of simulation with

Dafiut 1613 05760 03433 0.4660
Highfy  0AS1T 04810 3400 0.3250
mwC &84T 297 04933 1183
High®y, 1320 o472 02600 . 0.2050
Ertor values between presct J and wamm in e
& were o e

Ervor i
valee of parsmeter. Muximom mw‘ﬂm w!udt is envnn wf R, iy
result simulstion with dow €, -

Figure 7 shows reduction of maximum Blood flow
compared to default perameter selfing. Figure 8 shows

reduction of amplitude of blood flow volume sompured to

default parameter selting. Figure 9 shows total blood fiow
veduction compared with default parameter setting.

All vastular pargmeters were Jdentified using those
simujation data, Table 3 shows identified perameters. Ervor
values between preset vascular parameters and identified
vaseular parameters are shown in table 4. Maximum emor
was 494796, which ts ereor of B in resull of simulation with
fowC setting,

B. Different Noise atensity Settings
Figure 10 shows the result of the computer shnulation with
5% noise intensity. Figure 11 shows the result of the
computer simulation with 26% noise intensity condifion. In
botl figures, black line shows Blood pressure and gray lne
shaws blond flow volume, Through the computes stmulation

experiment, biood flow was stulated,
Figure 10 shows decrease of noise compared i the

simulntion result of defoull noise intensity that is shown in fig.

6, Figwre 11 shows increase of noise compared o the
sispulation result of default noise intensity.

Al wascolar parameters were idenfied using those
simulntion date with different nolse settings, Table § shows
identified parameters. Ervor values between preset vasoular
porameters and identified vascular parameters are shown in
table 6. In experiment B, maximum ereor vas 0.7200%,

- 1.913% and 11.56% for duta with 5%, 10% and 20% noise

intensity, respectively,
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TABLES
ERR0R 07 LORNTRETY PARAMETERS BN EXpERINENTH
& [ L By
Eefault 1553 Q9750 01433 04006
Low Q4667 #4280 i) O05853
HNidse
High $156 4764 2530 2500
E‘aw values briwess preset p and idvniified
in B were Inted. Hrror 35 wepressed v p w
e value of parsoseter.
V. Discussion

1n ovder to Improve artery testing, vasculsr systom modal is
usefisl for compeehensive ewslustion for physiotogical
characteristies of blood vessed beesuse vasoulae pammster
indicates the charsoteristios of blond wessel, Our luboratory

§o2

s boen lopling the math ioel model of vascular
system and identi c:rmcm method for i & I
this study, we construeted and verified o wethod for vascular

Vasoulay parameter indicates phystologicel charscterisiios
of blood vessel, which Is important information for eriery
xwmgg In order to Improve artery tesfing by employing

perameter ideatification for artery testing that inch filter
i Wenttlication sigorithm. W corfed out sxpent i

t , the values of vascular parameter should
b izt We fiope our study will contribute o

erder to verify the pecformance of the Identification methed
o identify the Yar y : .

Through the somy Tenuiat peciments, blood flow
was sisulated in all parameter setting and nolsc intensity. Al
vaseular parameters were identified wsing imitated blood
pressure and simidated Mood fow velume,

In expuriment A, stmuleted Bood fHow wvaried with
different paremeter settings. Stmulation resuit with high &,
showed reduction of maximum bood flow pared 1o

improvement of artery testing and o reduction of the
martality of utheroselerotic disease,

BEFERENCES
1] & blendis, P, Poshe wnd B ings, {fubal Qs v cord ke
disease prevemion mwd contesl. Gensvr The World Healy
Crgnnization iy solluboration with the Weeld oot Fedesation and the
World Btrake Crpuniaatinn, 2081, ¢h 1,
[T Yemﬂk», 5 W?\ald&'ﬂn awf H 56 Lopnik, “Pesting o the

defalt paramater seiting due to high Wood flow resistance.
Simalation vesult with low € showed reduction of ampiitude
of blowd flow volume compared to defhull parameter getting
die to Jess lasticity of bood vessel, Simlation result with
fow Ry showed tomwl blood fow mduction compured with
default parameter seiting dus to bigh Blaod flow resistance at
peripheral cireulation. In sxperiment A, the meximum error
of the parameter was 4.947%, which is smaller evor
emparsd to nolse ntensity of 10%.

I enperiment B, waveform of blood pressure and blood
flow contains noise. Bimulation results reflest differences of
nolse ‘intensity seiings. Volues of mnimum emyr in
experiment B were 0.9200%, 1.913% and 11.56% fr dats
with 5%, 10% and 20% noise, respectively, All error was
smatier than nolee uensity thal meuns wrer betwenn setual

AN i m TR nvr\:

Those result shows thet error values of identified
paramiters were fess than noise that means ervor of measured
duta. We condirmed Gt we were sble lo construet n method
of vascolar parsreter ideniiBcation for sriery testing that can
identify the tor pasametor ty regardiess ol nose,
i order to establish 2 new cofinieal index with vascular
parameter ideptification for artery testing, studies of
mwsm*uncn! o Ewmg body m verify the noise-resistant

method ore needed,
Vagenlar ;xammstm will be identified In more amwants of
subjects incleding subjects who have a sign of atherosclerotic
disense in oder o blish the dard of i
parnmeter values,

Vi ConcLusion
In order to identify the vascular paramecter acourately
vegurdless of nolse, we 1 8 method of i

prenneter ientiication for artery testing that clude Blter in
the identification alporithm, We verified the identification
method through computer simulation experiments, Results of
experiments showed that ervor of Identified prrameters vas
fess than nolse intensity that means ereor between actval dats
and d dita, We di 4 that we were abile o
consiruct 8 noisevesistant method of vaseular paremeter
identification for ariery testiog that can identify the vasoler
pararmeters accurately veguedless of nojse,

i Yazeuior L A ok 135, pp
wZde0l6, Tuny RIDT,
{31 4, Gethed Heanan, §. M, Gurdin, K. Tt 5. dlolder, 3. Ko, sad
T.2 Nm fir mcu mﬁng:

&

Soiiety the Segiety
i me Medmnwmﬁﬂwﬁogg Virne, bfed, vok. ﬂ yp $83-200,
W, B0

mrnm«mm' ion T £ Physivtagy. London:
Hodder Arnodd, 2008, pp. 13,

{51 1 BE Vaditls, B 3. Bojoss, & Seis Lo Faolly, B Dis, S Berce,
“Ausesement of seiutionships between blood proswre, pulse wive
welocily and dighal volomse pulse,” Compasess in Condiology, g
BD3U96, 2008,

] MG ’§ wyley, “Lise of radow excitoting mé wa! analysis fn l!u

sytemn,”

Cire. Res. Vob, 18, po. 305595, 1965,

20V Ve 3R Boston, W A, Simann, & F, Antaki, “Estimation of
syslemic vaseular Bed premneters for ariificial buter contro),™ FEES
Traws, Awropraiie Contred, wol 43, n0. 8, pp. 165908, Jun 1998,

(8] 84 4 Comlen, D L. Russell, T Mowivend, “Devidepmint of &
wsthematica? weedel oF tie hu clentuony sySien,” An Bluosed
g, vol. 34, pp. 1001413, Bapt, 3606,

[¥F K. Hestks, ¥, Saakaei, T. Jikeye, T. Yamane, T, Tsuisef, “Osling
Parameier Ieatifieaion of Sesoni-Order Systemi Cireufution Mudet
Lising the Dreite Opecaton,” detifl S, vel, ﬁé,m 14, g 957990, Mov.

et
{10} K. Kowks, V. Banked, T, Yomans, snd }"‘ *mwa, “Hathmation of &
stenteny based on @ i tsssting wd
substivuting mdlac funetions by o rabouc wm; hearl,”
ADVANCED ROBOTICE, Vol, 19, pp. 38049, Avg. 2008,

{83) R, Kossba, Y. Sookod, 7. Yomene, ¥ Toumd, “Resonnnt Froguency
Controt dbetbad for Tow! Atificial Seut: Is Viso Stady” At Oeg,
wol, 33, w2, pps, 1572100, Feb, 2007,

12} R, Hesale, V. Sandad, 7 Bbvye, 7. Yamens, and 1. Taatnd, "Online
Parumeater destification of Syslemic Cireslation Model
Delia-Opesntor in dohnet Bupusioenl™ I Proe of IEEERSF
2p02, Lauseons, 2002 , pp. 19604474,

{331 H t(ofm, H. Madets, K. Skdyems, Y. Orme, T, Toomed and ¥,

Asseisimest of Viscohir Resbiante 8t Aty by wing
M&mﬂw St of the Vasoulor Systom: Vesifieation by Animal
Experments,” Frons, Jop. Soe. Med, ond Biofog Eng, vob. 49, no, §,
pps S0, BOFL. Ha Jopminss

[




- G —

Wearable Parallel Processing Based High-Resolution High-Speed
Electroencephalogram Monitoring Integrated System

Alexsandr 1, lanov, Hireaki Kawamoto and Yoshiyuki Sankai

Abstract — Daiiy use uf e!eeimmupbmgnm TEEG) could
{he effect for However,

cureent Drsln mositoring mmmlu ms: e BY 100K
chavacteristies necessayy for dolly wse, such ay poriability,
sesponsiveness or wersatility. Yo his study we developed o
poriable prototype for high resolution resktime EEG
monitoring folly Integeated systue, The pmutwa is umpoml
ufﬂlmmnﬁ:kxﬁﬂﬂuwﬁﬁ* 1 and up

Beveral BEG technologies are available commerciallyfdl.
Systems such ag the BCI2000{3] and the G.Tec {Guger
Technologies, Austria) ore widely used in medicol and
academic facHities. Such systems are capable of high spatial
and temporal resolution. However these products rely on
passive reststive electrodes mquiring the user to performn skia
preparation and lose signal quelity with time[6]. Morcover

i des. The des Bre d {ogether
bynﬂngx flexible, elnstic grid which Is attached to un adjustable,
ik baved mechaniest headpenr. Real time prozessing was
performed wing o moblle Compute Unified Devive Architecturs
{CUBA) platform for massive parsliel processiog of the data.
Expertmentz to fost the capabllities of iz pratotype were
performed, The first experiment consisted of monitoring the
frontal fobe when applying visuel stimulus using 2 lamy, When
thie Tuiap was furned on weak alpha waves were detevted, while
when the hm& was turned oil’ alpha waves were detected, The
seeond fsted of ¢ the eniier maotor
cortey white moving the sight hand, At mi, strong mevlythm
signals were defected over the entive scalp above the motor
cortex wheress whon moving the right hand mu-rhythn sigoals
sbove the Teft motor rcorfex wres were weakened. Both
experiment résulls matched known brain activity phieapmenn
demonstrating basic monitoring capabilities of the protolype.
Furihetmore we showed dhat oue systes has bigh poriehility,
usability and copable of high vesponsivencss oa high resointion
conditions. The congepts lnimﬁmd i thils paper can :m‘t only

EEG monitoring techuologles but slso
ather areas of wearnble mpmg.

i, INTRODUCTION
Bm\m activity monitoring technofogies are fundamental
tools in the of logienl  disord

rehobilitation  techniques,  assistive  device Interfacing
methods[11-3] and are becomes mmw%ngly lmpcmant; i
sovial and enteriainment mapects of wea

Lrepending on the patient or situstion, congtant mamwring
during  deily  Hfe s desimble  or  requiced.
Electroencephalography  (BEG)  monitodng  has: been
taditionslly suggested for daily brain getivity monitoring as
compared to Magnetic Resonance  fmaping (MRE) or
Magnetoercephalography (MBG) it fs & much cheapes,
smalier and vessatile solution.
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such devices are used a5 nonwearshle computer peripherals,
as the beadgene mnd eléctrades are connected through o serdes
of cables 1o a standelone Anlog-Digital Converlers (ADC)
unit which is connested to & host personal computer (PC).
This desipn limits the motion freedom of the wvser and
application scope of the system due to the low portebility and
usabifity.

By controst, systems such as the Epoc headset {(Emotiv
Systems, Ausratia) or the Mindwave headset (Meurosky Ine.,
U8A) bhave been developed targeting  entertminment
applications: These systems are characterized by having high
portbility and wearability, However, dug 1o the fixed
mechanical desipn they lack the versatility required for several
mudical wnd academic spplications. Morcover; the Hmited
onboard processing power Hmits meximum aumber of
channels & headset con have ond an external FC is sl
required for several appticanom. Furthermors the lag
originated from the wirel i the PC and
the headset s an issue when real-time processing is required.

From an endenser point of view, brain activity monitoring
requires a device with high vsebility and portability that
minimizes the impact on daily §ife of the ¢nd-user. From a
professional point of view, o device showld provide high
spafiat and temporal resolution for high responsiveness and
signat reliability, it should be strong sgainst noise sources and
it also shoutd be flexible enough to provide the opportunity
for & wide range of spplications over the sams platiorm, A
conimon device that can be used by hoth professionals and
end-users would streamtine application development ns well
as increase dats consistenee. However such devive would also
require high usebility, portability fom the end-user
mquirtnmts as well a5 the high vcmtxhty wnd x::lmbamy from
the p In @ the

hors b f*m'iopcd ahybrid s:apmstwe—mamiv: electrode
for bloelectrical signal capab!s of sigm! quality compusable
with ein} electrod g high reliability while
also achieving high mb;iity asno skin preparation is reguived
and the siznal does not degrade with fimef7J81 Purthernuore,
while mobile Central Processing Units (CPUs) are not fast

envugh to perform date cofleetion and foquency snalysis
simultonesusly and i real Gme of o Targe aumber of sensoes ol
high sampling frequencies, the peradlel nalure of BEG
monitoring is compatible with the concepts of parallel
processing wing Graphic Processing UnlisfGPUs) Other
reseechers huve sleady demonstrated the signat processing
capabilities and significant pecformance advantages of GPUs
using Compute Unified Dievice Architecture (CUDANDII0L
By integeating ot hybrid electrodes with & mobile, onboard
GPL bused dute processing system using a moduler design, o
novel wearsble all o one BEEG monioring devies b
provides simultancousty high wsability, portebility, veesatiliy
and relisbifity can be acldeved.

Tathis study we develop s novel integrated BEG mondtoring
system combining eapacitive bioelectricol measurement and
x;araﬂei wmyuhng iec:hnnlcgze.s. A por&ah%c high-resolution

pased of up to 112 sensing
etemmﬁes and p w 7 refcmnw custom hybid
captci v el des was 1. In ovder fo
record and analyze the mossive amount of data from the
headgenr, 8 CUDA based wenrsble processing system was
duveioped providing real-fime sigen! analysis for soch smple
at § KMz sampling rates. -

. MATERIALS AMD METHODS

A Hardwore Development

In thiy study hybrid regist soitive of des that we
wraviously developed were used 25 BEG sensors] 7181 BEG
recordings am performed throuphout active resistive contact
with when the electrodes ave capable of electromechanical
contact{resistive mode). However, in the cuse of poor contast
conditions, the ¢leckrodes copacitive coupls with the sealp in
order to porform the readings{eapachtive mode}, Figd shows
the eguivalent eircuit when the electeodes are In use. This
modet also includes noise from capacitive sources as

R R
oy = Bl et 2, @
o ’me zm‘ti - zﬂ& =

where ¥y, is the bloclectrical signal voltage, ¥, is e
elestrode Input voltage, V... s the total noise sourse voltage at
the skin-electrode surface, ¥, ds the tolel noise soures voltage
on the electrade board, Z I8 the skin-clectode inlerfuce
fmpedance, R Is the slectrode nput impedince, 2.y i5 the
noise iaput impedanee at the skin-clectrode lnterface, and Z,,
is the noise input impedance on the electrode brard. This
soise con be significant if the electeodes are in capacitive
mode, Howsver It can be tinimized when the sensor fnput
Impardanee I optimal, when 1t I lege enough to make the
sensor elestrode 1o eapaciiive BEG signals but low snough o
refoct capacitive nofse signads from the envivonment. Input
impedance is oplimized using

v {2
& Fase B8,d2000 }
where € is the diel in & 15 the relative

divtecteie constart to the material, 4 is the cledhrade lend
sensing arels nearest to the skin, fis the frequency of the target
signal and o is the distance butween the skin and the electrode
leaawnsed on this modet and sxsuming & mazimom 1 mm

¢ ﬁm Jectrode and the scolp, v clectrode
mensuring B4 mnt®, with total sensing area of S’ and input
impedance of § 'mm«‘ ped. Neise frag specirunt
" ent experd wWere §
and capecitive sodes by pia«:mg two electrades face fo face
on differeatial inpus. The rosults are shown in Fig. 6, Chapter
3.

119 hybrid electeodes were used to assemblé a headset, s
shown in Fig. 2 and Fig: 3. The headset is composed of two
smain elements. The Srst elemont it o variable Hnk mechanism
designed using statistical head snatomicsd dats provided by
the Japancse Matione! Institmte of Advanced Industriet
Seience and Technology {AISTIHT] The flexibility provided
by using an articulsted Mk mechanion allows the headsst to

* gt on wide sange of head genmetries, The second element is

an elostio net which s attached to the Hnk mechanism. The:
elagtic net is responsible for keeping te link mechanism
closed when worn due to the stastic force towands the inside to
the headset as well as belng the docking plase for the
wesiradss,

The electrodes are placed as shown in Fig 4. This
placcinent method s fully compatible with the International
16-20 Method for EEG electeode placement. The electrodes
are divided i 7 groups of 16 mensurement channels and §
refbrence foe w total of 112 chamnels ond 7 references, The
aption for having using only one reference dlectrode for ol
measarement shannels is alse avidiable, Bach electeods group
is conneeted o a difforential faput capable 16 chaned 16 bt
ADC modate ns shown in Fig. 5. Al elecirodes and modules
can be frenly added mmaveéimed o the nser's need All -

are & i B LISE 340 to & duad sore Tntel
Alom Based mother-board witha CUDA sapable Nvidiafon 2
chipset,

Humian Body

Fig, 1. Eleoteads equivalent eiveuls
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system with hiph portzbility and removed the need to have an
externsl host PC, creating an al!-in-one integrated system,

The data fer & fes and the GPU
equipped mother-board was ;:erfotmcd by seven i6-channel
modules. This modaiar design allows usees to add or remove
atwill. Taking adventage of this design professional users can
perform experiments and development using high-density
sensor networks, whereas when  supplying the EEG
monitoring system for the end user they can easily reduce
hurdware and optimize the system for the target application
while still maintaining system consistence, thus reducing costs
but offering a high application flexibility. In this' study our
system was a proofeoficoncept prototype, thus also containing
not optimized off-the-shelf parts, such as the motherboard
conlaining the GPU. With the popularization of GPGPU
capable System on Chip devices such a5 the Tegra 3 (Nvidia
Corporation, USA) p further miniaturization snd
increase in power efficiency can be achieved in the near
futare,

EEG signals are used extensively on sleep disorder
disgnosis amd  treatment, assistive device control wnd
neurorehabilitation[1 ]-f3}. The effectiveness of some of these
applications can be dependent on the frequency at which the
patient uses EEG monitoring systems and is able to provide
feedback to anesell as well as to the medical saff. While
testing our new integrated system on a clinical environment is
required, our tests with healthy participants suggest that the
techniques in this study are a step forward in to increasing the
|mpnc1 of EEG techmlugtes have in the medical field,

the iques introduced in this study con be
axtmdcd towardsother fields ofwearable computing, robotics
and medicine,

V. CONCLUSION
In this study we developed a novel integrated EEG
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record and analyze the of data from the
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Affnity Insprovement of Supyport System by Use of Active Alr Mattress

Yasubise Hosegawa™; Munenori Tayama?, Tukefursi Soite"?,
Takeaki Hosegawa®® and Yoshiyuld Sankai®?

This paper proposes no. avtive air matizess to improve sffinity of an upper imb support system. The affinily is

developed by severat temi, An easiness of an hing and rel pracess of the suppost systers contributes to
o short-bermn aifinity, © tubl wnd gense of helonging during wenr belongs to a long-term afinity. Hoth are
viry dmportant in addition to support functions of the system. The sttive aly i fnstalled in & park

&mampmwmmmmammmqmﬁamﬁmm and then changes the contacting srens

with & human skin in order to k blood ¢

dath mundtbe tacting sren. Ext wir from aie

‘chrmbirs Is revsed 1o ventilate aronnd s f

skin. Tt s oval d th From vi of

pressure distribution, blood fow, wearing time, releasing time, body-holding rxsicmy, m»pemnm and hﬂnﬁdlty of

# husman skin.

Koy Words: Afiinity, Afr Martress, Easincss, Comfort, Support System
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