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Abstract— To apply guiding forces in gait training, it is
important to know the forces that can be perceivedperception
threshold) and the forces a patient cannot resistrgsistance
threshold). In a pilot study we applied lateral focces on the
pelvis by means of a virtual spring on three healty subjects
standing. We measured forces on the pelvis and la# position
on the pelvis. When instructed to follow the exeri forces, the
subjects started moving when forces reached 12.5 NWhen
instructed to resist forces, the subjects were cap& of resisting
forces up to 40-60 N.

. INTRODUCTION

N gait training robots the paradigm is shifting rfro
position control [1] to interaction control [2-4]The
algorithms apply corrective forces based on pasitinangle
errors between target patterns and actual
performance. To implement interaction control, oty
target patterns are required, also knowledge omrfiieets of

corrective forces.

To promote active participation, it is relevantrtmke a
distinction between guiding forces, that give athim the
patient and enforcing forces, that ‘overrule’ thatignt's
contribution [5]. To develop a strategy based otdigg
forces, it is important to know how subjects respdn
forces.

(see Fig. 1). The spring stiffness and the positibthe base
point of the spring were controlled in the experitse
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Fig. 1. Setup for applying force to the pelvis. Ajimittance controlled
actuator with lever and rod connected to belt. Bjudl spring attached to
the pelvis.

patient

We performed two tests. In the first test, we asttede
subjects (length 1.88+0.03 m; body mass 77.00+Rg50
follow the force that they felt on the pelvis. Thaiding
force was generated by a virtual spring (see FR). The
base point of the spring moved randomly to eitledt or
right for 12 cm in five seconds. The test is coasid
guasistatic since the motions are slow (2.4 cm/s).

When the subject stands still, the force slowlyréases
until the perception threshold is reached, and them

respond to guiding- and enforcing forces on thevipel
during stance. Results can be used in the develapofe
strategies on balance training during gait [6].

We performed an experiment in which we appliedrédte
forces to the pelvis of healthy subjects. The sitbjeas
instructed either to follow the force or to redts force. The
goal of the tests is to identity a minimum amouhfarce

subjects can follow the force, we used various ngpri
stiffnesses: the subject adapts his pelvis postbaninimize
the interaction force. Higher spring stiffness,uiegs either
more accurate positioning or results in more flattn in
the interaction force. In ten trials the followirgpring
stiffness values were used in increasing ordet2@, 31.52,
62.5, 125, 312.5, 625, 1250, 3125 and 6250 N/m.

that makes the subject voluntarily follow the force In the second test the conditions and subjects eeuel

(perception threshold), and maximum amount of fdic

the subject can resist (resistance threshold).eltteesholds
can be used in the design of control strategiegréoning

weight shift and balance control in gait.

Il. METHODS

We used an admittance controlled servomotor (Mo4g C

actuator), connected to the pelvis with a waisastrThe
setup is capable of displaying a virtual springtie pelvis
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to the first test, the instruction however was ésist the
force. The destabilizing effect of the resistancecé is
dependent on the base of support and the locaticheo
center of mass relative to the base of supportinsteucted
the subjects to stand with the feet next to eatteroand
keep the body upright. The force slowly increasds|e the
subjects stand still. When the resistance thresisataet, the
subjects can no longer resist the force and willenwith
the force.

The subject position and measured force from tiéste
were recorded at a frequency of 100Hz. The data was
multiplied by the sign of the spring speed, to @mall data
to positive values. In the following force test, defined the
perception threshold as the first peak in the mreasforce,
since this indicates the start of following theckr

For the resisting force test a similar approachalen,



except that the peak force represents the maxinauoe the
subject can resist. When the peak is reached, ubfea
cannot
Consequently the measured force decreases.

A. Guiding forces — perception threshold

For lower spring stiffness no clear trend in thepanse
was visible, indicating that the subjects did netlfthe

RESULTS

and length are of influence on the amount of fageerson
can resist. However, these results provide sufficie

resist the force and follows the movemeninformation to build tests where dynamic followingnd

resisting forces are applied during walking.

A possible explanation for the variance of subfat the
resistance test is the trunk orientation. This wast
measured, but by leaning towards the force, thgestiban
resist higher lateral forces. Although the subjeatsre
instructed to stay upright, minor deviations of ttrank
orientation may affect the resistance threshold.

force. From stifinesses of 312.5 N/m the perceptiofynether the found resisting force threshold algaiap for

threshold emerged: the force increased to 10-1théd the
subject started to follow the spring (Fig. 2 A-Dij. most
cases the interaction force oscillates around N &ig. 2
A), however in some cases the force drops to zereven
below zero (Fig. 2 B, subject 1) indicating tha¢ thubject
moves ahead of the spring. The fluctuation of tred after
the threshold is reached appears to be indeperudetite
spring stiffness, the position error decreases witheasing
spring stiffness.
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Fig. 2. Responses to an encouraging force on thespgenerated by a
moving spring: measured force on pelvis with spstifnesses of 1250 N/m
(A) and 3125 N/m (B); pelvis lateral position reape with springstiffness
of 1250 N/m (C) and 3125 N/m (D); first force peales trial (E).

B. Enforcing force — resistance treshold

When resisting soft springs the subjects hardly edov
and thus were able to resist the force. From stiffes of
62.5 N/m upward resisting became more difficulsuténg
in lateral displacement of the pelvis (deeor! Reference
source not found.A and B).

Subjects 1 and 3 were able to withstand a forcé0e60
N; when that force was reached, they were forcefbltow
the spring. Subject 2 showed a larger varianceadsmllost
balance in the 3125 N/m trigE(ror! Reference source not
found. B & D from 4.2 s).

IV. DISCUSSION

One limitation of our study is that only three sadif
participated. The outcomes of the tests are meealy
indication. Especially in the resistance testskibdy weight

walking is questionable, since the base of supmudtthe
dynamics of the center of mass vary.
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Fig. 3. Responses to resisting force on the pegeserated by a moving
spring: measured force on pelvis with spring stfes of 250 N/m (A) and
1250 N/m (B); pelvis lateral position response wspringstiffness of
250N/m (C) and 1250 N/m (D); first force peaks pid (E).

V. CONCLUSION

On the pelvis subjects perceive forces of 12.5 Ward,
and are capable of resisting forces of 40-60N, wiath feet
are placed next to each other. For gait training theans
that when guiding forces on the pelvis are usesly ghould
be 12.5 N or more. The resistance threshold forkiwgl
depends on the timing of the disturbance force, isut
expected to have an order of magnitude of 50 N.
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