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This article presents a fuzzy controller, for a robotic device, to ensure stability
of the user during the assisted sit-to-stand transfer. The first problem to be
addressed is the postural analysis of the chair rising. Experiments, with healthy
subjects, were performed with this aim in view. Analysis of external forces
shows that sit-to-stand transfer can be subdivided into several phases. The
observation of the Center of Pressure and of the horizontal component of the
handle force yields rules to observe the stability of the patient and consequently
adjust the robotic interface motion to the human volontary movement. These
rules are used in the fuzzy control implementation. The controller is validated
on experiments with healthy subjects and diseaded patients.

Keywords: Assistive device; robotic interface; human centered robotic; postural
stability; sit-to-stand; fuzzy control.

1. Introduction

The aim of the work presented in this paper is to realise a robotic interface for
equilibrium assistance during Sit-To-Stand (STS) transfer. Here, it is supposed
that interactive robotic devices, as human-centered robotics, is more comfort-
able and more efficient that traditionnal technical devices [1].

Robotics technologies have been investigated in the last few years to prevent
falls by a postural control of patients and to promote safe mobility [2], [3], [4],
[5], [6], [7], [8], [9]- But these robotic devices have no postural correction to
restore equilibrium.

Based on an analysis of the most common walking troubles associated with
aging or cerebellar syndrome we have designed and developed a robotic device
(in Figure 1) [10] to help the patient to sit-down, stand-up and walk [11]. The
assistive device handles guide the patient to rise from a chair or to sit down,
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following trajectories which are based on parameters reflecting personal strate-
gies [12].

/

:

Fig. 1. Robotic Interface prototype

‘We propose here to detail how an adapted control can give interactive ability
to this robotic interface.

2. Method

By interactivity, we intend the capacity to interpret the postural movements
detected by the sensors to trigger the movement or to maintain the postural
equilibrium.

To observe the postural state, experimental dynamical analysis of the stand-up
have been done in our laboratory (Figure 2) . Results show different phases of
chair rising, that are matching with physiological litterature [13]. Each phase
depends on interaction forces between human and handle : ﬁh = (Fpa, Fry); or
human and ground : ﬁg = (Fyz, Fyy) and their time variations. Reaction force
between human and ground is computed at Center of Pressure (CoP) which
position may be used as a stability criteria [14].

The observation of the CoP position and direction of the force ﬁh yields simple
rules to identify unstability cases or desired movement to trigger (i.e. beginning
of the STS). Fuzzy controller is used in intention detection to control neural
prostheses [15] or orthosis using FES [16].

Fuzzy controller seems to be a good way for interactivity, then we have extended
the role of the fuzzy controller from the detection of voluntary movement to
the detection of the unstability.

The fuzzy control has to fulfill two tasks, thats defined two output:

e output 1: recognition of the current phase,

e output 2 : determination of proper reaction to ensure stability of subject.
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Fig. 2. Different sit-to-stand phases analysis

The following fuzzy sets were defined for the output 1 (in Figure 3) : seated,
returned, preaccelaration (preac), acceleration (acc), start rising (startr), rise.
The detection of the phases of the STS is obtained analysing the value of the
Fh, Fg and the time variation of Fh.

?Returned” identifies the case when subject aborts stand-up and returns to
the seated position.
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Fig. 3. Membership functions for output 1
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The membership functions for the output2, that determines the movement, if
proper phase is detected, are shown in Figure 4.The following fuzzy sets were
defined:

instable (inst) : object underlies high unbalance. Quick reaction is required.
stabilize (stab): object indicates desire of stabilization.

no move (nm): no movement is necessary in the horizontal direction.
adjust (adj) : object desires another position of the handles.
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Fig. 4. Membership functions for output 2

If we denote H for high, Z for zero, L for low, EL for extremly low and EH for
extremly high, we have for exemple :
IF Fyy=EL AND Fy, =L AND Pry _ g THEN the human is RISING.
IF Fp,=H AND CoP=L THEN the human posture is stable.

The rulebase for the fuzzy control is presented in the table figure 5.

P | o d—':rf_—z = | Fhe | Fy d—‘;,’;—” %fi CoP d—%:i out 1 | out 2
Z VA — — VA Z - - - — seated | nm
H — H - H 0 H - — — preacc | mm
L - EH | L — - — H - - accel -
— EL — — L — — H — — rise -
H EL Z 7z L — VA A — — rise -

L EL H EL L H — — — startr -

EFH | EH H H H H — - - - return -
= = — H — — - L - - stab
— — - — L — - L — - adj
— - — — H — - — L — - stab
- — - - H - — - H — - adj
- — - — Z - — - Z — - nm
— — - — Z | - — - — EL - inst
= = - = Z = = - — EH - inst

Fig. 5. Rulebase for the fuzzy control
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Detection of unstable posture is illustrated in figure 6, where both patient and
robot are modelised by a 3 links model each. The difference between these two
models is in the interaction with ground. We assume that robotic interface
cannot loose contact with ground while patient could if he is unstable.

Patient  Robot f
. h
F
h
- -
TF F,

Fig. 6. Interaction between patient and robotic interface

If a subject, under perturbations, is verge on to loose his balance, he quickly
shifts the load within the foot support area in the opposite direction of fall
direction. If the impending fall directed forwards, the CoP will rapidly move
in the same direction. An according reaction could be observed for a fall back-
wards.

3. Application

The complete structure of the controller is shown in figure 7.

The preprocessing block receives forces measurement, applies a filter and calcu-
lates the position of CoP and its time derivatives. These outputs are processed
by the fuzzy logic block to identify patient posture state. Then, the correspond-
ing control mode is selected between those:

e Normal : tracking trajectory,

o Impedance : Impedance control according to the efforts of interactions mea-

sured,

e Stabilization : modification of the tracking trajectory to stabilize the patient,

e Return : the interface returns to the initial position,

The movement is triggered by the preacceleration phase.

For cases identified as a patient aborting movement, the robot returns to the
initial position. If postural unstability is detected the device motion in vertical
direction is stopped and a new desired position is computed that guarantee
patient stability.

4. Results

The presented prototype is currently in Bellan Hospital for a rehabilitation
protocol validation. Many diseaded patients, with cerebellar syndrome, have
tested the device. This kind of pathology imposes a ballast walking-aid to filter
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Fig. 7. Control structure

Fig. 8. Prototype in Bellan Hospital

shaking. The robotic interface is more comfortable, less tiresome and easy to
drive. In addition to assist in position change and walking, this device can
detect onset of fall. Then the robotic interface will response by changing handle
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position, producing a force to balance the patient, as it is shown in Figure 9.

Fig. 9. Unstable posture corrected by the robotic interface

5. Conclusion

Fuzzy logic is very usefull for detection of movement intention and unstable pos-
tures. Provided with a fuzzy supervisor, the robotic interface becomes highly
interactive.

Fig. 10. A commercial product


viviane pasqui
Draft


May 15, 2007 17:7 WSPC - Proceedings Trim Size: 9in x 6in  ws-procs9x6

DRAFT

Now, objectives are to develop rehabilitation protocols with collaboration with
the medical team of Bellan Hospital. A second objective is to produce a com-
mercial product with ROBOSOFT society. Such a product would be designed
as in Figure 10.
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