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Abstract—The paper is concerned with the state examination ananipulation of the knee or shoulder. In 1970, Rofi:

well as the problems during the post surgical @ptdic)
rehabilitation of the knee and ankle joint. An alvsgion of the
current appliances for a passive rehabilitationia=y is presented.
The major necessary and basic features of the ligeet
rehabilitation devices are considered. An approdch a new
intelligent appliance is suggested. The main acget of the device
are: both active as well as passive rehabilitatibthe patient based
on the human - patient reactions and a real tired Back. The basic
components are discussed in details. The main mofdgseration of
the device are considered.

Keywords—ankle, knee, rehabilitation, computer control.

I. INTRODUCTION

There is an increasing trend in using robots fordios
purposes. One specific area is the rehabilitatidie
percentage of persons suffering from muscular wesdkrof
the lower limb can oscillate between 0.05% and 1f%he
total European population, during 2006 by the stia it is
reported in Bulgaria have been done 59700 martipuok of
the lower extremities (0.7% of the population)..efién are
some continuous passive motion commercial (CPM)hinas
used for rehabilitation purposes. However, thesehinas
have limited use because of their insufficient motireedom.
In addition, these types of machines are not dgtive
controlled; they have not feedback and therefore nat
accommodate complicated exercises
rehabilitation.

With this study we proposed a new intelligent méarac
system which can accomplish active and passive lamek
ankle rehabilitation based on feedback force cdnttere an
intelligent computer control structure with four giee of
freedom mechanical system is proposed.

II. ACTUALITY OFTHEPROBLEM

During the past 3 decades, continuous passive m¢G&M)
devices have become a generally accepted partsbispagical
treatment to promote healing and regeneration ot jo
cartilage. CPM machines for rehabilitation in thiic or
home are used post operatively to prevent joififnss after
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Salter, MD, PhD, a Toronto orthopedic surgeon, ttogiewith

a succession of research fellows, first investidatbe

biological effects of CPM on healing and regeneratof

articular tissues in rabbits [1]. Later, Salter dmsl colleagues
began applying this basic research to human patidritey
found that nine selected patients "have been velgtiree of

pain,
operation, and have accepted the application of @M

As described by O'Driscoll and Giori, Salter's bgsiemise is
that "because immobilization is obviously unhealfiyjoints,

and if intermittent movement is healthier for boibrmal and
injured joints, then perhaps continuous motion \ddut even
better." However, because patients could not beerp to
move their injured joints continuously for hoursaatime, the
movement would, of necessity, be passive. "He bi®ved
that CPM would have an added advantage, namelyiftkize

movement was reasonably slow, it should be possibépply
it immediately after injury or operation withoutusang the
patient undue pain [2].

According to Hammesfahr and Serafino, CPM "is oh¢he

primary methods for decreasing the deleterious ceffeof
immobilization and can deliver orthopedic, neuridady and
even circulatory benefits to the patient. Immolaian, in
turn, can create deleterious sequelae of physicdbgand
functional impairments [3].

required  durifithrough the years, CPM devices have been createnhdst

of the major joints of the upper and lower extreesit but they
appear to be most frequently prescribed for posjisal use
in injuries of the knee or shoulder. CPM is gerlgnatovided
through devices mechanically designed to bend Exddints
at a given rate for several hours

[ll. CONTINUOUSPASSIVEMOTION DEVICES

Motion and stress are important for the maintenaote
normal connective tissue and the healing of injur@anective
tissue. Motion enhances blood flow and decreasdsn. pa
Passive motion involves movement of a joint withaative
contraction of muscle groups. It is used to maimtainge of
motion (ROM) and flexibility in joints in the early
postoperative and rehabilitative period after styge injury
when active movement might disrupt the repair pseaer is
too painful to perform. Continuous passive motia a
rehabilitation technique that involves introductioof
progressive passive range of motion (PROM) to dremity
through an externally applied force.

have maintained the increased motion gained a



Here are presented a few of the different CPM deviceach joint (for instance stepper or DC motor, vouasl

Danninger, Kinetec, Mckelor, Ormed, Optiflex. Gealrthe
CPM devices operate separately for the knee ontii@ankle
only.

The Kinetec Spectra Knee CPM for knee patients (fignd
fig.2) can now be addressed with a carriage
accommodates all patients, age 8 to 80.

Kinetec Performa Knee CPM equipped with a reliabiepoth
and quiet screw-drive transmission. Standard featinclude

actuator e.t.c.) and controlled by a microcontroliesing

force/torque with online feedback and position sens
information.

The key features of the device will include: a cawetpdesign

thatith highly tunable force/torque capabilities, cahtcircuitry,

sensors, and real-time closed loop computer confwol
optimizing  rehabilitation  exercises.  Algorithms  for
synthesising appropriate control of the knee arkleajoints

seven speed settings, manual set-up mode, prograimmavill also be developed.

muscle stimulation and adjustable force settings. UL-
approved computerized hand control is completelyenmoof,
and its built-in pediatric capability eliminatesetmeed for
costly attachments for children and shorter adults.

The mechatronic system will operate in two modeariing
and therapy. The control technique is selectedtter force
control which aim is to specify the relationshiptveeen
position and force. Proposed intelligent controieucture is

The Optflex and McKelor (fig. 3 and fig.4) have anused to tune the parameters and can modify itseffraing to

innovative, sleek upper carriage which produces eay v
durable and comfortable CPM, extended range of anoti
within a compact design that is capable of accoratiog
patients with limb lengths up to 206mm.

Fig.3. OptiFlex Knee CPM Fig. 4.McKelor DC &an CPM
Many researchers have developed different rehafbdr
devices. For example, Krebs et al. have develomedhave
been clinically evaluating a robot-aided neuro blitation
system called MIT-MANUS [4, 5]. This device provie

the reactions of the patient.

A continuous passive motion (CPM) device in somgesas
not suitable for active physical therapy. For exEmpuring
the rehabilitation process, patients sometimes mthesr
extremities suddenly due to reflexes. On conveation
machines like CPM, don’'t respond in this kind dlations
and continue the given cyclic motion. If a refleauses a
patient's leg move while the machine is operatirag
improper load results and can damage the patiemiscle or
tendon tissue [6].

Because of these disadvantages, there is a neegdte an
new intelligent device which can accomplish the
rehabilitation of extremities based on the patiens
complaints and the online feedback during rehabiliation
processes.

The aim of the project is to enhance the intelltgeamtrol and
sensor technology to be applied in an innovatieepeate and
easy to use rehabilitation system. This will imprakie quality
of the rehabilitation and the postoperative process

IV. MAIN CHARACTERISTICSOFTHE SYSTEM

The rehabilitation system will perform the flexiaxtension
motions for the knee rehabilitation. It can makexitbn-
extension, plantar flexion-dorsiflexion, abductiadduction
and inversion-eversion movement for the ankle joifite
device has to be designed for both left and rigivelr limb. In
addition, it can be adjusted for different limb dinsions.

multiple-degree of freedom (DOF) exercises of uppefhe devices mechanical structure will use the classl

extremities for stroke patients. They are not atyicontrolled
and do not incorporate any feedback from the patieming

the motion. Also, the patient’s reactions during txercises
need to be taken into consideration to change anttal the

exercises actively as a real physiotherapist wll @his can
only be done with intelligent devices which can idecthe

type and pace of exercises based on the patiemt’'glaints
and reactions during the physiotherapy.

This paper is focused on the development and tesgrof a

new type of controllable complex (active and pass#®y knee
and ankle rehabilitation device with online feedbak. Here

an intelligent control structure with four degrek feeedom

mechanical system is proposed. It can make flegiiension
for the knee joint, plantar flexion-dorsiflexionbduction-

adduction and inversion-eversion movement for télea
joint. This manipulator is driven by appropriatetusdor for

methods for fixation the knee and ankle.
The rehabilitation device must have the followingaim
characteristics:

- Automatic anatomically correct alignment,

- Feedback force control to evaluate and limit the
amount of force,

- Speed control: from 40°minute to 145°%minute

- Effective passive mobilization of the joint;

- Multi-Mode operation — active, passive and their
combination during every cycle, pause in flexion
or extension;

- Adjustable in length from small children to large
adults.

- Remote control with digital display allowing
easy adjustment of all parameters - range of
motion, speed, pause and timer;



- Large range of motion: knee -3° to 130°; ankle
plantar flexion 40° dorsiflexion 30° internal
rotation 30° external rotation 30°;

the following characteristics: 16 bit CPU, workifrgquency
up to 25 MHz, 64KB flash EEPROM, 4B RAM, 1 KB
EEPROM, 29 digital input-outputs, 8 10 bit analog

- Patient and user safety: The patient can stop andhannels, serial peripheral interface /SPI/. Takimig account

reverse the unit at any time; The movement
reverses if the load is excessive,

V.SYSTEMHARDWARE. CONTROLAND ACQUISITION

The system hardware for controlling the manipul&whown
on fig.5. System hardware will consist of a steppetor with
its driver, force/torque sensor and controller fogasurement
of force and torque data that come from therapisi @atient.
Position data will be taken by encoder emulation.
Autonomous control system is developed for obtajnamd
visualizing of human motion data. The developedeysis
consisted of sensing, data acquisition and graphisar
interface (GUI). A microcontroller transfers recedd data
during each cycle to the PC via RS485 interface.

The complete autonomous system consists of founagri
components - sensing, data acquisition, commumwicagind
friendly oriented software for interpretation ofethdata.
Sensing involves the devices that interact with phgsical
world and give information about it. Data acquditigathers
and digitizes the information from the
Communication takes this data and makes it avalgirough
the RS-485 lines. Once the data is transferredargety of
different interpretations are possible with PC.raghical user
interface will be created to visualize downloadathd
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Fig.5. System Hardware. Block Scheme

The proposed control system will be designed arstete

External sensors and encoders measure knee anel jairkl

position in real-time and send signals to the ndordroller.

These sensors data are used in every step of thigoko
algorithm in order to optimize the force and pasitiduring

the motion.

The microcontroller serves a few different functorFor

communication, it job is to collect sensor data angate a
serial bitstream. In order to get all of the da¢aed, we had
to coordinate all of the different features of

microcontroller: analog and digital /O as well @D
conversion. For each individual sensor, efficiende was
written for the processor to integrate all of th&tadinto a
single serial stream.

In order to fulfil more complex functions for pass and
active rehabilitation, an intermediate controlleprovided. In
view of the requirements to this controller (speedpugh
input-outputs, communication capabilities, codingels for
coding), we have chosen a microcontroller of thengany
Freescale former Motorola/ from the family MC9S# with

the

the price, we have chosen the microcontroller RTBA32.
The structure of this family is shown in fig. 6.
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Intelligent Controller

The mechatronic system will be controlled by areliigent
controller which will incorporate the preloaded alatbout the

sensorgPatient and provide an interface for informatioomflbetween

the manipulator and patient.

The TMC428 (Trinamic Motion Control Ltd.) is a
miniaturized low cost and high performance stepmetor
controller for up to three motors — fig.7. It intates all real
time critical tasks in reliable, dedicated hardwaren
integrated motion ramp profile generator as well as
adaptable micro step sequencer with micro step Rable.
Advanced stop- and reference switch handling allpresise
and fast referencing as well as on-the-fly positabrecking.
Automatic motor current control gives high motomeynics
while saving energy. The interrupt output can gateeprecise
position pulses.

TMC428
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|

Fig.7. Three Axis Stepper Motor Controller. Blocgh®me

The TMC428 directly connects to SPI drivers or teps
/direction drivers. A second SPl interface allows
communication with a host microcontroller. The host
microcontroller just needs to do high-level contragks, e.g.
giving the command: Drive motor 2 to position 100he
TMC428 then automatically calculates the motion parased
on velocity and acceleration parameters.



VI. CONCLUSIONAND RESULTS

The system is expected to be a very useful onsupporting
the knee rehabilitation and restoration of motaerctions. This
safe, reliable and dynamically controlled devicdl wipport
the patients to autonomously perform the knee ragov
training from the early rehabilitation stage on tiev quality
level.

The realization combines the following medical @aadhnical
activities:

e Planning, programming and realization of the
repetitive functional knee training taking into aoaot
biomechanical patterns as well as specific patthsbrders
and disabilities (dislocations, spasticity, musstkength, etc.);

« Programmable and dynamically controlled flexion-
extension, pronation-supination and adduction-atiolic
motions on the lower limb joints;

e Assessing and supporting the own initiative, effo
and will of the individual. Quantitative measurenserof
patients motor-functions (limb motion, forces, maaical
work etc.) needed to assess and document rehtobilita
outcome and improve therapeutic approaches.

e Storage of patient data to study the progress of
rehabilitation;

¢ Minimum alteration of the loads and pressures
applied to the lower extremities during the actipalssive
mode;

» Minimal maintenance and medical staff exertion;
The system will be designed to support the knetratson of
the various patient groups with orthopedic dissdsuch as
complicated fracture-dislocations (with open figais),
simultaneous surgery at both extremities (e.g.|t&tzee
replacement and high tibialostheotomy), total l@placement
or bedridden elderly patients with multiple pathpés,
(cardiac or pulmonary disorders).
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