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INTRODUCTION 
 
The role of this motor unit can be fully understood only in a broader 
context. It is but an element of a new rehabilitation engineering 
approach dealing with locomotion deficiencies. Therefore, some 
general remarks about the so-called self-fitting technology and 
logical control of assistive devices will be made in the introductory 
part of the paper. 
 
Logical or attitude external control of rigidity, flexion and 
extension of joints is based on following elements 
- bionic sensory inputs 
- sensory pattern recognition 
- pattern matching control. 
The term "bionic" in this context is used to emphasize the 
duplication of some biological sensory outputs by engineering 
devices. More details about theoretical and applied features of 
logical control are found in references 1,2,3,4. 
 
Basically, logical control avoids processing of relevant 
data in the state space. The necessary control outputs are derived 
by logical processing of sensory inputs. This non-numerical nature 
of logical control has several outstanding advantages when applied 
to the design of assistive devices: 
- The control algorithm affects joint states such as rigidity, 
flexion, extension rather than trajectory courses. 
- The execution of control algorithm is independent of 
external reference coordinate system. This is true because the 
control is not explicitly concerned with the generation or 
reproduction of stored trajectories. The only fixed external 
reference needed is the vertical line which is present in legged 
locomotion anyway. 
Above features of logical control lead to important new 
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solutions in the design of lower limb passive and active orthoses: 
 
1. Distributed, soft, Interface. - As known the domineering approach 
of fixing orthotic assistive devices so far has been the "Point-
contact" force transfer. Such an approach becomes undesirable 
when static and dynamic forces transferred to patient's body tend to 
become large which necessarily takes place with severe locomotion 
deficiencies and externally powered assistive devices. Therefore, 
an even distribution of forces generated by man-machine interaction 
is essential for the acceptance of complex assistive appliances. 
In our case the basic element of the interface structure 
has been reduced to soft, tailor-made, trousers. No compressed air is 
needed to fix the interface which makes this technology superior in 
simplicity to all other soft-suit solutions. At the same time, a good 
over-all force distribution is maintained. 
 
2. Interface - body relation. - Control of joint trajectories 
in the phase space requires, evidently, strict maintenance of initial 
interface-body relation. On the contrary. control by pattern 
recognition is not concerned with precise repetition of joint 
trajectories. It feeds back to the controller essential information 
about current limb-body and body-environment relative position 
reducing thus greatly the sensitivity of the interface to 
perturbations. This fact allows for self- -adaptively of the orthosis 
in the course of the motion process. 
 
3. Prefabricated modules. - The use of soft interface without 
compressed air has made possible the development of the so-called 
self-fitting technology. Namely, the orthosis is being assembled not 
offline but on the patient, by himself. The patient fits 5%PI'Y 
prefabricated hard modules of the orthosis into pockets of the soft 
suit generating thus on himself an assistive structures. 
This paper describes a new step ahead in the development of the new 
line of assistive equipment. The idea is to transform the self-
fitting passive orthotic device into an active assistive system. 
The newly developed logically controlled motor unit performs this 
function. 
 
THE MOTOR UNIT 
The actuator of the motor unit performs following joint 
 
rigidity variation 
flexion 
extension. 
 
Rigidity variation is of on-off nature. The joint can be left in 
fully rigid (locked) or fully loose (free) state. No intermediate 
states are built in so far. In order to reduce the power consumption 
and the size of the unit, a micromotor controlled clutch system has 
been designed. Flexion and extension are performed by two identical 



small electrical motors. Transformation of rotation into translation 
is accomplished by ball-screw elements. General design features of 
the actuator are presented in Fig. 1. 
A summary of the basic performance data of the actuator is given 
below. 
 
Electrical motors. 
DC Clutch Micromotor: Input voltage 12V, nominal input power 
DC Flexion (Extension) Motors: Input voltage 12Y, nominal 
input power 15W. 
 
Clutch 
The best way to describe the clutch performance for our 
purpose is to determine the time needed to accomplish a full cycle of 
(1-0,0-1) transitions. In our case it amounts to t=0,05 sec. 
Two locomotion features affect favourably the clutch operation. 
Namely, the free joint state occurs always in swinging, off-load, 
situation so that the 1-0 transition is performed under no-load 
condition. Furthermore, state transitions are of repetitive nature so 
that fixed delays can be taken care of by the control algorithm. 
Brake 
The brake mechanism is of the Proney type. The full stop state is 
accomplished within t=0,02 sec and the release within t=0,025 see. 
 
Joint Actuator 
The joint actuator imposes following constraint on the 
walking speed. Shortest full-step cycle time T = 1,6 sec. The actual 
walking speed of the patient will depend on the type and level of 
locomotion deficiency. 
Its maximum torque at the knee joint (flexion, extension): 18,5 Nm. 
Actuator weight: 0,6kg. 
The over-all size of the actuator is chosen in such a way that it is 
interchangeable with standard hydraulic knee damping or knee-locking 
devices as used in available skeletal prostheseS4. Since the 
microcomputer control takes care of both the knee-locking actuator 
and the 4-state actuator, the patient has full option to switch from 
one solution to the other. 
In addition to the actuator, the motor unit is provided with 
a microcomputer controller. Basic features of logical control of the 
knee-rigidity have been described elsewhere. At this point, we shall 
describe the more comprehensive algorithm dealing with rigidity, 
extension and flexion control. It is usually expected to state first 
the theoretical background supporting the derivation of the control 
algorithm. However, in our case we shall proceed in reverse order 
since general laws to derive locomotion control algorithms 
deductively are not available. In Appendices 1 and 11 a self-
explanatory description of the logical control of the knee joint 
involved in walking process on level ground is represented. The 
heuristically derived boolean expressions stored in computer memory 
are coupled to sensory inputs.  
 



 
When the required external sensory pattern appears, it is matched to 
one of the four available actuator states in a deterministic way. 
The validity of control algorithms is justified experimentally, 
by the acceptance of the assistive system in clinical and other 
tests. But It must not he forgotten that a consistent set of 
principles and hypotheses supports the logical control. Thus, one con 
say that the control algorithms presented here have been derived 
deductively as well as heuristically. Let us summarize briefly the 
basic hypotheses and facts leading to logical control. 
 
Following theoretical considerations support logical control: 
 

1. locomotion is a multilevel, decentralized control proces. 
Higher level control is concerned with time-invariant features 
of the general biped locomotion cycle. 

2. locomotion control in biological systems is a learning process 
of non-numerical nature using pattern recognition and pattern 
matching, i.e. matching stored and actual patterns. Sensory 
feedback in locomotion allows recognition of actual limb-body 
and body-environment relations which then affect the functional 
states of joints. 

3. Higher control level of locomotion is concerned with initiation 
and ending of joint transitions. Actual transition trajectories 
are generated locally. In this way a strong decoupling of the 
large system in the state space takes place. As a result, the 
locomotion process is highly insensitive to trajectory 
perturbations. In other words, system decomposition at the 
analog level facilitates the implementation of complex motions 
of extremities. There is no need to repeat that many advances 
in neurophysiology of locomotion make above assumptions 
plausible. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
CONCLUSION 
 
The newly built motor unit represents another important step ahead in 
the development of on original modular technology of lower limb 
assistive devices. In addition to existing advantages of the new line 
of assistive equipment such as self-fitting principle, soft suit 
interface and others, an important new feature is introduced now in 
rehabilitation engineering. In order to make a clear distinction 
between hardware modularity, the new feature has been given the name 
functional modularity. Starting from tailor-made trousers as basic 
element of the interface, following functional levels can be 
generated with now available modules: 
 

A. Dressing level. - With no hardware modules, the interface 
(.trousers) serve just as part of patient's dressing assembly. 
At this level, the patient has full option to use the 
conventional orthosis, the self-fitting technology or just the 
crutches. 

B. Passive Orthosis. - By fitting the hardware modules into the 
soft interface, the patient is generating the passive assistive 
device. 

C. Active Orthosis. - Adding the self-contained motor unit to the 
passive orthosis equipped with sensory transducers, the device 
is transformed into an interactive man-machine assistive 
system. Evidently the reverse order of reducing functional 
features is also possible. 

 
Preliminary clinical experiments with the new line of assistive 
equipment have been so far encouraging. At this stage, a pilot series 
of necessary modules for the new rehabilitative technology is in 
production. This will make possible the involvement of a broader 
spectrum of patients and rehabilitation centers in Yugoslavia and 
abroad in the evaluation of self-fitting orthoses and logical 
(attitude) control of man-machine assistive systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 



 
 
 
 
 
 



 



 



 



 


