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Abstract 

Introduction 

The project “EU-Way”  funded  by  the  EC  aims  to develop and clinically evaluate non-invasive technologies that create 

bidirectional physiological links between a hand assistive device (like a prosthesis or an exoskeleton) and the patient's 

volition. These links will be achieved by means of interfaces based on novel principles that combine multilevel biosig-

nals and multimodal sensory feedback. 

For clinical evaluation, a simple powered orthotic training device for patients with paralysed upper limb (e.g. after 

stroke) was developed. The powered hand-orthosis in combination with biosignal control strategy and biofeedback 

represents a novel rehabilitation solution assisting patients during daily trial to prevent further spasticism and contrac-

tions. 

Methods 

The orthotic system consists out of an individual lightweight bracing based on 3d scanning technology covering wrist 

and forearm. On the dorsal side of the forearm an electromechanical drive system including a control unit is integrated 

in the bracing. Proper finger motion is realised by one actuator allowing for flexion and extension with help of elastic 

Bowden cables that are linked to a rocker mechanism. The rotatory motion of the motor is transformed to a linear 

movement using a ball screw mechanism. Moreover, a teach-in process facilitates for individual adaptation with regard 

to different disability levels of the patients. A universal and efficient bracing mount is designed to deal with various 

types of patients. Interaction between human and orthosis is realised by using a brain-computer-interface that is con-

trolled directly by human biosignals (EEG, EMG). 

Results 

The system allows for variation of training modes with grasping forces up to 30 N as well as individualized motion pat-

terns. Maximum range of motion realised by the setup is 0° extension and 90° flexion as a combined motion metacarpo-

phalangeal joint and proximal interphalagenal joint. Test results with a functional prototype will be presented and dis-

cussed. 
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Introduction 

Implant-related infections can occur after total joint replacement [1]. Non-thermal atmospheric pressure plasma-jets 

with an admixture of chemically active gases might be an extension in the therapy of implant-related infections caused 

by bacterial biofilms to dispense an exchange of the implants. The objective of this experimental study was the com-

parison of five different non-thermal atmospheric pressure plasma-jet sources for their time-dependent antimicrobial 

potential and efficacy in the removal of bacterial biofilms. 

Methods 

For the experiments, biofilms of S. epidermidis ATCC 35984 were grown on sterile Polystyrene-cover slips (Ø 13 mm) 

in Caso-Bullion (37 °C, 5 % CO2) prior to plasma-treatment, using five non-thermal atmospheric pressure plasma jets 

(kHz-Jet, kINPen08, kINPen09, kINPen Med [2]) and a dielectric barrier discharge (DBD). The biofilms were subjected 

to varying durations (1, 3 and 5 min) of argon plasma exposure, supplemented with 1 % O2. Only the DBD operated 

with atmospheric air. Planctonic and biofilm-bound bacteria were quantified by assignment of viable bacterial counts. 

In addition, bacterial biofilms were observed by fluorescence microscopy and scanning electron microscopy (SEM) af-

ter plasma-treatment.  

Results 

After 5 min of plasma exposure, a reduction of vital planctonic and biofilm-bound bacteria (99 % and 90 % respec-

tively), was observed for all plasma sources besides the DBD. Furthermore, it has been shown, that only the plasma 

sources kHz-Jet and kINPen08 show particularly striking results in the reduction of vital planctonic and biofilm-bound 

bacteria by up to two orders of magnitude already after 1 min of plasma exposure. Live/dead fluorescence examinations 

and SEM analysis confirmed this observation. 

Conclusion 

Our in vitro results demonstrate the possibility of biofilm removal and reduction of vital bacteria within the biofilm us-

ing non-thermal atmospheric pressure plasma-jets with specific characteristics Biofilm removal and reduction of vital 

bacteria using the kHz-Jet and the kINPen08 on different implant surfaces and materials will be subject to further inves-

tigations. 
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Introduction 

A high number of elderly people suffer from walking disabilities in combination with visual impairment. Therefore 

current  research  in  the  field  of  Ambient  Assisted  Living  focuses  on  extending  the  user’s  environmental  perception  using  
external sensors. Unlike existing approaches which are mainly limited to indoor use, we present a smart walker that can 

be used for both indoor and outdoor scenarios. It is an end-to-end system which detects potential obstacles and transmits 

the environmental information to a user through a vibrating belt. 

Methods 

Our system consists of a walker equipped with two planar laser range finders and a waist belt with an array of 

wirelessly controlled vibration motors. One range finder is used for localizing the walker employing scan matching 

methods. The second one is tilted up and down continuously by an attached servomotor to create a three-dimensional 

representation   of   the   environment.   This   enables   us   to   detect   obstacles   in   the   user’s   vicinity.   To   avoid   potential  
collisions, distances to the detected obstacles in different angular regions are transmitted by vibrating different motors 

on the belt. 

Results 

The presented system is currently able to detect obstacles like people, walls and furniture. First hardware-in-the-loop 

experiments with the vibration belt in a simulated indoor environment showed that young non-disabled blindfolded test 

subjects could avoid collisions by receiving vibrating signals indicating the obstacle location. 

Conclusion 

We presented an end-to-end obstacle avoidance system for visually impaired elderly people based on 3D sensing 

technology and vibrating signals on the body. Current efforts are directed towards a complete system integration and the 

planning of extended experiments with visually and mobility impaired people. 
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Introduction 

For stroke patients that lack control of their hand, neuromuscular electrical stimulation has been proposed for 

treatment. Appropriate placement of the electrodes is a key factor for successful and efficient ways of electrical 

stimulation. Therefore a method for reliable and fast placement is desired. There are two approaches to improve 

electrode placement. The first is an electrode sleeve [1], the second an electrode array [2].  

For optimal stimulation the position of the motor point for each muscle has to be identified. 

Methods 

In this paper the motor points of the forearm of 30 individuals for four different movements were characterized 

with a method modified from [3].  Determining the exact position of the motor points has been achieved through 

systematic variation of the pen-electrode position, performed with biphasic rectangular pulses, currents between 

8 and 20 mA and a frequency of 35 Hz. 

Results 

Results show a clustering of the motor points with low spread. It was found that the deviation of motor points in 

longitudinal and transversal direction is different, resulting in an elliptic stimulation area. 

Conclusion 

These findings lead to a well-defined area for each specific motor point that can be used to define optimized 

shapes of electrodes and electrode arrays. 
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Abstract 

In this work, a novel test setup for bubble point determination of membranes is presented and tested. Different filtration 

systems were examined and compared with the manufacturer's information. Furthermore, a self-produced electrospun 

polyamide (PA 6) membrane was examined regarding its bubble point. Contact angle was measured and maximum pore 

size of the PA 6 membrane was calculated. Suitability of the setup for determining bubble point and the basis of calcu-

lation of maximum membrane pore size could be demonstrated. 

 

 

1 Introduction  

Infusion filters significantly reduce the rate of sepsis for 

high risk patients, for example in intensive paediatric 

therapy. [1] These filters separate small particles, such as 

glass, cotton particles and bacteria, from the administered 

medication. If the filter membrane is positively charged, 

retention of endotoxins is also achieved. [2] Depending 

on the application, infusion filters can be produced typi-

cally with either 0.2 micron pore size for the sterile filtra-

tion or 1.2 micron pore size for the administration of lipid 

containing suspensions. [2] Such filtration membranes 

have to pass several integrity tests regarding their func-

tionality. In this work, the bubble point of selected mem-

branes is tested with a self-developed test setup. The bub-

ble point indicates the pressure, above which a wetted hy-

drophilic membrane is permeable to gas. It is of high im-

portance in clinical application, because the infusion is 

administered under pressure and it must be ensured that 

no air bubbles enter the circulation. To test the functional-

ity of the test setup, different infusion filter membranes 

were investigated. Based on this method, the maximum 

pore size of a membrane prepared by electrospinning of 

polyamide (PA 6) was determined. For this purpose, the 

contact angle of the membrane was measured with ultra 

pure water, and the pore size was determined as a func-

tion of the bubble point and surface tension. 

2 Methods 

2.1 Bubble Point Test Setup 

Figure 1 shows the developed test setup with its compo-

nents. The development and testing was conducted in ac-

cordance to the DIN 58355-2 standard. [3] The setup was 

designed to test complete filtration systems (filter hous-

ing, leads and filter membrane), as well as individual fil-

ter membranes. The application of pressure is achieved by 

a pressure regulator (SMC, Switzerland) with an accuracy 

of 0.5%. To determine the bubble point, the wetted filter 

is connected by a pressure-tight conduit and Luer-Lock 

connection to the pressure regulator. The pressure is in-

creased in steps of 0.05 bar. The test parameters are listed 

in Table 1. 

 
Figure 1 Schematic of the bubble point test setup 

 
Table 1 Test parameters for bubble point testing 

starting pressure 0.1 bar 

pressure steps 0.05 bar 

holding time 15 s 

 

According to the standard, the bubble point is reached 

when a continuous bubble chain is detected at the filter 

outflow. This detection is realized by an optical coupler. 

A software calculates the average pressure of the last 

stage. The analysed filtration systems (RoweMed, Ger-

many) are connected directly to the pressure regulator. 

The electrospun PA 6 membrane was placed in a suitable 

filter housing (polycarbonate syringe filter, Sartorius, 

Germany). The studied specimens and the main character-

istics are listed in Table 2. At least six specimens were 

tested in each group. 

 

Table 2 Tested filter membranes and main characteristics 

 

filter type 
membrane 

material 

pore diameter as 

specified by the 

manufacturer [µm] 

charge 

RowePead PET 1.2 n/a 

RoweEpiflow PET 0.2 n/a 

RoweEpiflow PA 6.6 0.2 + 

electrospun 

membrane 
PA 6 n/a n/a 
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2.2 Contact Angle 

To calculate the largest pore size of the PA 6 membrane, 

the contact angle against ultrapure water was measured 

with the sessile drop method with an OCA 20 (DataPhys-

ics Instruments, Germany). The largest pore size was cal-

culated considering the surface tension and wetting angle 

(Formula 1). A surface tension of water of 72.75 mN/m 

was used for the calculation. [4] 
 

Formula 1 Calculation of the maximum pore size 

 𝐷 = 4𝜎 ∗ cos 𝜃∆𝑝  

 

D : maximum pore size in µm 

Δp : pressure difference (bubble point) in bar 

σ : surface tension of the fluid in N/m 

Ɵ : wetting angle of the fluid in ° 

3 Results 

Measured bubble point data in comparison to manufactur-

er’s  data are given in Figure 2.  

Figure 2 Bubble point data of the tested filtration systems 

in comparison to the manufacturer’s  information (mi) 

In case of the filtration system RoweEpiflow with a 0.2 

micron PET membrane, the value of the specified bubble 

point was determined by the manufacturer using ethanol. 

The bubble point of the electrospun PA 6 membrane was 

determined as 5.48 ± 0.11 bar. The measured contact an-

gle of the PA 6 membrane was 30.2 ± 4.52°, which com-

pares to 62.6° as literature data for a PA 6 film. [4] Calcu-

lated maximum pore size of the PA 6 membrane was 

0.24/0.45 µm, based on the calculated/literature data of 

PA 6 contact angle, respectively.  

4 Conclusion 

The functionality of the developed test setup for determin-

ing the bubble point of membranes has been verified. 

Commercial filtration systems were investigated, and the 

measured data were compared with the manufacturer's 

data. No substantial differences were observed between 

the measured data and the data given by the manufacturer. 

Only the data for the filtration system RoweEpiflow with 

a 0.2 micron PET membrane could not be compared, be-

cause the manufacturer data was measured using 100 % 

ethanol. The developed test setup uses ultrapure water for 

the measurement. The expected differences between 

membranes with 0.2 and 1.2 micron pore size are clearly 

visible. The filtration systems with 1.2 micron pore size 

show a substantially lower pressure than filtration systems 

with 0.2 micron pore size. Since the bubble point of the 

filtration systems with 0.2 micron pore size are well 

above 1.2 bar, the systems are considered as safe for clin-

ical use. Most clinical syringe pumps for infusion therapy 

shut off at a maximum pressure of 1.2 bar. [5] The self-

produced PA 6 membrane was examined in the test setup 

with a polycarbonate syringe filter housing. In order to 

calculate the maximum pore size, the contact angle was 

measured with ultrapure water using the sessile drop 

method. It should be noticed that the measured value for 

the PA 6 membrane distinguishes approximately by a fac-

tor of two from the data reported in literature for a smooth 

PA 6 film (62.6/30.2° literature/measured). This can be 

attributed to the morphological features of a porous struc-

ture. As the water drop was absorbed by the pores of the 

membrane, no constant equilibrium was achieved. This 

also explains the smaller measured contact angle in com-

parison to the film. In general, the use of smooth films for 

the determination of contact angle is recommended for the 

calculation of maximum pore size. In conclusion, the 

functionality of the developed test setup for determining 

the bubble point was shown. The test setup can also be 

used as a basis for the calculation of maximum pore size. 
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Abstract: 

 
The paper discusses the adaptive control mechanism used in a biomechanically inspired robotic exoskeleton which 

is designed to provide mobility assistance for paraplegic patients. This indigenous robot is manufactured at a low 

cost and highly suitable for  developing nations such as India.  One of the major problem with Robotic exoskeleton 

is the problem for controlling the weight transfer and balance in the exoskeleton during the full gait cycle. The paper 

describes an adaptive control algorithm, which will help to solve this key control issue. 

 

 

 1 Background 

 

Lower extremity paralysis results in significant global 

morbidity and mortality. In India it is discovered that 

3.96 percent of the population is "handicapped. 

Roughly 1% of the world's population 

relies on wheelchairs for mobility. With the aging of the 

population this number is skyrocketing. There are 

currently about 262,000 spinal cord injured (SCI) 

individuals in the United States, with roughly 12,000 

new injuries sustained each year at an average age of 

injury of 40.2 years [(2011). Spinal Cord Injury Facts 

and Figures at a Glance. https://www.nscisc.uab.edu]. 

Of these, at least 44% (at least 5300 cases per year) 

result in paraplegia. One of the most significant 

impairments resulting from paraplegia is the loss of 

mobility, particularly given the relatively young 

(average) age at which such injuries occur. Surveys of 

persons with paraplegia indicate that mobility concerns 

are among the most prevalent [R. W. Hanson and M. R. 

Franklin], and that chief among mobility desires is the 

ability to walk and stand [D. L. Brown-Triolo, M. J. 

Roach et.al]. In addition to impaired mobility, the 

inability to stand and walk entails severe physiological 

effects, including muscular atrophy, loss of bone 

mineral content, frequent skin breakdown problems, 

increased incidence of urinary tract infection, muscle 

spasticity, impaired lymphatic and vascular circulation, 

impaired digestive operation, and reduced respiratory 

and cardiovascular capacities [L. Phillips, M. Ozer et. 

al].  

In an effort to restore some degree of legged mobility to 

individuals with paraplegia, several lower limb orthoses 

have been developed Although wheelchairs play a high 

role in paraplegic rehabilitation, the options for people 

with mobility disorders have been limited. Humans 

were not designed to sit for hours on end. .( P. B. 

Butler, R. E. Major, et al) The result of constant sitting 

is pressure sores, atrophied leg muscles and brittle 

bones. Wheelchair users are at elevated risk for carpal 

tunnel syndrome or repetitive strain injury from the 

constant impact of the hands against the push rims of 

the wheels. While wheelchairs offer people with 

mobility disorders freedom, it is not without its costs. 

(R. Bogue et al) 

To solve the above mentioned issues robotics comes 

into the scenario. Exoskeletal robotics plays a 

promising role in rehabilitating paralyzed patients. As a 

part of rehabilitation robotics this paper aims at the 

development of a lower extremity biped exoskeleton to 

aid paralytic people. In order to be stable and robust, 

the exoskeleton must be a highly adaptable model, 

which is accomplished by integrating a perfect 

biomechanical design with computationally intelligent 

control. The exoskeletal prototype by itself stabilizes 

the posture, adaption to any terrain using robust gait 

paradigms. 
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2. Methods 

 

The problem of realizing a full-fledged exoskeleton is 

accomplished by a biomechanically inspired 

mechanical design with a computationally intelligent 

control. The design comprises of a rigid exoskeletal 

structure which is actuated by a [1] Servo Controlled 

actuation unit, [2] Sensors for feedback and [3] a Micro 

Computing unit for achieving adaptive control. The 

sensor values from IMU (Inertial Measurement Unit) 

are obtained to infer the current position of robotic 

exoskeleton in 3-Dimensional space and are mapped 

with the control model involving the kinematics of the 

exoskeleton to obtain the control signals. The control 

inputs are converted into actuator output by a motor 

driving circuit that controls all 12 DOF actuators. This 

overall kinematic mechanism is monitored by torque 

angle sensors and position encoders that sends feedback 

to the controller to form a closed loop control. In order 

to make adaptive control robust and reliable the 

controller is chosen to meet a real-time standard that 

runs an optimized control program [Python based]. The 

mathematical control paradigm that runs behind all the 

hardware entities are evolved from the principles of 

Robot dynamics involving the solutions of the inverse 

kinematics as the control output, an adaptive model is 

evolved from ZMP (Zero moment point) calculation 

and Artificial neural networks for Gait generation and 

posture stability. 

 

 

Fig 1-ProE design of the proposed exoskeleton, the 

tested Biped model prototype. 

3. Results 

Any kinematically constrained structure can be 

converted into mathematical models by means of D-H 

Transformations. The position of the neighbouring joint 

is the homogeneous matrix between the two coordinates 

which is given 

by!"#$ =
	'				()*+ −*-.+ ∙ ()*0 *-.+ ∙ *-.0*-.+ ()*+ ∙ ()*0 −()*+ ∙ *-.000 *-.00 ()*00 				2 ∙ ()*+2 ∙ *-.+31 				5 

The overall kinematic equation of the single limb is 

given by: 

!6#7 =  !6#8 ∗ !8#: ∗ !:#; 	 ∗ !;#< 	 ∗ !<#7  = [ T>#? ]  

While Kinematics involves the design and analysis of 

the position of a manipulator in 3D coordinate given 

with the joint actuations, the inverse kinematics 

computes the ‘+’ value for a given 3D 

Coordinate(A, C, D). As posture and gait coordination 

could be achieved by controlling the joint angle – 

which in turn controls the maneuverability. On solving 

the various equations we obtain the values of – Joint 

angle to be actuated ‘+’ The posture stability is nothing 

but the robot being adjusting itself in such a way that 

the Centre  

of gravity remains intact while walking on any kind of 

surface. The pressure center of ZMP and the 

counter-force of feet from the ground will be 

coincident when the biped robot is in the movement 

balance. On excluding the inertial forces for slow 

speed conditions, the stabilization along the X, Y 

coordinates are 

YGHIJK>LMN =	∑ m>	gy>?>S8∑ m>	g?>S8 XGHIJK>LMN =	∑ m>	gx>?>S8∑ m>	g?>S8  

 

 

 

 

 

 

θ8 
W2.#8 X 	(3 ∗ *-.+ ∙ *-.0 − 	*-.+ ∙ *-.0	)(3 ∗ *-.+ ∙ *-.0 − 	*-.+ ∙ *-.0) + Z[ 
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Fig 2 –graph showing the comparison between 

standard control and control achieved 

The overall system involving the proposed algorithm 

are tested using a bipedal prototype, the prototype is 

designed in such a way that it mimics the exact model 

of the exoskeletal. The expected result out of the system 

is compared with the obtained one over time. The graph 

shows that the formulated control model has an 

outcome very close to the expected outcome it requires 

further optimization for dynamic stability 

4.Interpretation 

It incurs from the output that the robustness of the 

system has to be improved. The steep advancement in 

the achieved control has to be progressive, in order to 

optimize the system further - the real time model has to 

have more sensory feedback than the illustrated model. 

The tracking and robustness can be improved in later 

stages by measuring the event status discretely. The 

project has advanced to better stages than the 

exemplified model, the model derived as of now is far 

reliable than its counterpart included with advanced 

mechanics and the dynamic control algorithm is being 

upgraded by improving both static and dynamic 

stability while generating gait trajectory. By the 

completion of this project a full-fledged exoskeleton 

capable of generating its own gait with adaptive control 

can be realized. It will also serve as a feasible 

intelligent system that requires less manual control 

aiding people suffering from paraplegia. 
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Abstract. Physically disabled persons find their movements very tough with the existing assistive devices. 

Though there are many robotics available in recent times to enable their motility they require fine and accurate 

control which is most of the times not possible in cases of higher disability. These robots are very efficient and 

enable the user to move around with ease. This paper reports the preliminary work in developing a robotic 

wheelchair system that involves the movement of the shoulder in directing the wheel chair. The system enables 

the patient to have command over the robot, its direction of movement and will also sense and alarm the user 

about the obstacles in the path to avoid collision. This wheelchair helps the patient to move in environments with 

ramps and doorways of little space. This work is based on previous research in robot path planning and mobile 

robotics, generally a robot should be interactive, and robotic wheelchairs must be highly interactive to enable the 

system to work most efficiently. 

 
Keywords: Wheel chair automation, Rehabilitation, Shoulder control, Capacitive sensing, Hemiplegic rehabilita-

tion & Ultrasonic intruder sensing 

1.  Introduction:  

Assistive robotics is improving the lifestyle of the 

physically challenged people to a great extent. In 

recent times there have been a wide range of assis-

tive and guidance systems available in robotics to 

make their life less complicated and motile. These 

robots in are very efficient and enable the user to 

move around with ease. In recent times there have 

been various control systems developing specialized 

for people with various disorders and disabilities. 

The systems that are developed are highly competi-

tive in replacing the old traditional systems. 

 

There are many assistive systems using visual aids 

like videooculography systems, infrared oculography, 

eyeball sensing using electrooculography and much 

more. There are even systems based on voice recog-

nition too. The basic assisting using voice control is 

to detect basic commands using joystick or tactile 

screen. These applications are quite popular among 

people with limited upper body motility. There are 

certain drawbacks in these systems. They cannot be 

used by people of higher disability because they re-

quire fine and accurate control which is most of the 

time not possible. This paper reports the preliminary 

work in developing a robotic wheelchair system that 

involves the movement of shoulder kinematics in 

directing the wheel chair. 

 

The system enables the patient to have command 

over the robot its direction of movement and will 

also sense and alarm the user about the obstacles in 

the path to avoid collision. This wheelchair helps the 

user to move in environments with ramps and door-

ways of little space. This work is based on previous 

research in robotics, generally a robot should be in-

teractive, and robotic wheelchairs must be highly 

interactive to enable the system to work most effi-

ciently. The whole paper is divided into the follow-

ing sections. Section 2 describes the principle behind 

the shoulder movements, Section 3 about the shoul-

der sensor used, in Section 4 the control system is 

commented, section 5 shows the ultrasonic intruder 

sensing mechanism. In Section 6 the overall control 

system is commented with results. 

The choice of sensor: This plays a major role in the 

sensing mechanism. With reference to various litera-

tures three sensors were narrowed down, Namely 

Piezoelectric sensor, Strain gauge and the Capaci-

tance sensor. Based on the character stability various 

tests were performed. The output acquisition rate of 

the Peizo electric sensor was found to be from 15-

23% which was very minute to pick up shoulder 
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movements. The results of the strain gauge showed 

that its acquisition rate was 36-59% which was a bit 

better than the former. The results of the capacitance 

sensor showed that it could acquire signals at the rate 

of 80- 90%. Hence Capacitance sensor picked up 

signals at a better rate. The results are as follows. 

Test 1: Output Acquisition: 

 

 
Fig. 1: The output acquisition comparison 

Test 2: Accuracy: The accuracy of the output ob-

tained from the three sensors were compared out of 

which the piezoelectric sensor showed very low ac-

curacy i.e., 20%. The strain gauge showed better 

results as 80% which was far better, the capacitance 

sensor showed excellent results as 98%. 

 
Fig.2: The output accuracy comparison      

 
 

Fig.3: The signal response comparison 

The accuracy of the output obtained from the three 

sensors were compared out of which the piezoelec-

tric sensor showed very low accuracy i.e., 20%. The 

strain gauge showed better results as 80% which was 

far better, the capacitance sensor showed excellent 

results as 98%. 

 

Test 3: Signal Response (in mv) 

 

The sensors were tested for the output signal re-

sponse. The piezoelectric sensor picked up the signal 

at 5.3 mv. That implies that this sensor can pick up 

very low frequencies i.e., even the very low frequen-

cy noises can be taken up by the sensor which cannot 

be suitable for the shoulder. The strain gauge picked 

up the signal at 23.5 mv which is very minute for 

shoulder sensing. The capacitance sensor picked up 

the signal at the 59.5 mv which is optimal for shoul-

der sensing. So finally after all the tests it was con-

cluded that the capacitance sensor was the suitable 

one for shoulder sensor.  

Principle of shoulder sensing: This sensor is 

formed by two metallic electrodes wound on a non-

metal tube with insulation between electrodes to 

form much like an open capacitor these electrodes 

are placed in a feedback loop of a high frequency 

oscillator. When no material is present inside the 

tube, the sensor capacitance is low. Therefore, the 

oscillator amplitude is small. When any material is 

present, the capacitance value will increase resulting 

in increased amplitude of the oscillator. Depending 

on the dielectric constant of the material, the ampli-

tude varies. The evaluating circuit will give the ana-

log output proportional to the dielectric constant of 

the material. 
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Table 1: The overall comparison of sensors 

 

 

When the target approaches the sensor’s field, it acts 

as an electrode to the face of the sensor, and de-

creases the distance between the electrodes (d), 

thereby it increases the average surface area of the 

electrodes. The capacitance with a metal target is 

always greater than the capacitance of the circuit in 

the absence of the target. When a non conductive 

target enters the sensor’s field, it acts as an electrical 

insulator between electrode A and B. The dielectric 

constant of the material (E) is a measure of its insu-

lation properties. All liquids and solids have a great-

er dielectric constant than air (E air =1). Therefore 

the capacitance with a nonmetallic target present is 

always greater than the capacitance of the circuit in 

the absence of the target. 

 

Overall Working Mechanism Of Wheel Chair: 
The wheel chair works in the mechanism of two in-

put one output. Inputs from the eyeball sensor and 

the pressure sensor placed on the shoulder are taken 

and antagonistically and fed to the PIC microcontrol-

ler which is programmed to move across the direc-

tion required.This intellichair is designed to help the 

paralyzed person who moves on a wheel chair, in-

stead of the handicapped person moving the wheel 

chair by his hand, the chair will automatically move 

to a particular direction as the patient moves his eyes 

towards a direction, with the help of Eye ball move-

ment detection sensor and lifts his shoulder by the 

shoulder sensor. The chair will also sense the obsta-

cles in front of it and gives a beep sound and stop 

before it automatically. This is sensed by the ultra-

sonic sensor. The details regarding the construction 

of this chair includes the following 

 
Fig:4- Capacitance sensor (shoulder) 

 

Model: A prototype model which symbolizes the 

wheel chair is constructed using the MS Sheet  

Master Controller: A Micro controller will act as a 

master controller for the movement of the robot.  It 

is responsible for all the decisions taken by the robot. 

Eye ball Movement Sensor: This is used to sense the 

movement of the eye ball’s direction and converts it 

into digital data and transfers it to the Master con-

troller. (Straight Command, Left/Right Command, 

Stop Command) 

Shoulder Movement Sensor: This is used to sense 

the movement of the shoulder. This is tuned to re-

ceive two commands i.e., up and down. This signal 

is transferred to the Master controller.  

 

Optocoupler with Stepper Driver Board: The need 

of Opt coupler is to isolate the Interface Board form 

the Stepper Motor to restrict any high voltage to the 

Interface board.  And this board also contains step-

per Driver circuit to amplify the Voltage and to 

withstand high current because the pulse coming out 

from the Interface is not tough enough to drive the 

Motor. 

Stepper Power Supply:This board contains the pow-

er Supply for the stepper motor and relay driver. 

Software Driver in Hitech C: This is a software tool 

used to control the angular position i.e., to send spec-

ified pulses with controlled timing to vary the speed 

as when and where require 

Ultrasonic sensor: Ultrasonic sensor is another way 

to make non-contact distance measurements. It 

works by the principle of measuring the time a sound 

wave takes to propagate from the sensor, to an object 

and back to the sensor. They are generated by a 

transmitter and reflected by the target. The returning 

waves are detected by a receiver. The time delay is 

used to measure the distance to the object. The far-

ther away an object is, the longer it takes the sound 

wave to propagate. 

This sensor senses the obstacle in the way and stops 

30 cm before it. So the wheel chair is fool proof 

against obstacles on the way of the wheel chair. This 

Quality Piezoe-

lectric sen-

sor 

Strain 

gauge 

Capaci-

tance  sensor 

Output 

acquisition 

Very mi-

nute 

(15-23%) 

Better 

(36-

59%) 

Good 

(80-92%) 

Accuracy Very low 

(20%) 

Good 

(80%) 

Excellent 

(98%) 

Signal 

response 

Very mi-

nute 

(5.3mv) 

Medi-

um 

(23.5m

v) 

Good 

(59.5mv) 
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enables the disabled person to move freely around in 

the environment without any dangers. The patient 

can be left on their own to move freely in the limited 

area.   

 

Results: The shoulder sensor was tested with various 

samples against normal and hemiplegic patients. The 

following results were obtained, they were found to 

be almost stable and reliable. 

 

Case 1(a):Normal subjects of different age groups 

were tested using the shoulder sensor 

Case 1(b): The shoulder sensor  was tested on a 

hemiplegic patients and the results were plotted 

 
 

 

Fig.5 Muscle response of normal(left 1(a)) 

against Hemiplegic Subjects(1(b)) 

6.Discussion: Based on the results obtained we con-

clude that the shoulder response towards normal 

subjects and hemiplegic patients is very prominent 

and gives a wide range of movements. Thus the 

wheel chair moves in all required directions with 

good response. there is no big difference in the 

shoulder sensor response when tested on normal 

subjects and patients i.e., the activity of the sensor 

depends on the muscle movement of the subject so 

the range can be narrowed according to the subject 

using the wheel chair.  

7. Conclusion: This work forwards towards the de-

velopment of a usable, low-cost assistive robotic 

wheelchair system for disabled people. This system 

can be used to control the handicapped, especially 

those with only eye-motor and shoulder coordination, 

to live more independent lives. Eye and shoulder 

movements and require minimal effort and allow 

direct selection techniques, this increase the response 

time and the rate of information flow. Some of the 

previous wheelchair robotics research are restricted a 

particular location and in many areas of robotics, 

environmental assumptions can be made that simpli-

fy the navigation problem. However, a person using 

a wheelchair and eyeball technique should not be 

limited by the device intended to assist them if the 

environment have accessible features. 
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Introduction 

Disability affects near 15% of the people in Europe; 

around 13.4% of the handicap people in Germany have 

upper and lower limb impairment. The origin of this 

injury could be either genetic, by stroke, lesion due 

sport, or accident. The necessity of therapists, efficient 

methods, and technology which are able to assist 

physically disabled individuals has been increasing. In 

the case of upper extremities, one proposed technology 

that can satisfy this demand is a robot, which guides 

the patient´s arm movements. In exoskeletons, every 

segment of the patient´s arm is attached and controlled 

by the robot. This is in contrast to the end-effector-

based approaches, in which just one distal point of the 

patient´s arm is attached to the robot. Through this the 

patient is enabled to perform movements of each arm 

section autonomously.  This paper will approach the 

use of the robot as an end-effector-based therapy 

assistance system for upper extremities rehabilitation. 

Methods 

The patient´s wrist is attached to the robot´s end 

actuator, which will hold and guide the hand to specific 

trajectories and positions. The principle of the robot 

assistance follows mainly three steps: Teaching, where 

the physiotherapist guides the patient´s upper limb 

together with the robotic arm, while the movements 

and positions are being recorded by the robot´s system; 

Exercise, where the robot, together with the patient´s 

arm, will repetitively perform the movements and 

positions as they were recorded during the Teaching 

phase; Supervision, where inertial sensors detect the 

patient´s performance during the rehabilitation 

procedure, in order to detect incorrect movements and 

ensure the patient´s safety and well execution of the 

therapy.  

Conclusion 

The repeatability of the robot offers a constant and 

precise performance during the therapy, which 

achieves the movements as they are needed with no 

alterations. The data obtained from the robot and the 

sensors done during the supervision, will allow to make 

a punctual evaluation of the exercise. 
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Introduction 

During surgeries like the resection of a tumor in the rectum, pelvic neuromonitoring allows protecting the autonomous 

nerves of the minor pelvis. This method can help to improve the functional outcome for patients. By manometry of the 

urinary bladder the function of the M. detrusor vesicae is monitored. During laparoscopic surgeries artifacts occur in the 

manometry, which can be ascribed to the respiratory movement of the diaphragm. These artifacts make it more difficult 

to interpret the manometric signals. Goal of this work was the development of signal processing methods to analyze and 

measure the artefacts due to laparoscopic intervention. Later this investigation aims towards an automatic detection of 

the detrusor contraction.  

Methods 

To remove artifacts a reference signal was generated and combined with the signal of bladder manometry. One ap-

proach was the recording of respiratory movement by means of a breathing belt. With a second approach a differential 

pressure measurement was realized by acquiring bladder pressure in relation to the pressure in the abdomen. Another 

solution was the implementation of pattern recognition algorithms. This method allows displaying the probability for a 

reaction of the detrusor in percent. This corresponds to an automatic detection of successful stimulation of the detrusor 

innervating nerves.  

Results 

Promising results were obtained for all approaches. An automatic detection of detrusor contraction by pattern recogni-

tion however meets the demand of usabiltiy and prevention of misinterpretation of signals particularly well. Automatic 

detection rates of a detrusor innervation of up to 98 % could be realized with this method. 

Conclusion 

Hence a user-friendly automatic detection of detrusor contraction even in laparoscopic surgeries can be realized best by 

pattern recognition. 
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Introduction: The prosthesis alignment is of cen-

tral importance for a harmonic gait, especially for 

upper limb amputees. Today alignment optimiza-

tion is based on static measuring and the experi-

ence of the orthopaedic technician.  

Methods: To objectify the alignment process a 

mobile gait analysis system based on 10 inertial 

sensors and a 6 DOF force and moment sensor 

was developed at the TU Berlin. The dedicated 

software adds dynamic gait parameters into the 

optimization process and guides the necessary 

changes in the prosthesis alignment. Therefore 

common alignment changes were analysed 

based on measurements with 7 transfemoral am-

putee subjects fitted with the C-Leg prosthetic 

knee joint. For validation purposes all measure-

ments were conducted in a gait lab. The collected 

data of the different sources is synchronized and 

physical properties like joint angles, joint mo-

ments, energy expenditure and the load line are 

calculated. Inertial sensors on both feet are used 

to detect the gait phases. Based on the forces 

and moments measured in the prosthesis a step 

detection and filter has been implemented.  

Results: Measured kinetic and kinematic data 

showed a high validity compared to a conven-

tional gait analysis system (Vicon® MX Motion 

Capturing, AMTI® force plates). Strong inter- and 

intra-subject variability could be determined. 

Hence a first measurement with an alignment 

based   on   manufacturers’   instructions   is   neces-

sary, acting as a reference for the alignment guid-

ing process. Gait parameters that are consistent 

over all subjects could be identified for the knee 

axis position in the sagittal plane. The adaptation 

of the anterior-posterior knee position is one of 

the most common alignment modifications and 

correlates with the maximum of the sagittal mo-

ment measured at the knee during terminal 

stance phase. By means of these findings a first 

alignment recommendation for the knee in the 

sagittal plane could be given by the software.  

 

Keywords: amputee; upper limp; prostheses 

alignment; alignment optimization; mobile 

gait analysis;  
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Introduction 

The table-placed robot Reha-Maus is used for the rehabilitation of arm and shoulder after stroke. The device is indented 

to guide the patient’s lower arm along predefined paths and to support the movement if necessary. Due to the high cost 

of force sensors, a control concept entirely relying on position and velocity information is investigated. 

Methods 

The desired path together with its preferred direction to follow and the best way from an arbitrary position onto the path 

are encoded in a velocity vector field. The robot is equipped with a velocity controller that obtains its reference from the 

vector field depending on the current position. In order to compensate system friction, the length of all vectors will be 

increased in a calibration phase until a movement occurs. Ninety per cent of this value is used as base length. To emu-

late a larger system’s inertia, the length of field vectors can be defined as a function of the measured velocity vector. 

When the patient initiates no movement, support can be given by temporarily increasing the lengths of the field vectors. 

Results  

To validate the control concept, a desired circular path has been encoded in a velocity vector field, allowing a move-

ment in clockwise direction. Additionally, the vector field realized a rectangular workspace restriction. The system was 

successfully tested by two healthy subjects who provided only driving forces to the robot for one half of the circle while 

using the energy stored by the robot’s virtual inertia and the guidance provided by the vector field to complete the re-

maining half of the circle without muscle activity. 

Conclusion 

A force-sensor-less control concept for the Reha-Maus has been realised successfully. The system guides and supports 

movements of a patient along predefined paths. Future work involves the validation with stroke patients. 
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Abstract 

Functional Electrical Stimulation (FES) is a commonly used method in clinical rehabilitation and research to trigger 

muscle contractions by electrical stimuli, e.g. applied via self-adhesive surface electrodes. A variety of stimulation sys-

tems is commercially available which all offer limited control over the stimulation waveform and timing. In this work, a 

stimulation system is presented, which allows extensive control over the stimulation waveform and the stimulation tim-

ing. Additionally, the stimulator supports array electrodes and enables surface electromyography (sEMG) measurements. 

The waveform is entirely user defined by declaration of characteristic points of the waveform which will be piecewise 

constant interpolated. Up to 16 points can be declared, each with a duration ranging from 10 µs up to 4095 µs and a cur-

rent of up to +/- 150 mA. A symmetric, balanced biphasic waveform as well as a balanced triangular waveform were 

used to validate the waveform generation. To validate the stimulation timing, which is also entirely user defined, a real-

time operating system was used. Recording of sEMG signals from the stimulation electrodes is possible even during ac-

tive stimulation because of the high voltage protection of the EMG analogue frontend. To demonstrate the use in ad-

vanced FES applications, a drop foot stimulation experiment was conducted using a novel stimulation waveform. The 

designed waveform enables almost independent control of the muscle fibularis longus and the muscle tibialis anterior 

with only a single stimulation channel. 

 

 

1 Introduction 

Functional Electrical Stimulation (FES) is a well-known 

technique for rehabilitation of stroke survivors or patients 

with spinal cord injuries. FES is also used for cardiovascu-

lar training on paraplegic patients while research continu-

ously extends the spectrum of FES applications. 

Today the transcutaneous FES setup usually consists of a 

stimulation device, at least two self-adhesive surface elec-

trodes and some kind of sensor to control the stimulation. 

The stimulation device usually generates symmetric, or 

unsymmetrical, charge balanced, and current controlled 

stimulation pulses with adjustable pulse width and current. 

Usually, the adjustable stimulation parameters are very 

limited in these systems to simplify operation in daily use 

by non-technically trained staff. 

Optimal stimulation results strongly depend on a good 

electrode placement. Surface electrodes in contrast to im-

planted electrodes do not require any surgery. Instead these 

electrodes need to be placed on top of the skin, above the 

motor point of the desired muscle, or above the nerve, 

which innervates the desired muscle through the motor 

point. 

The placement of surface electrodes is error-prone because 

the placement has to be repeated before every FES applica-

tion and validation is difficult. Another inconvenience in 

FES application is muscle fatigue which occurs a lot faster 

than normal, because the stimulation impulses always con-

tracts the same selection of muscle fibres. 

Current research addresses both problems with array elec-

trodes, which have more but smaller stimulation elements 

on a single self-adhesive gel layer [1]. These electrodes 

require an external demultiplexer to connect individual el-

ements or an element selection with the stimulation device 

[2]. Another subject of current research is the utilization of 

electromyography (EMG) signals, which contain infor-

mation about the muscle activity. EMG is often used to 

trigger the stimulation which increases the rehabilitation 

success (see e.g. [3]) or for feedback purposes. EMG can 

also be used to detect muscle fatigue and to adjust the ap-

plied stimulation intensity [4]. EMG signals are usually 

recorded from two EMG electrodes (different from the 

stimulation electrodes) and by using an external EMG am-

plifier, although commercial systems begin to include 

EMG measurement capabilities into the stimulation device. 

The EMG electrodes need to be placed near to the stimula-

tion electrodes to measure the electrical signals from the 

stimulated muscle. This is a problem for array electrodes 

which are larger than normal electrodes and do not allow 

such a placement of the EMG electrodes. None of the cur-

rent commercially available stimulation systems allows 

EMG measurements over the stimulation electrodes during 

active stimulation as proposed in [2,5]. 

This contribution introduces a novel stimulation system 

with integrated EMG measurement over the stimulation 

electrodes also during active stimulation, with support for 

array electrodes and with precise control over every aspect 

of the stimulation waveform. 

As an example for an advanced FES application, which is 

now possible, a drop foot stimulation is shown using a 

novel stimulation waveform. FES applications often re-

quire more than one muscle to be stimulated. This can be 

the antagonist of a specific muscle like in FES cycling (see 

e.g. [1]) or a completely different muscle like in the drop 
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foot applications [6, 7]. This is normally achieved by two 

or more stimulation channels, each with two electrodes. 

Usage of only one electrode close to the motor point of 

each muscle is not possible because the standard symmet-

ric biphasic waveform stimulates the muscle underneath 

both electrodes equally. Monophasic waveforms restrict 

the stimulation effect to one electrode, depending on the 

sign of the stimulation pulse, which usually cannot be 

freely chosen. The monophasic waveform is also not rec-

ommended for prolonged stimulation because of the re-

maining charge on the electrodes.  

The proposed novel waveform allows for the drop foot 

stimulation almost independent control of the muscle fibu-

laris longus and the muscle tibialis anterior with only one 

stimulation channel. 

 

2 Methods 

2.1 Stimulation device 

 
Figure 1 Block diagram of the stimulation system. 

An overview of the presented stimulation device is shown 

in Fig. 1. Two independent, Galvanically isolated stimula-

tion modules feature four current controlled stimulation 

channels each. Both modules are controlled by the  ARM® 

Cortex©-M4 (STM32F407; STMicroelectronics) micro-

controller MCU1. The microcontrollers sole task is the 

generation and monitoring of the stimulation waveform, 

ensuring safe electrical stimulation. For this reason, the 

microcontroller implements only the well tested low level 

protocol which describes the stimulation waveform. 

Each module uses an analog frontend (ADS1294, Texas 

Instruments) for sEMG measurements with 4 kHz sam-

pling frequency. The 2x24 bit EMG data is received by the 

second ARM® Cortex©-M4 (STM32F407; STMicroelec-

tronics) microcontroller MCU2 which is also connected to 

an external control unit via a Galvanically isolated USB. 

The MCU1 is only connected to the MCU2 which forwards 

any received low level commands, or generates new low 

level commands according to received high level com-

mands. 

2.1.1 Adjustable Stimulation Waveform 

The key feature of the introduced stimulation system is the 

extensive level of control over the waveform used for elec-

trical stimulation. The desired waveform can be described 

by up to 16 characteristic points which will be piecewise 

constant interpolated. Each point consists of the duration 

of interpolation tdi and the corresponding current level ii. 

Future development will also allow other interpolation 

forms.  

In Fig. 2, the configuration for a biphasic pulse, defined by 

three points, is shown. Any number of waveforms can be 

created this way. Fig. 3 shows a few examples with the 

corresponding configuration points. The duration tdi of 

each point can be chosen in between 10 µs and 4095 µs in 

1µs steps. The current ii has a resolution of 0.5 mA and is 

limited to +/- 150 mA. 

The transmission of the largest pulse configuration with 16 

points requires about 270 µs. After about 400 µs of addi-

tional data processing, the stimulation begins. This timing 

depends on the number of points, since only the active 

points are transmitted. The overall duration of one stimula-

tion pulse is composed of transmission plus processing de-

lay and the sum of the configured durations. The exempla-

ry biphasic waveform shown in Fig. 2 with a pulse wide of 

300µs therefore has an overall duration of about 1.2 ms. 

Hence, the resulting theoretical maximal stimulation fre-

quency for this configuration is about 830 Hz, since each 

stimulation pulse is executed as soon as it is received. This 

enables a wide range of possible stimulation patterns and a 

very flexible timing. 

 

 
Figure 2 Exemplary biphasic stimulation pulse configura-

tion. 

 
Figure 3 Selection of possible stimulation waveforms. 

Multiple pulse configurations can be sent consecutive and 

will be buffered by the stimulator until they are processed. 

Buffered pulse configurations will be processed in order of 

arrival with the exception of pulses, which use different 

stimulation modules. Two pulse configurations, one for 

stimulation module 1 and one for stimulation module 2, 

will be processed in parallel except for the processing de-

lay. An even better synchronisation can be achieved by 

adding a dummy point with td1 equal to the procession de-

lay and a current of 0 mA as first point to the configura-

tion. This strategy can also be used to ensure a fixed over-

all pulse duration, which is independent from the desired 

pulse width. 

The drawback of the described flexibility is its complexity 

that may overwhelm users for daily standard tasks. 
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To solve this issue a second software layer is introduced 

which provides simplified commands for common tasks 

like for example biphasic stimulation with a certain stimu-

lation frequency and pulse parameters. In this scenario the 

high level commands are received by the microcontroller 

MCU2, which translates them into low level commands that 

are sent to the stimulation microcontroller MCU1. 

This approach allows developing of a well tested, multi-

purpose stimulation system with an easily adaptable user 

interface.  

2.1.2 Optional Demultiplexer Support 

The stimulation system also supports array electrodes 

through an optional demultiplexer, which was optimized in 

size (credit card size) to allow an external placement next 

to the array electrode, eliminating extensive wiring. All 

necessary support systems like the power supply or the 

control system are integrated into the stimulator. The de-

multiplexer configuration is applied once for the entire 

waveform. The transition duration increases imperceptibly 

but the processing time increases by about 1ms because the 

demultiplexer must be set up before any stimulation pulse 

can be generated. 

The number of active array elements or counter array ele-

ments can be changed to fit the individual requirements. 

The demultiplexer offers 30 fixed active array elements, 4 

fixed counter array elements and 2 times 13 selectable ar-

ray elements (either active or counter elements). 

2.2 Balanced, Unsymmetrical Drop Foot 

Stimulation 

A round electrode (32 mm diameter) is placed over the pe-

roneal nerve, which mostly innervates the muscle fibularis 

longus, and an oval electrode (4x6cm) is placed on top of 

the muscle tibialis anterior. The real-time controller is gen-

erated using Scilab and the Hart toolbox (http://hart.sf.net). 

A PC running Linux with the Rtai real-time extension is 

used to control the intensities and the waveform of the one 

stimulation channel used. The GUI QRtaiLab is used for 

signal monitoring and parameter updates. 

One Bluetooth inertial measurement unit (IMU) (Reha-

Watch, Hasomed GmbH, Germany) is mounted to the foot 

to determine the dorsiflexion angle α as well as the ever-

sion angle β of the foot. The IMU is attached in an arbi-

trary orientation. Therefore a calibration movement is used 

to calculate a correction matrix, which rotates the sensor 

coordinate system. The corrected accelerometer, gyro-

scope, and magnetometer data is used to calculate the sen-

sor’s orientation using a direction cosine matrix (DCM) 

algorithm. The resulting Euler angles are used to describe 

the foot movement caused by the stimulation. 

2.2.1 Waveform Definition 

Fig. 4 shows the novel waveform that is used. The first 

part q1 (positive charge), defined by point 1, is independent 

from the second part q3 (negative charge), defined by point 

3. A third part q4, defined by point 4, is introduced to 

achieve the desired total charge balance. The charge of the 

third part is therefore defined by 

!! = − !!!! ∙ !! !+ !!!! ∙ !! . 

The absolute value of the current i4 is chosen as imin (very 

small value). This ensures that the pulse defined by q4 does 

not generate an additional stimulation response. The cur-

rent i4 and the pulse width td4 follow from the charge q4 by 

i4=iminsign(q4) and td4=abs(q4/imin), respectively. The cur-

rent imin is set to 4 mA and increased when the pulse width 

td4 exceeds 4095 µs. 

 

 
Figure 4 Novel stimulation pulse waveform. 

The muscle tibialis anterior, which dominantly evokes dor-

siflexion, is mostly activated by the first part of the wave-

form, referred to as qM1= q1= i1td1. The muscle fibularis 

longus evokes dorsiflexion and eversion, and is mostly ac-

tivated by the second part of the waveform, referred to as 

qM2= q3= i3td3. This assigning is valid when the electrode 

on the muscle tibialis anterior serves first as cathode.  

3 Results 

3.1 Waveform Generation 

A series of tests was conducted to evaluate the waveform 

generation. The tests used a 1kΩ resistive load to evaluate 

the timing and the stimulation intensity. Fig. 5 shows the 

resulting oscilloscope output for two consecutively gener-

ated stimulation pulses. The first pulse uses the pulse con-

figuration shown in Fig. 2 with 300µs pulse width and 

15mA current. The timing of the individual parts and the 

timing of the whole stimulation pulse coincide very well 

with the requested configuration. The same is true for 

stimulation current of the positive and the negative part, 

which have both no current overshoot. 

The second pulse shown in part in Fig. 5 is the approxi-

mated linear ramp from Fig. 3 d). The linear slope is ap-

proximated with 14 sampling points, each 21 µs long with 

a 1 mA current increase. 

In between the two pulses is the delay of about 700 µs vis-

ible which is related to receiving and processing of second 

pulse definition. 

The consistency of these timings was evaluated be pro-

longed stimulation with up to 200Hz using a Linux system 

with the Rtai real-time extension and monitoring of the 

stimulation pattern. 
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Figure 5 Generated waveform on a 1kΩ resistive load. 

The demultiplexer functionality was evaluated through a 

simulated array electrode, which uses LEDs to visualize 

the current path, and a 500Ω resistive load. 

3.1 Balanced, Unsymmetrical Stimulation 

In a series of experiments, we evaluated the proposed 

stimulation waveform on a healthy subject. The person 

was sitting on a chair with the shank/ foot free to swing.  

Fig. 6 shows the step responses for a jump from no stimu-

lation to qMi, i=1,2, which are the smallest stimulation in-

tensities that produce the largest foot angles without satu-

ration. The left side shows the step response for qM1 (mus-

cle tibialis anterior). The third part of the pulse (i4=-4mA 

and td4=3491µs) is well below the stimulation threshold of 

the muscle fibularis longus. 

The right side of Fig. 6 illustrates the step response for qM2. 

Since the muscle fibularis longus evokes dorsiflexion and 

eversion, both angles clearly increase. The third part of the 

pulse (td4=3748µs and i4 =4mA) is again unlikely to trigger 

an additional muscle contraction. 

4 Conclusion 

A highly configurable stimulation system was presented 

where specification of up to 16 characteristic points allows 

generating any number of stimulation waveforms. The tim-

ing of the stimulation pattern is also freely definable, as 

long as the external control is sufficiently fast. To ease the 

minimum requirements for the external control system, a 

second, much simpler software layer has been designed. 

The stimulator also directly supports array electrodes 

through an external demultiplexer module and allows 

EMG measurements over inactive stimulation channels as 

well as over active stimulation channels. Further work will 

focus on sEMG filtering during active stimulation.  

The usefulness of the unique waveform configuration was 

demonstrated on a drop foot stimulation use case. A novel 

stimulation waveform was proposed allowing control over 

foot dorsiflexion and eversion with only one stimulation 

channel. In further work, we will use this approach in the 

feedback control strategies described in [6,7]. 

 
Figure 6 Input step responses of the foot angles. 
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