
Methods and hints to linearise the resistance values 
vs. bending angle relationship of bend sensors

Giovanni Saggio 
Dept. of Electronic Eng., Univ. of Rome “Tor Vergata” 

via del Politecnico 1, Rome, Italy 
saggio@uniroma2.it 

 
 

Abstract— The correct measure of static and dynamic postures of 
patients is a fundamental element for dispensing correct 
rehabilitation procedures. Nowadays there are different sensors 
and transducers useful to reach the aim of measuring human 
postures, even in a non uncomfortable way, during normal 
activities of everyday life. Among all these sensors we selected the 
flex ones stand their cheapness an good performances in terms of 
reliability and stability of electrical signal they provide. It is 
possible to measure flex-extension of human joints simply laying 
the flex sensors on wrist, knee, elbow, ankle, etc. But a drawback 
is paid for these sensors, because of a non linear function of their 
electrical resistance variation vs. bending angle. The non linearity 
involves a time consuming calibration, more complexity of the 
conditioning electronics, more troubles for drift problems and 
the issue to establish the best fit algorithm. So here we propose 
methodologies and hints to linearise the sensor’s electrical 
function. 
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I.  INTRODUCTION 
Every day, all around the world, millions of people request 

postural and/or motor rehabilitation. This can be for really 
many reasons, i.e. for traumatic or connective or degenerative 
musculoskeletal disorders, after traumatic events such as 
strokes, severe cardiac disease, prolonged rest in bed, 
functional losses after treatment, etc. The rehabilitation 
process, also known as Tertiary Prevention, intends to be a sort 
of therapy to restore functionality and self-sufficiency of the 
patient. The rehabilitation process regards not only millions of 
patients daily, but involves also a huge number of professionals 
in medical staffs, i.e. specialists, nurses, physiotherapists and 
therapists, social workers, psychologists, physiatrists. In 
addition to the patients and to the medical staffs, also many 
facilities are involved, since the care are given in hospitals, 
clinics, geriatric facilities and territorial home care. 

So, for the incredible number of patients, medical staffs and 
facilities necessary to support the appropriate postural and 
motor training, the monetary costs of rehabilitation is so huge 
to be even really difficult to estimate. 

For this reason, every effort towards a simplification of the 
rehabilitation route is really desirable and welcome. To this 
aim, our best efforts must have the purposes to reduce the cost, 
time, employees and facilities but possibly, at the same time, 
increase the effectiveness of the rehabilitation. We can, at least 
partially, obtain some of those requirements adopting different 

strategies and technologies, among which the “sensorized 
garments” (also known as “wearable sensors”) can play a 
winning rule. Let’s analyze the reasons. 

The present day’s best practice consists of a preliminary 
visit of the motor injured patient at a hospital division. A 
physiotherapist measures the residual motor functions of the 
patient by means of reference goniometers or other manual 
stuff (for instance a reflex hammer for the FUGL-MEYER 
assessment of physical performance for patients with stroke). 
On the basis of these spot measured results, the medical staff  
assigns to the patient a rehabilitation procedure over a period of 
time. But the patient needs to return periodically at the hospital 
division to let the physiotherapists re-perform all the 
procedures to measure again the residual motor function of the 
patient to verify any improvements. These repeated measures 
claim efforts and time both of the professionals and the patient, 
and are in any case performed with overcome methodologies. 

In this scenario the sensorized garments are a valid able 
resource to drastically reduce those time and efforts. In fact the 
measurements are performed not subjected to any personnel 
and directly in the home environment of the patient during 
his/her normal daily life activities and without limitations as in 
a hospital scenario can be. The patient can visualize the 
movements he/she has to do observing a specimen avatar on a 
computer screen, so having non-intimidating and unambiguous 
suggestions. The patient can replay those movements as in a 
play rule, so being more motivated [1] according to the Kemp 
model [2]. He/she can be supported by a pc-based software 
which records all his/her movements and classifies them so 
allowing a self-evaluation of the rehabilitation progresses. An 
eventual supervision of qualified personnel can be remotely 
furnished since all recorded data can be sent via web. 

In addition to all the previous considerations, the mapping 
of the body kinematics and the all measured values over a 
period of time (hours or even days) can be of strategic 
importance, not only for rehabilitation purposes, but even for 
evaluating the emotional reactions a patient can present to 
several events, and for realizing more ergonomic stuff 
necessary for the rehabilitation itself. 

Within this frame, same research groups and commercial 
companies have developed sensorized garments for all the parts 
of the body, over the past 10-15 years, obtaining interesting 
results [3, 4, 5]. But since the hand is our first shield as a 
protection to fall and other kinds of mishaps, it is one of the 



main part of the body to be potentially damaged by accidents. 
So the motor rehabilitation highly involves the human hand. 
For this aspect among the sensorized garments a fundamental 
rule is played by the so called “data glove”, which is a support 
glove provided with sensors to measure the flex-extension and 
abdu-adduction movements of the fingers and the spatial 
motion of the wrist. 

II. HITEG GLOVE 
The postures of the hand can be measured adopting sensors 

capable to transduce the movements of the finger into electrical 
signals. This can be obtained with sensors based on the Hall 
effect [6, 7], fiber optics [8], inductcoders [9], MEMS [10], 
optical (infrared receivers/transmitters based) systems [11], 
capacitive sensors [12], accelerometers [13], gyroscopes [14], 
piezo-resistive sensors [15]. But among all, a remarkable 
mention is for the bend sensor potentiometers [16] which are 
capable of interesting performances, in terms of measurement 
accuracy (stability of sensor signal after bending) and 
reliability, with respect to their low cost and easy applicability. 
In particular our research group investigated some of those 
bend sensors which are commercially available [17] and, on the 
basis of the Flexpoint bend sensor potentiometer (Fig. 1) [18], 
developed the Hiteh-glove (Fig. 2) so termed stands our 
acronym (Health Involved Technical Engineering Group). 

 

Figure 1.  A Flexpoint bend sensor potentiometer. Two electric terminals 
visible at the left side of the figure 

 

Figure 2.  Hiteg glove and its avatar representation 

III. MEASURES 
We performed several measurements on these sensors with 

a home-made mechanical set-up. It consists of a hinge made of 
a knuckle through which a central circular pin is passed, and 

two notched leafs extend laterally from the knuckle. One of the 
leaf is fixed with the pin, so capable to revolve together it, 
while the other one is maintained fixed. A stepper motor, with 
its central axis jointed with the pin, can rotate the revolving 
leaf, so simulating the movements of a human joint [17]. The 
sensors were mechanically deflected 10 times each, around a 
pivot with 0.2cm of radius, assuming angles starting from 0 till 
90 degrees. Resistive values of the sensors were acquired every 
10 degrees of bending for both outward and inward bending 
cycle. Figure 3 reports the mean values of the collected data, 
and represents the low standard deviation for each points, 
which stresses the repeatability of the measure. 

Several tests were performed on two inches long Flexpoint 
bend sensors of three types: non encapsulated and encapsulated 
with polyester or polyimide materials. 

 

Figure 3.  Resistance variation vs bending angle for three different Flexpoint 
sensors 

Despite the interesting results of a reasonable repeatability 
of measure, a drawback of these sensors can be considered 
their non-linear relationship between measured resistance vs. 
angle of bending. This non linearity implies some 
disadvantages with respect to a linear behavior: a time 
consuming calibration for each individual sensor; Added 
complexity in designing conditioning electronics; Increased 
difficulty in taking into account drift problems; Difficulty to 
establish the best fit algorithm. Just a note: we demonstrated 
that this non linear behavior does not depend on the mechanical 
features of the sensor [19] but only on the electrical ones and 
we proposed an electrical model to predict the electrical 
behavior under different circumstances [17]. 

Our aim is here to point out which solutions are more 
effective to linearise the resistance values versus bend angle 
relationship of bend sensors or, simply, to overcome the 
problem adopting a tricky solution. 

IV. METHODS 
In the year 2009, Gentner and Classen proposed to modify 

the two inch Flexpoint bend sensors, fixing on the sensible 
resistive layer a 0.2mm thin unplasticised polyvinyl chloride 
(PVC) foil. In addiction a resistance of proper value was placed 
in parallel to each sensor [20]. After these modifications, the 



linear regression analysis provided changes in the coefficient of 
determination, R2, towards 0.9855÷0.9980 values, so denoting 
a change of the sensor electrical characteristics in the direction 
of a sort of linearity. That was an interesting solutions, but a bit 
time consuming to realize and based on a method empirically 
obtained. 

Here we propose an alternative novel method. It is based on the 
fact that our system of placing the sensors on the finger joint is 
different from the way find in literature. In fact the sensors are 
commonly inserted in a closed sleeve on top of a Lycra glove 
in correspondence of each finger joints [21]. Differing from 
that we adopted each sensor in a open pocket a bit wider but a 
bit shorter than the sensor itself (see Fig. 4). 

 

Figure 4.  One-side open pocket for the sensor over one finger joint 

The pocket’s open end allows free sliding movements for 
the sensor. Only the sensor tip with the two electric terminals 
lodged is stitched with the pocket. All the system is then 
housed sewn on the Lycra glove in correspondence to a finger 
joint. With joint bending, this configuration does not bent 
always the same part of the sensor, because of a translation of 
the sensor itself, due to skin and glove elongation with flexion 
of the finger (see Fig. 5). 

 

Figure 5.  The sensor does not bend in the same poit, since it translates 
durign finger flexion 

Because of that, we know exactly which part of the sensor 
is bent in correspondence to each angle of bending. In 
particular it is the part of the sensor nearest to the two electric 
terminals to be bent for lowest angle values and this part is the 
responsible for the lowest variation in resistance, as depicted in 
Fig. 3. For this reason our idea was to change the resistance 
value increasing it proportionally with the proximity of the 
sensor to its electric terminals. Since the resistance value is 
inversely proportional to the lateral section of the sensor 
(indicated by red arrows in Fig. 6), we changed the rectangular 
geometry of the sensor cutting some part of it so to obtain a 
triangular shape, as depicted in Fig. 6. 

 

Figure 6.  a) The uncutted sensor and b) the cutted triangular shaped sensor 

After this modification of the geometry of the sensor (the 
shape of its sensible part, i.e. the black rectangular area of Fig. 
6), from a rectangular to a triangular contour, all the previous 
reported measures were repeated adopting exactly the same 
procedures with the same set-up. The new results are reported 
in Fig. 7. 

 

Figure 7.  Linearization of the function after sensor’s cuts 

As it is possible to notice, we obtained an interesting 
modification of the function’s trend towards linearization, and 
the linearization effect is more evident for highest amount of 
cuts. In fact we adopted three different amount of cuts, 
differing them from the “l2” value (see Fig. 6) with respect to 
the “l1” one. In particular we intend as l2/l1=1 for uncut 
sensor, l2/l1=1/3 for sensor with the lateral section reduced of 
1/3, l2/l1=2/3 and l2/l1=1/6 for sensor with the lateral section 
reduced of 2/3 and 1/6 respectively. As it is evident a new 
behavior of the sensor characteristic is obtained. The linear 
regression analysis demonstrated R2=0.9893 for l2/l1=1/6, 
R2=0.966 for l2/l1=2/3 and R2=0.9298 for l2/l1=1/3.  So the 

 

 



amount of cut of 1/6 furnishes analogous results as the 
previously mentioned obtained with more complex procedures 
of fixing the unplasticised PVC foil and placing the resistance 
in parallel to the sensor. 

But we can face up to the linearization problem from 
another completely different point of view too. Paying 
attention to the Fig. 3, it can be noticed as the non linearity 
regards mostly the 0-30 degree interval. Outer of that, the 
sensor characteristic can be considered almost linear. So, if we 
want to base our sensor exploitation within a linear electrical 
characteristic, it is sufficient to utilize the sensor limiting its 
bending excursion outer from that interval, for angles greater 
than 30 degrees. Limiting the sensor bending excursion within 
the 30-90 degree range, the linear regression analysis presents 
R2=0.9789.  

This possible usage of the sensors can be realized with a 
sort of “bridge” geometrical configuration of application of the 
sensors, as showed in Figure 8. In this way the sensors are 
already bent with a 30 degree angle when the hand is 
completely opened, and increase more and more their bending 
angle values closing the hand till a fist position. 

 

Figure 8.  “Bridge” geometric configuration of application of the sensors 

V. CONCLUSIONS 
The flex sensors can be a cheap and helpful tool to realize 

data gloves with good performances in terms of reliability and 
stability of sensor signal after bending. Although these 
remarkable features, the resistance variation vs. bending angle 
function is not linear, so some drawbacks must be taken into 
account. Here we offer a survey on methodologies and propose 
hints to linearise that function, validating the results with 
proper measures. 
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