
  

 

Abstract—We introduce our novel optical fiber sensor 

developed for pressure and force sensing. We then show how 

the integration of this sensor element with biocompatible 

polymer based micro-technology provides great opportunities 

for touch sensing. We explain our experimental setup and 

demonstrate the ability of the sensing pads to determine the 

position and magnitude of an applied load. Touch sensitive 

photonic sensor skins can bring a realm of applications in the 

field of biorobotics within range. 

I. FLEXIBLE PHOTONIC SENSING SKINS 

N Optical Fiber Sensor (OFS) encodes a measurand of 

interest in one (or more) properties of an optical signal 

that is guided within an optical fiber. One of the most well-

known possibilities to turn an optical fiber into a strain 

sensor is to use a fiber Bragg grating (FBG). OFS feature 

many advantages over conventional electrical sensors: they 

are small and lightweight; they can be multiplexed and allow 

quasi-distributed sensor configurations; they allow absolute 

measurements because they can be self-referencing; and they 

can have a very linear response. OFS can therefore 

sometimes provide a solution in cases where traditional 

sensors fail. Although these sensors have many advantages 

they still show a number of shortcomings as well. For 

example, a FBG in a conventional optical fiber suffers from 

cross-sensitivity between temperature and axial strain. 

Furthermore their sensitivity to transverse strain remains 

considerably lower than to axial strain. [1] 

To overcome the current limitations of FBG-based 

sensors, we have designed and fabricated a dedicated 

photonic crystal fiber (PCF) to replace the conventional 

single-mode fibers. A FBG inscribed in our dedicated PCF 

 
Manuscript received August 17, 2012. Vrije Univ. Brussel wishes to 

acknowledge financial support from the EU FP7 IAPP project 

“SMARTSOCKET”, the Agency for Innovation by Science and 
Technology (IWT), the Research Foundation–Flanders (FWO), the 

Methusalem and Hercules Foundations Flanders, and the Interuniversity 

Attraction Poles (IAP)–Belgian Science Policy. The COST TD1001 action 
“OFSESA” is acknowledged as well. 

S. Sulejmani, C. Sonnenfeld, T. Baghdasaryan, T. Geernaert, B. 

Vanderborght, R. Van Ham, C. Lazar, A. Nowé, F. Berghmans and H. 
Thienpont are with the Vrije Universiteit Brussel, Pleinlaan 2, B-1050 

Brussels, Belgium; e-mail: ssulejma@vub.ac.be) 

B. Van Hoe and G. Van Steenberge are with IMEC-Universiteit Gent-
CMST, Technologiepark 914A, B-9052 Zwijnaarde, Belgium; 

P. Mergo is with the Marie Curie-Sklodowska University, Pl. M. Curie-

Sklodowskiej 3, 20-031 Lublin, Poland; 
W. Urbanczyck is with the Wroclaw University of Technology, 

Wybrzeze Wyspianskiego 27, 50-370 Wroclaw, Poland; 

M. Becker is with the Institute of Photonic Technology, Albert-Einstein-
Straße 9, 07745 Jena, Germany; 

yields a pressure and transverse strain sensor that is 

temperature and axial strain insensitive [2], [3]. We 

embedded our dedicated sensor in a flexible (and 

stretchable) polymer material resulting in a sensing pad that 

can directly detect pressure or transverse strain. [4] 

II. EXPERIMENTAL SETUP AND RESULTS 

To demonstrate the functionality of our sensor elements 

we have built an experimental setup that can apply a 

transverse load in a repeatable manner at different positions 

over a surface of 30 cm x 16 cm [5]. The load of maximum 

50 N is applied via a spring (spring constant k = 2.69 N/mm) 

and we use interchangeable contact surfaces with different 

dimensions and shapes. The polymer pad measures 6 cm x 

10 cm and contains one OFS. Fig. 1 shows that when a load 

is applied on the sensing pad with a circular surface of 177 

mm², the sensor responds immediately. Moreover, the sensor 

signal depends on the load that is applied. 

 
Fig. 1: The optical fiber sensor skin directly detects an applied load. 

III. CONCLUSION 

By exploiting the unique design flexibility of PCFs we were 

able to develop a flexible and stretchable sensor pad that can 

be used for robotic touch sensing. We built an experimental 

setup to test the ability of the sensing element to determine 

the magnitude and position of a load applied to the pad.  
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