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Function of tactile sensors:

Stiffness Vibrations
Texture

Perceptions 
(speed, heat…)
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OUTLOOK

Our Ingredients:

Spintronic sensor Chip 
Magnetic skin
Machine Learning

Touch is essential for interaction, safety, and emotion

Machines struggle to interpret tactile feedback

Magnetic skins   ➔ a pathway to mimic human sensation
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Tactile inspired in nature

Magnetic cilia bending induces magnetic profile variation

Spintronic sensor transduces variation into an electrical signal

P. Ribeiro et al. IEEE Transactions on Magnetics 53(11), 2017.

P. Ribeiro et al. IEEE ICRA 2020;  P. Ribeiro et al. IEEE IROS 2020.
A. Alfadhel and J. Kosel, Advanced Materials, 27, 7888–7892, 2015.
P. Ribeiro, et.al. IEEE Robotics and Automation Letters, 2, 971–976, 2017.
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Spintronic Sensors

7

Magnetoresistance 

MR =
𝑅𝑚𝑎𝑥 − 𝑅𝑚𝑖𝑛

𝑅𝑚𝑖𝑛

• Work at room temperature
• Small sizes
• Thin films   =>  in plane sensitive directions
• Large wafer production
• Compatible with CMOS wafers

eV
EF

0
EF

F1 F2

Insulator

MIT, 1996
IBM, 1997
INESC, 1997
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MgO target with  
Argon plasma

Film thickness:
Controlled at the atomic scale 
1 Å  =  0.1 nm

Wafer microfabrication 
in a Clean Room

Multilevel device 
patterning
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CILIA SIMULATION – 3 STEPS

Mechanical simulation
(FEM – with COMSOL)

Magnetic moment 
simulation

Deformation

Simulation: indentor iteratively 
lowered against cilia 
Steps of 100 µm
Discretized into cross-sections

Estimation of m 
direction

Magnetic moment 
simulation

H (x direction) 
over surface

Average field over 
sensor area

Best fitting function 
describing field

Magnetic field
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Detection of very small forces

Air and fluidics motion KAUST Patent 



Sensors for surface exploration 

Braille reading

Alfadhel, S. Cardoso, J. Kosel, 
IEEE Sensors Journal, 16 (24), 8700 (2016)



Proof of concept - Fruit quality classifier

Braeburn apples
• 12 ripe fruits
• 12 senescent fruits

Sabrina strawberries
• 12 ripe fruits
• 12 senescent fruits

Data acquisition
• Data rate: 1 kSPS
• Scan speed: 1 mm/s
• 10 consecutive scans in each area
• 2 areas per fruit



FEATURE WHAT IS MEASURED 
PHYSICAL 

CHARACTERISTIC

Stiffness (E)
Sensor signal with 
achieved contact

Fruit hardness

Waviness (S)
Std. deviation of 100 
point moving average

Deformation over 
fruit surface

Roughness (R)
Std. deviation of high-

pass filtered 
(f > 150 Hz) signal 

Fruit surface texture

Fruit can be classified 
into two classes

Ripe

Senescent

Waviness Roughness

Raw signal upon scanning

FRUIT QUALITY SENSING - RESULTS



FRUIT QUALITY SENSING - ALGORITHM

Gaussian Naive Bayes
Random Forest classifier
(Matlab R2016b implementation)

S, E E R,S S R,S,E

Ripe Rotten Rotten Ripe Ripe = Ripe

Majority settles decision

Probability of class k 
is updated with each 
scan

After 10 scans, the 
most likely class is the 
decision result

Methods were tested using leave-one-out cross validation



Stiffness (E) Fruit hardness

FRUIT QUALITY SENSING - RESULTS
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Combining 
R, S, E

Gaussian classifier 
(Gaussian Näive Bayes)
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3 mm

3mm

\mm

• Robot for Children support 

• 2D sensitivity

• Capable of detecting force with sub-mN resolution

• Small enough to fit Vizzy robotic hand: < 3x3 mm2

• Fabricated/mounted as a distributed array

Commercial solutions are not 
compatible with Vizzy:

• Big and bulky

• Resolution > 1 mN

Vizzy, the robot

The motivation:  
tactile sensors for human-friendly robot “Vizzy”

Too young to have cilia/hair…
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Where to locate the sensors? 
How many sensors?
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Shear force

Magnet displacement – vertical direction Z Magnet displacement– lateral directions X, Y

Normal force

< 5 mT variation

< 10 mT variation

< 1mm slide

< 1mm slide

For sensitive touch:

T. Paulino et al. IEEE ICRA 2017

L.Jamone et al. IEEE Sensors, 15(8). 2015

Magnetic field created by the magnet displacement 

sensor sensor sensor
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Do we need 3D sensors to understand the deformations?
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How to detect the position of a magnet 

with 1D sensors?

P.Ribeiro, IEEE Trans. Magn. 54 (11), 9401605 (2018)
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2D magnet position 

mapping achieved 

with μm resolution

P.Ribeiro, IEEE Trans. Magn. 54 (11), 9401605 (2018)
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Cover larger areas:

• Few sensors
• Distributed magnets



Distributed magnetic skin
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Application point for the force
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SUMMARY

3D Hall sensor

Bulk magnet

Soft skin

Pressure sensors

7.2 mN force detected

Texture sensors

83% accuracy in fruit classification ripe/rotten
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