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Why Tactile Intelligence Is the Future of Robotic

Grasping > Better tactile capabilities, not just vision, will
let robots grasp any object

BY VINCENT DUCHAINE | 18 JUL 2016 | 9 MIN READ | []

Perceptions

(speed, heat...)

>? F(O)CUSED 19: 199385012
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Better tactile capabilities, not just vision, will let robots grasp any object. IMAGE: CORO LAB



OUTLOOK

Touch is essential for interaction, safety, and emotion
Machines struggle to interpret tactile feedback !J
—

Magnetic skins = a pathway to mimic human sensation

Actuation

Our Ingredients:

Soft robotics

Spintronic sensor Chip |
Magnetic skin Sensing
Machine Learning

Biorobotics
Bioelectronics



Biological sensing: receptors in the human skin
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Artificial sensing: soft tactile sensors for robots

Mechanoreceptors:
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Tactile inspired in nature

Cilium
Passive
(attached to dendrite)

Magnetic cilia bending induces magnetic profile variation

Spintronic sensor transduces variation into an electrical signal

Magnetic

cilia \\ o F

TMR sensor \

Dendrite

Active
(sends neuronal impulses)

Support PCB
o P. Ribeiro et al. IEEE Transactions on Magnetics 53(11), 2017.
INesSC <D KAUST P Ribeiro et al. [EEE ICRA2020; P. Ribeiro et al. [EEE IROS 2020.
gﬁ A. Alfadhel and J. Kosel, Advanced Materials, 27, 7888—7892, 2015.

Microssistemas e Nanotecnologias P. Ribeiro, et.al. IEEE Robotics and Automation Letters, 2, 971-976, 2017.



Spintronic Sensors

Magnetoresistance
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CILIA SIMULATION — 3 STEPS

Mechanical simulation .
Magnetic moment

Magnetic moment
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simulation r\ simulation
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V- V(t=0) (mV)

Air and fluidics motion

Detection of very small forces

KAUST Patent  |mimimim L

| Randomly oriented
mechanical actuation
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Sensors for surface exploration
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Proof of concept - Fruit quality classifier

Braeburn apples
e 12 ripe fruits Sensor
* 12 senescent fruits

Cilium 4 3
Sabrina strawberries 1
e 12 ripe fruits
e 12 senescent fruits
Data acquisition Sensor Sensor Sensor

1 cm

e Data rate: 1 kSPS
e Scanspeed:1mm/s & L o N
* 10 consecutive scans in each area
e 2 areas per fruit



FRUIT QUALITY SENSING - RESULTS

Raw signal upon scanning

= | PHYSICAL
- FEATURE WHAT IS MEASURED CHARACTERISTIC
Ar Senescent apple {10

Sensor signal with
achieved contact

Stiffness (E) Fruit hardness

\ Stiffness

(Average of first
100 points)

Raw signal (LSB)
.
y oy
£

Sensor output voltage (mV)
Input referred

Std. deviation of 100 Deformation over

_ 22 Waviness (S) . . i
48 point moving average fruit surface
T Std. deviation of high-

20 1w 2000 T_,‘so'{i(: ) 0003000 6000 " Roughness (R) pass filtered Fruit surface texture
Waviness Roughness / (f > 150 Hz) signal

)

—;_." 0 T, 4000 0

) > s

3 200 *;;» 33000 15 ‘3

-3 = =000 0 2

- 10 g = =

g -400 g 2 1000 5 5 .

520 = E o 0 H RI pe
i‘i “1d ‘é Fruit can be classified

£ : 31000 s 2 ruit can pe ciassirtie

K = |00 % 22000 p— -10 3 o

‘_E =40 8 \Iﬁll:‘l:].ﬁ w) g T 3000 | i :V;i[m F) -15 .15‘: Into two CIasses \

; o0 WS : Senescent
e o 1000 2000 3000 4000 B 4000 20

.
=3

0 1000 2000 3000

Time {ms) X
Time (ms})



FRUIT QUALITY SENSING - ALGORITHM

Gaussian Naive Bayes

. 1395
StlffneSS (S) — / Mean vector
. Gausslan
Waviness (E) — .
estimator
Roughness (R) — ~ X

Covariance matrix

F7. - Fruit belonging to class k

Probability of class k

P(F}|S;. E;. R;) = P(Fy) Pgﬁbig’*) is updated with each
A - scan
0.5
,\ After 10 scans, the
Fj, = argmax P(Fy|S;, E;, R;) most likely class is the
Fi decision result

Methods were tested using leave-one-out cross validation

Random Forest classifier

(Matlab R2016b implementation)
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FRUIT QUALITY SENSING - RESULTS

Wt €

Geometry A

400 pm

Stiffness (E) === Fruit hardness

45 I | | T 1
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Figure 6.4: Computed E parameter histogram from all scans of apples scanned using a geometry A ciliary
sensor.



. o Ripe fruit
Gaussian classifier 700 * Dataset and 20 surface
(Gaussian Naive Bayes) ) A I \ l
= 600 * o¥% o O
E
ﬁ
Combining
R, S; E . 1 feature 2 features 3 features
Sensor Fruit
(E) (E+R) (S+FE+R)
g Apple 0.83 0.92 0.96
Strawberry 0.63 0.79 0.71
D Apple 0.71 0.88 0.88
Strawberry 0.67 0.67 0.71
= Apple 0.58 0.71 0.71
Strawberry 0.63 0.83 0.83

Table 6.3: Accuracy vs number of features used for classification with Gaussian Naive Bayes algorithm.




Cont. A

Cont. B

h=3 mm
¢ =400 pm

h=1.6 mm
¢ =320 pm

Apple

Strawberry

True positive | True negative | Accuracy
Naive Bayes 11/12 12/12 0.96
Random Forest 10/12 12/12 0.92

True positive | True negative Accuracy
Naive Bayes 7/12 10/12 0.71
Random Forest 8/12 11/12 0.79
True positive | True negative Accuracy
Naive Bayes 10/12 7/12 0.71
Random Forest 10/12 10/12 0.83

True positive

True negativ

Accuracy

True positive | True negative Accuracy
Naive Bayes 10/12 11/12 0.88
Random Forest 10/12 11/12 0.88
True positive | True negative Accuracy
Naive Bayes 9/12 8/12 0.71
Random Forest 9/12 11/12 0.83

Naive Bayes

10/12

10/12

0.83

Random Forest

10/12

10/12

0.83



The motivation:

tactile sensors for human-friendly robot “Vizzy”

* Robot for Children support Too young to have cilia/hair...

* 2D sensitivity
Commercial solutions are not

e Capable of detecting force with sub-mN luti
P 8 HRTITIN resOIition compatible with Vizzy:

Small enough to fit Vizzy robotic hand: < 3x3 mm?

~

* Fabricated/mounted as a distributed array

[

[ —
-y,

1.7 cm lcm

\ATI Nano 17-E Optoforce /

* Big and bulky

e Resolution >1 mN




Where to locate the sensors?

How many sensors?

‘SA1

Deep mechanoreceptors Surface mechanoreceptors

* have large receptive fields * have small receptive fields
* respond to high frequency stimuli * respond to low frequency stimuli



Magnetic field created by the magnet displacement

1 - Hall-effect sensor
4- Robot finger 5- Air gap

3- Elastomer

2- Magnet

Magnet displacement — vertical direction Z

< 5 mT variation

Normal Force

Magnetic Field [Oe]

1 15 2 25 3 35
Displacement [mm]

T. Paulino et al. IEEE ICRA 2017
L.Jamone et al. IEEE Sensors, 15(8). 2015

Shear Force

15

10

Magnetic Field [Oe]
= [}

|
tn

Magnet displacement- lateral directions X, Y

zmm=0,5n-m

z, =0 mm

< 10 mT variation

-2 -1.5 -1 -0.5 0 0.5 1 15 2
Displacement [mm]




Soft sensitive skin
for dexterous
robot hands

Available on the market. XELA.

ROBOTICS g =




Do we need 3D sensors to understand the deformations?

vs)

100

50 .

(9}
o

Accuracy (%)
Accuracy (%)

o
o




How to detect the position of a magnet
L semsng |7 with 1D sensors?

Sensor4

/'Sensitive
Sensor 1

direction

Sensor position

Simulation coincides with Fabricated device
- maximum field areas

-2 Increased
e S sensitivity
B = 1
52 ool
@ X< 1 49 MTlJs
= 5 n 31 '
: 9 mm*< active area =1
i
0.2 0.3 0.4 l k
— Magnet characteristics: |
Magnet position: .
- Br=135T Small footprint
(Xay,zh) (01 01 2'5) mm h= ¢ =1mm p

PRibeiro, IEEE Trans. Magn. 54 (11), 9401605 (2018)



2D position mapping

Predictive algorithms
Trains (Top performers)

Trained correlation

10201 ifiai —
MAPPING e Artificial Neural Network [7] Magnetic field/Magnet
METHOD Magnetic field/ position correlation
Magnet position pairs Regression Forest [8]
2.5 i 2.5 i : ;
1 —— Predicted trajectory . +— Predicted trajectory
v 2k - : L Real trajectory ok #‘V?,.,__lr - o Real trajectory
o e \ N - : ey
(@) 15F : RN 15F r : \. |;)
2 osp | _os5p : | E
3 e ] A . =
e > ! s > ! J )
D 05 e -r ” ! -m 0.5 "\ ! . 72
1 / \‘-\ 1 rd o
- 1 ' AN 1
< 15 A | A - 15} O\ . 8
G Trained e Sl 2 Trained "=~ 1 ) o
L zone = T i b zone el LI W
E— -2 : L 2 :
- -2.5 . ' . : . ! -2.5 ; ! ! . 'I !
o -2.5 2 1.5 1 05 0 0.5 1 1.5 2 2.5 25 -2 15 -1 05 0 0.5 1 15 2 2.5
< X (mm) X (mm)
Computation ~10 KB Computation ~98 MB
RMS error ~170 pm RMS error

2D magnet position
mapping achieved
with pm resolution

~96 um P.Ribeiro, IEEE Trans. Magn. 54 (11), 9401605 (2018)



Cover larger areas:

* Few sensors
* Distributed magnets



Distributed magnetic skin

vec Fabnic
GND Bump & .
SCL SDAI-4 air gap Silicone layer °
INeSC

Microssistemas e Nanotecnologias

Magnetic elastomer

Epoxy resin

S
mall magnet PCB

MIL.X90393 TMR sensors

Fabric  Silicone layer Small magnet PCB

54

Air gap MLX90393 PCB

T. P. Tomo et al., "A New Silicone Structure for uSkin—A Soft, Distributed, Digital 3-
Axis Skin Sensor and Its Integration on the Humanoid Robot iCub," in IEEE Robotics
and Automation Letters, voi. 3, no. 3, pp. 2584-2591, July 2018, doi:
10.1109/LRA.2018.2812915.
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SUMMARY

Pressure sensors Texture sensors

/ Localized sensors rotten

with one function
Soft s

Bulk magi

»>

Distributed sensors /
with multiple functions

_—»

3D Hall sensol

o

Distributed sensors
with one function
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