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Dexterous In-Hand Manipulation
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Grasping Reliability Manipulation Adaptability
Human Robot Robot Human
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Tactile Sensing in Manipulation: Providing valuable Contact Information

Unknown contact Object pose Contact force Friction distribution 
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Reviewing Vision-based Tactile Sensing

[1] Mingxuan. Li et al., IEEE Sensors J. (review article), Apr. 2023, https://doi.org/10.1109/jsen.2023.3255861
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 Marker Displacement Method[1] in VBVS:

how to better utilize 
contact information?

How to better obtain 
contact information? 



[2] Mingxuan. Li et al., IEEE TIM, Aug. 2022, https://doi.org/10.1109/tim.2022.3196730
[3] Mingxuan. Li et al., IEEE RA-L, Sep. 2023, https://doi.org/10.1109/lra.2023.3303830
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Contact Representation

 Virtual Binocular Vision:

Measured
markersVirtual

markers

Grid lines

Multi-color CMP[3]

Square CMP[2]

 Continuous Marker Pattern (CMP):

 Only one camera is needed to achieve stereoscopic vision (for synchronization and compactness)

 Discrete markers → continuous marker pattern: for high precision, resolution, and reliability

Camera Marker

Mirror group 1

Mirror group 2

Light Path 1
Light Path 2

Virtual camera 1

Virtual camera 2
Y. Wang et al., IEEE 
Trans. Instrum. Meas. 
72 (2023) 5010916.
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Contact Extraction

[2] Mingxuan. Li et al., IEEE TIM, Aug. 2022, https://doi.org/10.1109/tim.2022.3196730
[4] Mingxuan. Li et al., Measurement, Nov. 2023, https://doi.org/10.1016/j.measurement.2023.113479

 New sampler: considering the influence of contact deformation on corner features (distortion)

 Selected features can preserve the true corners and filter out the false candidate points

 Marker Detection:

𝜃𝜃

1

0

⁄𝜋𝜋 2 𝜋𝜋 ⁄3𝜋𝜋 2 2𝜋𝜋

Inner layer

Outer layer

𝜃𝜃

1

0

⁄𝜋𝜋 2 𝜋𝜋 ⁄3𝜋𝜋 2 2𝜋𝜋

Noise

Intra-layer features

Inter-layer features

0.875

C
irc

ul
ar

 C
ro

ss
-

C
or

re
la

tio
n

∆𝜑𝜑=20°

∆A=0.875

D
is

cr
et

e 
Fo

ur
ie

r-
Tr

an
sf

or
m

∆𝑓𝑓12=0.254

H
z

0.279

0.02
4

Outer layer as an example

∆𝑓𝑓23=0.209

0.067

[Detector of CMP]



6
Contact Reconstruction

[4] Mingxuan. Li et al., Measurement, Nov. 2023, https://doi.org/10.1016/j.measurement.2023.113479

Smooth contact:

Sharp contact:

x/mmy/mm

z/mm

𝐹𝐹𝑍𝑍
𝑀𝑀𝑍𝑍

 Motion Tracking:

 3-D Deformation Reconstruction: Improving the real-time performance and robustness
(execution speed: 120Hz, success rate: 97.5%) to achieve high density.

 Deformation Reconstruction:
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Application: Rotation Measurement

[5] Mingxuan. Li et al., 2024 ICRA, https://arxiv.org/abs/2309.05366

Tac3D 
sensor

Gripper

Rotation
: Movement

: No-contact point : Slip point: Stick point
: Four-line feature

 Ensuring Accuracy: Exclude the slip markers and utilize only the stick region for the calculation

 Mean absolute rotational error: 𝟎𝟎.𝟏𝟏𝟕𝟕°±𝟎𝟎.𝟏𝟏𝟓𝟓° (SOTA) [ Baseline: MARE of 𝟑𝟑.𝟎𝟎𝟗𝟗°±𝟐𝟐.𝟗𝟗𝟐𝟐].

 Pivoting Rotation Measurement:
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Application: Rotation Measurement

[5] Mingxuan. Li et al., 2024 ICRA, https://arxiv.org/abs/2309.05366

 Ensuring Accuracy: Exclude the slip markers and utilize only the stick region for the calculation

 Mean absolute rotational error: 𝟎𝟎.𝟏𝟏𝟕𝟕°±𝟎𝟎.𝟏𝟏𝟓𝟓° (SOTA) [ Baseline: MARE of 𝟑𝟑.𝟎𝟎𝟗𝟗°±𝟐𝟐.𝟗𝟗𝟐𝟐].

 Pivoting Rotation Measurement:
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Application: Human-Computer Interaction

[6] Mingxuan. Li et al., Sensors and Actuators: A. Physical, in revision, https://doi.org/10.36227/techrxiv.170775314.44150885/v2

 Fingertip Pose Estimation: Incipient slip detection method that can be applied for soft object
 OneTip: A non-rigid tactile interface for single-fingertip human-computer interaction with 6 DOFs

 Interaction Paradigm:  Application in HCI:
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Application: Force Reconstruction

[7] Mingxuan. Li et al., IEEE RA-L, Jul. 2024, https://doi.org/10.1109/lra.2024.3426383

 EasyCalib: In-situ calibration that relied on comparing contact deformation (without F/T sensors)

 Deformation-based: Constructing the relationship of deformation field based on contact modeling

 Calibration of Mechanical Parameters: Calculating the mechanical 
parameters of elastomers
• Young’s modulus 𝑬𝑬
• Poisson’s ratio 𝝂𝝂

Force reconstructionContact object

Inverse finite element method



Thank You Very Much
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