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Telepresence
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audiovisual

communication

Network

Although conversational services are bidirectional , 
audiovisual data communication is 2x unidirectional



Telepresence + Haptics = Teleoperation
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Network

audio-visual-haptic

communication

Teleoperator in

remote environment

Haptic communication is by definition bidirectional

Operator with

Human-System-Interface

Local Control Loop Local Control Loop

Sensors

&

Actuators

R. Ferrell and T. B. Sheridan, ñSupervisorycontrol of remote

manipulation,òIEEE Spectrum, vol. 4, no. 10, pp. 81ï88, October 1967.

Operator performance increases significantly in telemanipulation of 
remote objects when haptic feedback is provided

[Cohen Loeb 1983; Hannaford et al. 1993; Hirzinger et al. 1994; Srinisavan et al. 1997; 
Dennerlein et al. 2000; Basdogan et al.  2000; Cockburn et al. 2005; Tholey et al. 2005; 

Hokayem et al. 2006; El Saddik 2007]
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Haptic Communication for the Tactile Internet
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Á In this talk: Human-in-the-loop TI

ÁFocus is on Quality of Interaction

ÁRemote environment can be real or virtual



Haptics
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Tactile PerceptionKinesthetic Perception

Perception of
form, position, surfacetexture, stiffness, friction, temperature, etc.

Image Source: Katsunari Sato,

Dept. of MEIP, The University of Tokyo/Japan

position & forces sense of touch of the skin
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Teleoperation with kinesthetic feedback
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Network

Position / Velocity

Force / Torque Feedback

Operator

Teleoperator

1000 ï4000 Hz sampling /packet rate

Very strict delay constraints (< 10ms)

Closed loop communication

Lack of realism (hard contacts / surface details )
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Demo: Strict delay constraint

7Eckehard Steinbach Haptic Communication for the Tactile Internet

Operator Teleoperator
Force Feedback



Teleoperation with tactile feedback
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Relaxed delay constraints

Improved realism

Open loop communication
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Communication of kinesthetic/tactile data
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ÁCommunication of kinesthetic information

ÁCommunication of tactile information
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Communication of kinesthetic data: Packet rate 
reduction
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Perceptual haptic data reduction [1]

Åexploits limits of human haptic perception

Åpacket rate reduction of up to 90% (no perceivable distortion)

Åleads to a variable packet rate Ą event-based sampling and communication

local control local control

[1] P. Hinterseer, S. Hirche, S. Chaudhuri, E. Steinbach, and M. Buss, ñPerception-Based Data Reduction and Transmission of Haptic Data in Telepresence

and Teleaction Systems,ò IEEE Trans. Signal Process., vol. 56, no. 2, pp. 588ï597, Feb. 2008. 

t

Transmitted

signal update

position/velocity

kinesthetic signals (forces, torques) + audio + video
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Communication of kinesthetic data: Time-delayed
teleoperation
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delay damping
(control)

transparency
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Time-delayed Teleoperation: Passivity-based
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J. Ryu, J. Artigas and C. Preusche, 1994

B. Hannaford, and J. Ryu, 2002

pos./vel.

force

operator
/master

teleoperator
/slave

force
network
(delay)

video/audio

passivity
observer

video/audio

pos./vel.fT

bT

passivity
observer

a b

mE
sE

Stable haptic interaction for delays 10ms é 100ms

Energy dissipation leads to reduced transparency
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Time-delayed Teleoperation: Model-mediated
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network
(delay)

pos./vel.

force local model env.
modeling

model parameters

sensor 
data

force

local
haptic loop

pos./vel.

no
delay

video/audio video/audio

teleoperator
/slave

fT

bT

B. Hannaford, 1989

P. Mitra and G. Niemeyer, 2008

B. Willaert, J. Bohg, H. Brussel and G. Niemeyer, 2012

Stable haptic interaction for delays 10ms é 200ms

Model errors / updates lead to reduced transparency
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Demo: TDPA + Perceptual coding für different RTT
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Control & communication for different delay
ranges
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Joint optimization of communication and control
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Applicationjoint optimization

Experience (QoE)
Task Performance 

(QoTP)

Control (QoC) Network (QoS)

Joint optimization including the knowledge about the human user 

models and 
metrics

models and 
metrics

models and 
metrics

models and 
metrics
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Shared Haptic Virtual Environments (SHVEs)
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Example: Physical coupling of two users in a VE
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Joint work with W. Kellerer and his team (LKN@TUM)



Communication of kinesthetic/tactile data
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ÁCommunication of kinesthetic information

ÁCommunication of tactile information
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Vibrotactile communication
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Communication of tactile information
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Perceptual

model

R. Chaudhari et al., IEEE JSTSP 2015

Vibrotactile signals are similar to speech signals
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Sine detection thresholds and masking
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R. Chaudhari et al., IEEE JSTSP 2015

custom-made stylus-like 

handle mounted on Mini 

SmartShakerTM
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Surface Material Perception
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Source: Okamoto et al., 2013


