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Abstract: As the third media stream of the Internet, haptics will be widely used in haptic
applications. However, it is still a challenge to maintain the user's quality of experience at
the optimal level in the haptic interaction. The main characteristics of haptic signals and the
challenges of haptic interaction are introduced and the technologies of haptic signals ac—
quisition, reproduction, coding, and transmission are analyzed. In the future, the mutual in—
tegration of multi—-modal tactile devices, high—efficiency tactile coding, and bilateral tele—
operation control methods, as well as standard network transmission protocols will all pro—
mote the growth of tactile technology in multimedia interactive tasks.

Keywords: kinesthetic; tactile signal; haptic encoding; haptic communication
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(Nanjing University of Posts and Telecommunications, Nanjing 210003, China)
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Abstract: Aiming at future haptic communication with low time delay, high reliability, and
bi—directional interactions, the acquisition and representation methods of haptic signals
are given based on touch sensation and characteristics. For the damage and loss of haptic
signals in typical haptic and multi-modal scenarios such as remote industrial manipulation,
telesurgery, immersive games, and architectures of haptic signal recovery are proposed
from perspectives of both the within—-modal and cross—modal, respectively. Moreover,
several haptic communication prototype systems are built, which can effectively realize
remote haptic perception and feedback, and promote the user’ s immersive experience.

Keywords: haptic communication; signal acquisition; signal recovery; artificial intelligence
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Key Technologies and Challenges of 6G—Oriented

Tactile Internet
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(Huazhong University of Science and Technology, Wuhan 430074, China)

B2: NN 6G MESKREES, B aiim (T BIENE. BeURHRRITETK,
MBS, EREE. DREE 3 TEBRAFIDIRE T TI KEBRERAER, ARSI
PE, REETREREXME (SDN) / WESTIAREME (NFV) FOATERE (AD MAEHIHTEY
WLBERAL; EEREROE, REXAZTETEEB NN, FABENBEREESRA
BEXREE; ARREIRNE, REBIBE - 118 - CRIUARFHSBERRESNER
FEERE ). BB, WY T TIEREANAREFANDM. PR IR IS,

X8213: MTEN; MSED; DRTIBE; BYEE; B - 11E - SENaBE

Abstract: Following the development trend of 6G networks and focusing on the key per—
formance requirements of the tactile Internet (TI) for ultra—low latency and ultra—high
reliability, TI’s key enabling technology framework is systematically proposed from three
levels including network architecture, information transmission, and resource manage—
ment. In terms of network architecture, a new network architecture based on software
defined—network (SDN)/network function virtualization (NFV) and artificial intelligence (Al)
is proposed. In terms of information transmission, it is proposed to use multi-modal com-
munication to enhance the immersive experience, and to use semantic communication to
promote idea—passing communication between agents. In terms of resource management,
it is proposed to improve the carrying capacity of network services through the integration
of communication—computing—caching multi—-dimensional resource scheduling. Finally, the
problems, challenges, and possible solutions in TlI’'s development and application are dis—
cussed.

Keywords: tactile Internet; network architecture; multimodal communication; semantic com-
munication; communication—computing—caching fusion scheduling
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Optimization of Prediction Window and Computing

A

Offloading Strategy for Haptic Communication

R:&/WU Yan, £8/WU Dan, E£&/WANG Song

(FEZETIERS,PE FIR 210000)

(Army Engineering University of PLA, Nanjing 210000, China)

B2 2 TIRETNALS T EOMITBEESR, B3R S I TR 2BNITPX R, HE
NI REEHINB . UBFINBEBRANNEN, T 2R EENHNE ORI EH
BRBERSIMCEM. NET KB, ZIMUERRCNZREETNSITEHERER, Fi=
B3 —PEFRAMLSFUSTTEDRR SR AR TIDER, (DESREH,
PIRFATDREE YRILEIAUNIE OF T S EERE,

1) : ANDTIE1S ; BBIRDYIE ; WO s B0 T s 1B 5%

Abstract: A joint prediction and edge computing framework for haptic communications is
constructed. The tradeoff between delay and energy consumption is clarified, and the pre—
diction benefit of the transmitter is defined. In order to maximize the sum prediction bene—
fit, a joint optimization problem of multi—-transmitter prediction window and computing
offloading strategy is constructed. Then, the optimization problem is transformed into a
multi—transmitter prediction and computing offloading game, and a joint optimization algo—
rithm of prediction and computing offloading based on the best response is proposed to
converge to the Nash equilibrium. Simulation results show that the proposed algorithm can
achieve near—optimal performance.

Keywords: haptic communication; ultra—low latency; prediction; edge computing; game
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A Novel Flexible Haptic Sensor Array for

Visual Haptic Fusion Human-Machine Interaction

EF/WANG Shuang, R £/WU Bing, XI/&/LIU Qian

CREB T K%, E X&E 116033)

(Dalian University of Technology, Dalian 116033, China)

BE RE T —PEOUEE AV B8 =4 2R &R S5 DU ABN 8UAR T R ES IR
RE, ATREEREREIREPHMIENER. ZMIERSHAZ G 3BEWN, IM
FAEAFERBIFHHRMENIEPEIRTER. BIISLINE  ZERSFINEBEZ 0~
20 NLAUAEEYY 0.1 N, SEIINBAZEY N 23.8 ms, SEISIRH ST (S B EM TS RXKEE.

RE21T: I TCIE XSS ; AR DT TLERIN ; RZ M SE

Abstract: A flexible 3D haptic sensor and the corresponding signal acquisition software and
hardware to collect tactile information during real physical operation are proposed. The tac—
tile sensor consists of the front, left, and right sides, which can be worn at the fingertips of
the human hand and capture the tactile information during grasping. Through experimental
results, the sensor can range from 0 to 20 N with a detection accuracy of 0.1 N and an av—
erage response time of 23.8 ms, which enables to provide real-time and high—precision
haptic acquisition.

Keywords: flexible haptic sensor; tactile Internet; virtual reality
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Abstract: Haptic communication is considered as one of the most promising technologies in the next generation of mobile communications.

The background, technical essence, application services, and the technical problems and challenges in haptic coommunications are analyzed.

And the application value of combining the development of tactile communication technology and communication network construction is

indicated. It is believed that the fusion of haptics and multimedia technology will bring a novel innovation to signal processing.
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Abstract: Applications of 800 Gbit/s optical module contain SR (100 m scenario), DR/
FR/LR (600 m/2 km/10 km scenario), and ER/ZR (40 km/80 km scenario). Based on the
commercial law and technology maturity, three trends of single—-mode sinking, single
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Abstract: It is considered that the integration and deployment of time sensitive network (TSN)
technology and 5G network system will become an important direction for the deterministic
evolution of 5G network. The technical status of TSN technology is discussed. The necessity
and possibility of the integration of TSN and 5G network system are analyzed. The evolution
path and three integration deployment forms of TSN and 5G network system are highlighted.
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The container technology defined by the Cloud Native Computing Foundation (CNCF)
is analyzed, and the necessity of introducing container technology is highlighted from the
two aspects of technical solution and customer value. The compatibility and openness of the
evolution roadmap are discussed, and relevant migration solutions are proposed for different
deployment scenarios and suppliers for new and existing cloud platforms. Based on the project
practice, the detailed process of phased deployment of applications and smooth migration of
virtual network function to virtual machine container—based cloud native function is put forword.
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Anti—-Fake Base Station in 5G Network Based on Symmetric
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Abstract: The possible attack methods of the fake base stations in 5G network are analyzed. A
technical solution for anti-fake base stations based on symmetric key algorithm is proposed,
including protection key agreement and transmission procedure, protection area information
provision procedure, and cell authenticity procedure. The generation, transmission, and use
of key used to encrypt information are designed, and the key generation method used to
verify the authenticity of the cell is also designed, realizing the authenticity verification of
the broadcast or unicast message sent by the cell to achieve fake base station recognition.
Keywords: fake base station; symmetric key algorithm; protection area; shared root key group
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