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P Human Digital Twin (HDT): Concept

P S I S |
: Physical Space XR Headset I
EMG Sensor ‘
ol Rl
[0 ) 0 wl
Glucose

Sensor

Body
Movement

Emotion Cognition Thoughts

, Stress Calm |workload | Fatigue [!magined] muscle | Posture
w Speech
— — - [,

Virtual Twin States

\ Synchronization /

Human Digital Twin (HDT): HDT characterizes the replication of individual human body in the virtual/digital
space while reflecting its physical status both psychologically and physiologically in real time

« Samuel D. Okegbile, Jun Cai, Changyan Yi and Dusit Niyato, "Human Digital Twin for Personalized Healthcare: Vision, Architecture and
Future Directions," IEEE Network, 2022.



HDT is Forthcoming
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’ HDT in Personalized Healthcare
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P HDT on the Network Edge
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P HDT vs Traditional DT

Key Features Traditional DT HDT

Human beings are living entities. Hence, their
Emotion and Psychology Lack of emotions and psychology emotions and psychology can be affected by
external factors or physiological states

The behavioral rules of similar Human external behaviors depend on individual
Behavioral Rules machines are almost predetermined subjective consciousness and internal behaviors,
and similar affected by multi-source and complex factors

HDT can lead to healthcare inequality between
developed and developing countries. Besides, it is
not clear whether patients should be authorized to

access some information about their own.

Ethical Consideration Limited or no ethical considerations

Mostly heterogeneous and unstructured. Correlation
Data Complexity Mostly structured and homogeneous also exists between each individual and external
data such as environmental and social media data

Mostly fixed with no or limited

ety mobility

Highly mobile with very complicated mobility patterns




> Framework of HDT
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’Architecture and Key Requirements of HDT
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P Data Acquisition in HDT
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P cCommunication in HDT
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P Computation in HDT
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D Decision Result
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P Data Analysis and Decision Making in HDT
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’ Challenges of HDT on the Network Edge

» Issues introduced by frequently update of HDT on the network edge:
1. Different types of signals with different frequencies
2. Collaborative update among distributed HDT subsystems (strong correlations among subsystems)
3. Efficient PT-VT pair synchronization

* Issues introduced by big HDT model deploying on the network edge:
1. Edge-cloud collaboration enabled asynchronous HDT model deployment
2. Dynamic HDT service migration w.r.t. PTs’ positions and tasks
3. Green operation of large-scale systems

* Issues introduced by immersive interactions of HDT on the network edge:
1. Joint uplink-downlink design for end-to-end performance
2. Seamless interactions under uncertain mobility
3. High-fidelity interactions with limited power budget (which may also restrict the service coverage)



> Future Research Directions
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