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Motivation

Satellite-terrestrial integrated networks (STINs) aim at global seamless
communication coverage but face challenges in dynamic resource allocation due to
network dynamics, resource heterogeneity, and user mobility. Digital twin (DT)
technology can map a physical network to a virtual one for monitoring, analysis,
and optimization. However, the deployment and resource allocation of DTs can
impact their performance.

N O | W 1 | — — 1
s e O
i Cloud T 1 2
B I e W D 1 g Tdmﬂf
| e SR . P
R B i, ¥

ot SRR 0., -~ [ =T e ’ |

: \‘:.__ e aa ';‘ Satelifies -’j~ e _!"‘:~ [Dclllecu'clnl ) |

iy ae e | @_(:)'E;T fcﬂ 2 |

: _’-_;t % | : #E__ UA\?s e |

_____________________ q i
: Internet of Vehicles | | J|
L. ‘?MS’—‘ . (T3] S |

| UAVs ¢ % | mr(A" i | |

| - : *Q » | i 1
| AN 2 S~ | b e

ﬂ B | (L) £ | |’ DT of 1

| L= A = | .—vehic:les*1
. . b‘\"-._ _.-'f.

| Edge server “ Industrial Internet Gontrol and iy |

| ’ & o optimize | |

| R m/!-—r wh I | 7 of l

: :’ \:’ A o | | l--‘i-eq pment_‘*‘{

| |
| _ TS L |
Physical space DT space

Fig. 1 DT network architecture of a satellite-terrestrial-integrated network (UAVs: unmanned aerial vehicles;
DT: digital twin)



Main idea

- To address the challenges of deploying DTs in the network,
we innovatively formulate the DT multi-layer deployment
problem in a STIN to reduce system delay, ensure the
Interaction between users and DTs, and improve the user
experience of DT services.

- We propose an algorithm based on multi-agent reinforcement
learning (MARL) that formulaically solves the proposed DT
deployment problem by considering the DT deployment
strategy and system delay. Ultimately, the simulation results
substantiate the efficacy of the proposed algorithm.



Method

1. Deployment in local nodes t 2. Deployment in the end-side

Fig. 2 Process of constructing a digital twin model
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Fig. 3 The MARL method for the DT deployment
structure (MARL: multi-agent reinforcement learn-
ing; DT: digital twin; GRU: gate recurrent unit; FC:
fully connected)

Deployment in local nodes: limited computing resource and no communication delay.
Deployment in the end-sides: ample computing resources and low communication latency.
Deployment in the cloud: abundant computing resources and high communication latency
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Conclusions

In this paper, we innovatively formulate the DT multi-layer
deployment problem in a STIN to reduce system delay and
ensure the interaction between users and DTs. We employ an
MARL algorithm to address the multi-layer deployment
challenge. Simulations confirm that our approach significantly
reduces system latency.
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