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This paper proposes an information-level telemetry
structure for synchronizing the states of autonomous
underwater vehicle (AUV) operational digital twins
under low-bandwidth underwater communication. The
problem is formulated as essential-state
synchronization rather than raw-data replication, and
telemetry information is classified into basic state,
state confidence, dynamic context, and event
information. Based on this classification, four
telemetry levels, from Level 0 to Level 3, are defined.
Payload-based analysis shows that the reference
raw-data stream requires approximately 22.464 kbps,
whereas the proposed Level 2 structure requires
approximately 0.512 kbps, corresponding to a 97.72%
reduction in payload. A DVL outage example further
shows that event-based auxiliary transmission can
reduce the confidence awareness delay of the remote
digital twin. The proposed structure provides a basic
telemetry design framework for AUV operational digital
twins operating in constrained underwater
communication environments.
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Table 1. Functional layers of telemetry information for
AUV operational DT

Layer Description

Position, velocity, attitude, depth, and

Basic state heading for updating the virtual AUV state.

DVL validity, sensor availability, navigation
quality, and elapsed time since the last
correction.

State confidence

Summarized thruster, control-surface,
heading-rate, and speed-change
information for short-term prediction.

Dynamic context

DVL outage, confidence degradation,
Event actuator saturation, or fault occurrence for
early awareness.
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Table 2. Proposed information-level telemetry structure

Level Information and function

Basic state only. It supports position and
attitude update, but does not provide
confidence interpretation.

Level 0

Basic state + state confidence. It allows
Level 1 the remote DT to interpret the reliability of
the received state.

Level 1 + dynamic context. It improves
short-term prediction between telemetry
packets.

Level 2

Level 2 + event packet. It supports early
awareness of DVL outage, confidence
degradation, or system faults.
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Table 3. Periodic and event packet operation

Packet type Operation

Transmitted at a fixed interval for state
update, confidence interpretation, and
short-term prediction.

Periodic packet

Transmitted when DVL outage, confidence
degradation, actuator saturation, or fault
occurrence is detected.
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Table 4. Reference payload rate of raw—-data streams

Raw-data stream Payload rate

IMU, 6-axis, 32 bit, 100 Hz 19.200 kbps

DVL, 6 items, 32 bit, 5 Hz 0.960 kbps

Depth, 1 item, 32 bit, 10 Hz 0.320 kbps

Control surface, 8 items, 16 bit, 10 Hz 1.280 kbps

Thruster, 4 items, 16 bit, 10 Hz 0.640 kbps

System status, 64 bit, 1 Hz 0.064 kbps

Total 22.464 kbps
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Table 5. Payload comparison of information-level tele-
metry

Level Payload and function

32 B, 0.256 kbps, 1.14%.

Level 0 Basic state only.
Level 1 40 B, 0.320 kbps, 1.42%.
Basic state and confidence.
Level 2 64 B, 0.512 kbps, 2.28%.
State, confidence, and dynamic context.
lovel3  04B+event, over0.512 kbps.

Level 2 with event packet.
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Table 6. DVL outage timeline and remote DT awareness
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