SR HE Y R 5| =23

Journal of The Korea Society of Computer and Information
Vol. 31 No. 9, pp. 143-150, September 2026
https://doi.org/10.9708/jksci.2026.31.09.143

A Temporal Consistency Architecture for Real-Time Multi-Sensor

Track Displays under Out-of-Sequence Measurements

Seungho Kim*, Joonwoo Lee**, Scott Uk-Jin Lee***

*Student, Dept. of Computer Science & Engineering, Hanyang University, Ansan, Korea
+Student, Dept. of Applied Artificial Intelligence, Hanyang University, Ansan, Korea
+++Professor, Dept. of Computer Science & Engineering, Hanyang University, Ansan, Korea

[Abstract]

Heterogeneous sensor delays cause out-of-sequence measurements (OOSMs) in underwater surveillance
displays, placing targets at different time instants within a frame and producing discontinuous jumps.
Existing studies emphasize estimation accuracy rather than display consistency. We formulate OOSM as
a display-layer problem and propose fixed-lag and sensor-aware reorder strategies. On a synthetic
workload, fixed-lag reorder eliminates the 215-265 ms intra-frame time spread with 600 ms display
latency, while sensor-aware reorder reduces the 99th-percentile frame-to-frame jump from about 59 m to
6 m. Decomposing jumps into temporal-inconsistency and measurement-noise components delineates the
display—estimation boundary. The sensor- and tracker-independent architecture generalizes to multi-sensor

situational-awareness systems, including vessel traffic services.

» Key words: Underwater surveillance, Multi-sensor data fusion, Out-of-sequence measurements,
Real-time visualization, Temporal consistency
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I. Introduction
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Fig. 1. Out—of-sequence arrival and its effect on display order
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II. Related Work
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2. Display Consistency in Distributed Environments
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3. Real-Time Situational Awareness Displays
and the Common Operational Picture
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Table 1. Comparison of related approaches and the
proposed method
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Approach Layer . Key metric
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0O0SM
. . Not Track
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dead reckoning Display | Assumed mpiici error
[8-10, 12]
COP fusion | Fusion, Partly Not a Fusion
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Time
. Not Guaranteed | spread,
Proposed Display assumed (0 ms) jump,
latency

III. Proposed Architecture

1. System Model and Problem Definition
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2. Display Pipeline Architecture
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Fig. 2. Multi-sensor Track Display Pipeline

3. Baseline: Latest-Wins Display
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4. Proposed Method: Fixed-Lag Reorder
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Table 2. Bracket fraction vs. display lag L
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IV. Experiments and Evaluation

1. Experimental Setup and Synthetic Workload
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3. Data-Layer Results
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Table 4. Data-layer performance comparison of

latest-wins and fixed-lag reorder

Method | Targets | align,, ]M(W::f)wg lag,, | proc,, Thr(OfLFJ)gsf;put
Latest- 50 214.6 | 57.56 | 220.5 | 0.009 54,918
wins 100 | 243.4 | 58.96 | 209.1 | 0.017 36,809
(baseline) 200 | 265.3 | 58.76 | 205.0 | 0.033 16,925
500 | 219.9 | 59.58 | 243.4 | 0.133 2,229
Fixed-lag 50 0.0 33.83 | 600.0 | 0.057 7,130
reorder 100 0.0 37.13 | 600.0 | 0.081 4,926
(proposed) 200 0.0 43.89 | 600.0 | 0.182 2,413
500 0.0 52.02 | 600.0 | 0.360 1,579
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4. Jump Decomposition and the
Display-Estimation Boundary
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Table 5. Component decomposition of frame-to-frame
jump (99th percentile, m)

Sy Teruais Temporal | Noise Total Time
comp. | comp. | jump | spread
Latest-wins 100 2.40 58.9 59.0 2434
Fixed-lag | 459 | 035 | 372 | 371 | 00
reorder
Sensoraware | g | g 35 6.0 6.0 0.0
reorder
Latest-wins 500 3.33 59.5 59.6 219.9
Fixed-lag | 509 | 035 | 520 | 520 | 00
reorder
Sensoraware | g5 | g 35 6.2 6.2 0.0
reorder

V. Conclusion
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