HAsk F 1M 1l A Bl 2 Bl Vol. 48 No. 11
2025 4 11 H CHINESE JOURNAL OF COMPUTERS Nov. 2025

HEOZENESREENSHIERNTZTEERS A
MlEZ $ITHMRIE &

BoOLY ORERY BRAERY BFE) REAEY % K" FEHAY
“(/‘r‘ﬁﬁ%ﬁﬁwﬂ‘%'ﬁ A BE MR 211189)
DKM R RS b BT 211189)

W OE RE YIRS R RERS sl i s i K, X RS A E A B BR R OR H AR, ST A BT R
TSR W50 8 LT A — A BE 24T il & ok D & B 3K B ] CToA) L Bk M BE (AoA) 2545 78 YR J7 1]
A5 B A7 TE AR FR L AN G U T R R M DL B TR sl (5 5 LA B T . ik, A SCER A T
ABLEALHAF S 58 A5 R AT R EE S IRIBER . F0 5 5 B 3 S ENE S0 E M 515 5 B B R R
SR 32 30 WP R ) L B TR 1) AR R P A G T — i 1 B B 45 S URGE B A R 0T I AR I A A TR AL
TR RAT RURIN BV . 1205 W6 v St AR 4 Joe ) ) 2 s 4 3% 5 L Tl 5 | A I [ 4 32 52 B A% Bl A5 5 R I 2 0 A B o
THARL, BRI, TANLE 5@ A S 3 G R U 5 IR SR AR R JF S B R 3 15 5 (0 0 S
A s DAAE BO A5 5 R0 2 Bk . i — 250 R TH T 2B A IS R AE 2 AT R R Rk HLHES‘%)@%?&B}I&
FIE E2 B Be i R g TVR A1 LW SFAl o8 8009 30 25 D1 Ll A R0 the 1 50 20 IR R 5 R0 L 38 B 19 A 17

Tk R R A A R S AR %Uc']?ﬁ"%%‘,?%ﬁﬂ{iﬁ%%ﬁﬁﬁ&,ﬁﬁ%%kiﬂﬁz%f-ﬁimﬁﬁﬂ\h_fﬂmiﬁ
ﬁﬂ?qnbkﬁﬁrﬂ% R AR SCHe e i SO IEAE 2 3 i DR AR 7 S R AN L S S 46 T 4R R T AP B 1R

U5 18 B3 A A B
xR BIMESFEBE TAVL fFL AT S Bl R s {5 5 5R E
FEESES TP393 DOI & 10.11897/SP.J.1016. 2025. 02695

Gaussian Process Spatiotemporal Modeling and Online UAV Flight
Planning Algorithm for Mobile Signal Source Tracking

SHAN Feng” ZHANG Ya-Fen” CHEN Ci-Yuan” CHENG Yu-Ying” XIONG Run-Qun”
LING Zhen” LUO Jun-Zhou"

D (School of Computer Science and Engineering, Southeast University, Nanjing 211189)

#' (School of Cyber Science and Engineering, Southeast University, Nanjing 211189)

Abstract  With the widespread adoption of Internet of Things (IoT) and intelligent mobile de-
vices, the demand for mobile device positioning and tracking has been growing significantly, par-
ticularly in critical application domains such as search and rescue, environmental monitoring, and
security surveillance. However, existing research predominantly focuses on static signal source

scenarios, where positioning methods typically rely on one or multiple dedicated devices to meas-

ure directional indicators such as Time of Arrival (ToA) and Angle of Arrival (AoA). These de-
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vices present significant limitations in terms of size, weight, and power consumption, making
them difficult to directly apply to mobile signal source tracking scenarios. To address these limi-
tations, this paper proposes a novel approach that utilizes unmanned aerial vehicles (UAVs) rel-
ying solely on Received Signal Strength Indicator (RSSI) for mobile signal source tracking. Given
the challenges posed by mobile signal sources—including the unknown relationship between sig-
nal strength distribution and signal source position due to source mobility, measurement noise in-
terference, and the absence of directional information, this paper designs a comprehensive solu-
tion comprising two key components: a Gaussian process spatiotemporal modeling framework
and an online flight planning algorithm specifically tailored for mobile signal source tracking. The
proposed method represents a significant innovation by extending Gaussian process applications to
spatiotemporal high-dimensional scenarios. This extension is achieved by introducing the tempo-
ral dimension, which enables accurate modeling of the spatiotemporal distribution of mobile sig-
nal sources. The method operates through a systematic process. Initially, the UAV utilizes on-
board sensors to acquire signal strength information in real-time. Subsequently, the system es-
tablishes the spatiotemporal distribution of signal strength based on an improved Gaussian
process regression model. This approach enables accurate prediction of changes in signal source
position over time, Furthermore, building upon this foundation, the paper presents a multi-stage
adaptive online flight planning strategy. which divides the tracking task into two distinct phases:
exploration and tracking phases. This strategy incorporates a dynamic switching mechanism be-
tween two evaluation functions: Integrated Variance Reduction (IVR) and Likelihood Weighted
(LW). Through this mechanism, the system effectively achieves an optimal balance between
global exploration and local precise positioning. This design effectively addresses the fundamental
trade-off between sufficient exploration and timely tracking convergence. Subsequently, the sys-
tem operates through iterative execution of spatiotemporal modeling and path planning steps,
systematically optimizing the flight path at each iteration. This iterative approach ensures that
the UAV can successfully track and reach the mobile signal source within a predetermined num-
ber of steps. To validate the proposed approach, this paper establishes a comprehensive progres-
sive validation framework. The framework encompasses three distinct levels: theoretical valida-
tion, parameter optimization, and practical application. The first level involves extensive simula-
tion experiments that verify the effectiveness of each algorithmic module individually. The second
level focuses on optimizing system parameters for enhanced performance. Finally, the third level
convincingly demonstrates practical viability through real-world experiments using actual UAV
platforms. Through extensive simulation experiments, the effectiveness of each algorithmic mod-
ule is verified, and the effectiveness of the proposed UAV-based mobile signal source tracking al-

gorithm is validated through real-world experiments.
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Background

UAV-based signal source tracking is a key research di-
rection that integrates autonomous sensing and mobile target
localization. With the widespread adoption of IoT and intelli-
gent mobile devices, the demand for real-time localization
and tracking of mobile devices is increasing. This technology
utilizes UAVs equipped with signal receiving equipment to a-
chieve localization and tracking of mobile signal sources
through aerial movement and real-time sensing. Compared to
traditional static sensor networks or ground platforms, UA-
Vs can overcome terrain obstacles, enable rapid deployment,
and perform flexible maneuvers in three-dimensional space,
significantly enhancing tracking efficiency and reliability in
complex environments.

UAVs possess unique technical advantages: altitude
benefits reduce ground obstruction effects, rapid deployment
and strong maneuverability support dynamic path adjust-
ment, and close-proximity sensing achieves stronger signals
and higher accuracy. They demonstrate significant applica-
tion value in multiple fields: rapidly locating distressed per-
sonnel in search and rescue missions, tracking illegal signal
sources in spectrum monitoring, and monitoring mobile sen-
sor nodes in environmental applications.

Despite obvious advantages, mobile signal source track-
ing still faces major challenges. The limitations of mobile
platforms in payload, power consumption, and computation-
al resources require designing efficient algorithms that rely

solely on easily obtainable signal measurements.
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Existing methods primarily target static scenarios, assum-
ing fixed signal source positions and relying on pre-established
fingerprint databases or known propagation models. When ex-
tended to mobile tracking, they require multiple sensors to obtain
directional information such as Time of Arrival (ToA) and Angle
of Arrival (AoA). The dynamic characteristics of mobile signal
sources present fundamental challenges: signal source movement
causes time-varying and unknown mapping relationships between
signal strength and position, pure signal strength measurements
cannot provide directional information, and sensor noise increases
localization uncertainty. Existing methods have high computa-
tional complexity, depend on extensive offline training, and lack
real-time adaptability.

This paper proposes a Gaussian process spatiotemporal
modeling approach combined with online flight planning, u-
sing only RSSI measurements to solve mobile signal source
tracking problems. By introducing the time dimension and
extending Gaussian processes to high-dimensional spatiotem-
poral scenarios, the method effectively models the spatiotem-
poral distribution of mobile signal sources and accurately pre-
dicts position changes. A multi-stage adaptive online flight
planning algorithm divides tasks into exploration and tracking
phases, with dynamic switching between evaluation functions
to balance thorough exploration and early tracking. Through
iterative optimization of spatiotemporal modeling and flight
planning, the system optimizes flight paths, enabling UAVs

to complete tracking tasks within predetermined steps.



