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Abstract: Passive tracking of uncooperative maneuvering radiation sources by a single unmanned aerial vehicle
(UAV) using only received signal strength indicator (RSSI) measurements is of considerable strategic and engineering value
for missions such as electronic reconnaissance, spectrum monitoring, and emergency search and rescue. However, existing
RSSI localization methods rely heavily on environmental propagation priors and treat parameter estimation, state filtering,
and path planning as isolated serial processes, leaving them unable to handle dynamic scenarios in which core propagation
parameters such as transmit power and path loss exponent are unknown and the target keeps maneuvering. The inherent low
spatial resolution of scalar RSSI from a single channel further intensifies the structural conflict between exploration and ex-
ploitation. To address these challenges, this paper proposes an embodied intelligence-based closed-loop tracking method for
a single UAV, which adopts structured uncertainty metrics as a unified carrier of cross-layer information flow and deeply
couples perception, cognition, and decision-making through bidirectional propagation of uncertainty, forming a cooperative
tracking architecture driven by closed-loop information flow. At the perception layer, a parameter prior inference network is
built to extract the empirical distribution of propagation parameters from historical spatio-temporal observation sequences,
providing data-driven initialization for the subsequent Bayesian inference. At the cognition layer, a dual-chain decoupled in-
ference mechanism based on Rao-Blackwellized conditional decomposition is designed for the joint estimation of unknown

propagation parameters and maneuvering states, in which the outer particle filter estimates large-scale fading parameters on-
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line while the inner adaptive interacting multiple model filter accurately infers maneuvering states of the target. A particle
revival mechanism guided by effective sample size monitoring is further introduced together with a belief inheritance mech-
anism to prevent parameter resampling from disrupting the continuity of state tracking. At the decision layer, to mitigate the
exploration-exploitation conflict noted above, a hierarchical planning strategy fusing information gain with model predictive
control is constructed, and a learnable ranking gating network is introduced to perform real-time utility evaluation over can-
didate strategies including tracking, probing, and conservative options, allowing the UAV to adaptively transition from
broad-area exploration to tight escort flying according to belief uncertainty. Simulation results show that the proposed meth-
od outperforms the compared baseline approaches across all core metrics under cold-start conditions with completely un-
known propagation parameters, and the tracking performance under the mode without manual calibration priors approaches

and in certain metrics surpasses the ideal performance of several baselines operating with known parameters, which verifies

the adaptability and robustness of the proposed architecture under degraded sensing conditions.
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Figure 1 System model

RGBT T BN R AR B i ) 5 P G
ALY 2 18] 057 8% 5 00 SR A ) 25 58 il . B B K
) 19 BB S T AL B ML Sh v S 05 5 R R Ry &8
[ A DG, DA £ A 40 B 8] 26 ) 2R 00k 25 0 R
Vo AEREAIE R A2 4T TN, B ML B Je 2 T 24
I 2 (B A0 2 4R S Bof H 40 00 30 RSST T 1), Bifi J 58T
& RN SHE BArig s RSN A H R,
e PRz G & A AR T — 20 51 5484
1.2 EEIEzhFEEE

T TR HOM S A5 8] A B B AS ) G
e RSE o Hx w B S H& ECh Hw . JTE AHLE N 3230
PATHR , Hozs AR S 4o B ) B pr = (x' ") 5
B OHCAL W 1) ¢t e{0,1, -7} BE B B E L IE O s =
(p'™,¢")e Z IR TEE W EML SN EE, Hofs il 45 2 9t
Sl 1 B o £ 11 B s S /1) LB N (O
a,e 4={0,1,2}c % Ad(a,) 3% EAR S AEXF N7 1Y 5 )
K|, T AN B sh2f 568 7 i Xl

gi.= (4 +Ad(a,)) mod 8 (1)

pii=p" +A i) ) (2)
Hodr ) AR B R 1 RAT AR K dir() Ak i 0 1)
e S Sk 2 ) [ ) PR 2 BRI 3 il B PR B
TG ZR 80 R M S AL A B R 2 R, B
T sk A A0 s I B A A T AR Ak, AR AR
NI GE SRR s N R e oy E A N i [ B S R 7
SHBR A RS X = (pw,), Horh pie O H - 4EW)
BEARAR 5w, b FL B HlGE B e o

1.3 ESEESYNER

TETCLR A5 S B4R R vh , el ol R 2 A vy
{14 A LM REWREAE o 18 T8 AL AL Bl % I 1 22 T
TBRYBLEE B Ry d(0)= A pi —pEl , FHord A, iR
REERF -

TeAHLUBCE 7[R 25 AR AR A B o B L g 5t
SR Ui L BT OF AR i S IORAE A S, A R P () (PR
137 dBm ) IR I 5 /I8 RUBE 91 58 2 ¥ 10 %) 50 185 s A2 400
FEASI Y .

» 0 /i

i (=P —Ly—10n 1Og'°(d0 ) - IOa/.logm(fO

+w;(t)

(3)
Horp, P R SR S IR A K S T3 n R AR A AR AR H s o)
IR 5 L, NS R d A SEHERFE . [
00 7 W S RN B B R A A ow, (0~N(0,05,) R
GRS IR O S & 0=[P,.n]".
AP (x®, s, 0) R A T LR BRI BT A
TCME RS ) R g, =(z,.2,5. 2. ] WS ET
i 220 P9 i 2 WL U i) i (A% 0 B 2, % g 5 S ATB 1)
SE R UL By 2R P (0), B dBm) |, 45 58 o AALALEE
H btk A5 50 22 (A RE S50, LB B8R pR B mT A
Sk R L ST P R T R % SR BB K

4
1
p(z xlgl,suav’ 0):
tl e t 14 ,—2“ -
o 2(4)
( (Z“.—Pml.(xtg,s? 70))

exp| — 5

204

MBHL O 5 A AR H B8 1 K SR 5 5K
6 A A5 RE A BT R 2 T S P B 7 A W L AR L A B8R
B o 33X o A 10 JLART R A AR 1 S 35035 T B o5 O )
AR AR L R M | R G TR S A T Bl s [l Py B R L
v 25 [B] 3 B 18 LI % 3] A T o i — BRI 4

R T T B A B 25 O R R S S A 4 Y
BB R RS T, 4538 3 A9 IR LR FE U T S e = A A
X J8], T B IH — A UL I ) i 2, [0, 1] 4 R Sl HNZ2 1Y
il 25 ) 45 AR A L
1.4 EBEHEREBER

BT R HE B 5 WA R SR M ER b
BLIB B AT 55 A B 20 Ak Sy — A4~ w5 4E 5 43 ml I 5 7R ]
Rt i, A BERRE R x & WS N m, %
SRR 0, FE I LI F S z, )5 R ATE
AR SO AARIRES ML 5448 2 50 &
Je B oA

b=p(x¥,m,.0|z.,). (5)



GRORAEAE < T 1) A PR BE MLl 5 S U BT A HILEL BB BR 7 i 5

RS FTIL b HS A A o AR LE B ]
S 7 A4 14245 R0 P AS B 52 JEE G (0, ESS e ) 57
)2 A2 ) BEMIE . 2 MO IR B 5 0 B s R
B

R UL IV B 0 S U BT 43 B U B
5 ARSI B 1O TR L

p(x.m,. 0]z, )=p@|z,,) p(x*.m|0.z,,), (6)

WA R T MR I M FE RS & 454 B HUR 1
(O] 2,.,) T B R T UL 9 2, 2 1) 43 4
R T2 T 43 4 1 6 AL AT B s P e R
SR AS IR B p(e®,m | 0.7, ) B HEWTRE FE S DL S 505
S0 B U A A 5 7 A S0 R O 4 T
4 £ AR 2 X BB T BRSO A T S

5 A — A for B A% A
H@O)=H®B Y log(HIW), Hil 5 (r.)= 3> [ 6,46

s WL S S ol S Ak s B9 H AR E
fE& A RGO H bR i i 548 B oo s
T e » FEAT BRI [R] 25 T P9 f KAL) 22 BT 1A 4«

T-1
max,,mE”ww{ DV Rib.a, )]
=0

st. b,,,=00b,a,.z2,.,)
8§31 =finematics (81 @, )»
Horbry €0, 17 4 B [E) 37 411 P55 5 @) R 455 G b o DL
7 0 P A5 SRS I T 5 fremaies O BT
2.2 1 E I TE AHMLIE 8l 2 T B S i A RO R
BB 25 5 il R(b, a,) FH 2 505 S PR HE bR R ML A
M, R A
R(b,»a,)=R ek () Zinto AH () = Ay Prog () = Aiuen Coumn (@)
(8)
HA Ry =1 —min (1, d(0)/r . ) 85536 703G
d(t) A5 E AR PR ALY S ) BRER B ({AE I 2k By B ]
AR, 24 B /N F 3 3K AR 7 B 2R S HUAS
THULCZS 5 Aingo ~ A T A TI W AR TUALE R L. AH(1)=
H(t—-1)- H@) M5 BHE 25, A5 i AT h e AT Je 0 B AR
SRR B, U R G B sk AT S IR R LATH BRIA
TAHIENE o ooy () P A B TH BEAE S I, 2E SR AL
BAR & A0 T R A R A 5 4 ) SR D AR SR I 1Y
FOAE , A5 51 DRDUR I o3 B N A2 3 3 5 & 0 A Inl 241 i
s UG {8 &, 38 3 4 W R 40 0 8k & ol — SR
Cum (@)= 1{|Ad(a,)] > 0) R A5 4E ST, Horh 1) Jgms bk
PRI, 41 ol TS N AL B v A TG 04 e DA R B KA T B0 Y
it SRR ERUR
b AR ) R AR 1 S ST K T DU I AR - H AR

(7)

a,cA

iz 2l A DA BT ] — B B 2R ) G B, 45 R Y AR S
SRSl R e AR ARy s L T 5 5 4 s Wk Ao
5 1A 2 UR A 5 BOUL I AR EL ok 37 B ST ]
oA s A 4 2 B0 n] 0 7R L UCE BR TR YT N OR 55 o
A5 JTE AL i R AR 78 70 25 (8] 50 5 1 WL ) 51 BiE
e —HERE RS . 24 Hbrizs 3 5 B R 7 A
KBS BATAE R S R v AL S B LR P B B
To NI 2 i [ T e A i, L A TR R 20 S
553 , 7 1% R 3 P G 0 O R I A

SR, BV | 3R A 52 45 LA A2, SR i i ) R AT J2
TE o iR 5 R A 25 ) v R AT P B DR SR, T I 153 5 4%
i B E PR . — 7T, P RSSIE BRI, i 4k
1% 562 505 B RO B IR BERR &, ELHOR: 1 fk oK
N o T BUREIR AL , RGEAL NG A S B0 Fe g
BT R AR AL, A B AT BRE )T S B
RS, 55— 5 T, B3k S HOH RO 2 6] 7
BT BHT B D] K TR B R R R IR 8 < T H AR R
AE AR IBCRM I8 B W As , A0 POWL I L] B — T A A T 2
BOIR; G BB B R 4w LI 23 LU i 2 40k
S, A SR R R RE o AL, ey AR B 32 R HL
R Z PRI S I B 2R AF T T I S BRI A DRI ) 44 KO
5 PRR A RO E R PE T G , KR 1SR A 128 B ) A
HIRZ L R

2 HERMAENHEHFERNELANE

HBIRTTiE

TES R AR MBI T , T AN P 3 AT 8L
I8 A TR LI R0 14 2 ) 2 A5 A AT A T
RS £ T A RS IR B2 A B 91 RS
ORGSR AR o XA A TR SR ]
f14 5 1y BERR 5 O 2R 2R AR G A0AE G —HE SR PN 52 B
=R P E AT ER AR B AT B S AR

NI, AR SCHR Y — R RO AR5 RS TR A A
(4 5 JC AN HLE B B 5k, AR AR Gs AT 28 A P 2 B
MNo FRGRNIr N E B RO R BN BB TR =4
Bt J2 % o HL B RO JZ 38 ok 1 18] 4 1 AL 3R & g s
2538 38 SOOI 5 0 A AILAS )67 45, MR FE TR 32 19 245 il
EIDSE i e VUNEL v o R TRS R T EA A ) SN SA N
R B AR UK Bl O 0 46 e i . BB A Z 6 H
bz ] AL b LIRS R T 3 S R 5 R e
N GE— B e A5 RS, T i g R 41 T BIL o A
B S BB 5 WA, (] Ak iy e 36 )2 i o Ak B A
Bt B o LBy SRR 40 2 R SR et i = R
A R R e AR AR , bR MR AR TSN B S X i
Ve sl M HEAT RO PG 5 3l SR, R AL 19 AT 2l
VR Te ANALAY 23 (UL B, 9K 8l T — i 2 i 0 {E



6 H, + =W
RGER AR H & A
B FAIE iR .
; = e,
% N o= i SHfGIE - B0 o CBRER)
T B T SR TEY) | MR
PREEF i [9 RSSI RSSI(4ch) I A, DHDD Zy 1 WA )
L~ ) <=
X 15 — A = AT — n
B b he . IMMAVHIE:
x R OREREES,
5 !
> o O B EPRAS R 4 ) 23 AW S H(b)+ESS(w,) >,
@@%@1 st

H B AT
TR/ ) P K AR

. (A=

f FE

Rk a,

1 —
h @_ = -
> i

o + bius b,

s T L3

BSR4, MPC(top-k, 12 I 25)

<« mng |

R )

HERE

Fl2 HIE KA B B R A

Figure 2 Overall architecture of the proposed single-UAV embodied tracking method
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Figure 3 Training loss curves
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Figure 11 Visualization of a typical tracking episode
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