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Target searching in unknown environments by an unmanned aerial
vehicle based on multimodal large model inference
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Abstract: This paper proposes a navigation method for unmanned aerial vehicles (UAVs) that integrates multimodal
large model reasoning with autonomous exploration technique for tackling zero-shot target searching in unknown
environments. First, to address the difficulty of multimodal large models in directly processing 3-D data, a space—vision
inverse mapping approach is introduced. By constructing scene images with explicit 3D coordinate constraints as
inputs, the multimodal large model is endowed with the capability to simultaneously understand scene imagery and
localize key regions. Second, to overcome the poor generalization of existing target searching methods, a prompting
strategy embedding a “recognition—evaluation—transfer” logic is designed to guide the UAV in performing zero-shot
target searching across diverse scenarios. Finally, to mitigate the significant sim-to-real gap that existing methods are
currently struggling with, a geometric—semantic asynchronous gain fusion mechanism and a dynamic evaluation
strategy are incorporated into a UAV autonomous exploration framework, achieving an adaptive balance between
“spatial autonomous exploration” and semantic regularity exploitation” . Simulation results in three Gazebo
environments show that the proposed method significantly outperforms baseline approaches in terms of path length,
search time, and success rate. In addition, real-world experiments conducted in unknown outdoor environments
demonstrate the effectiveness of the proposed method on zero-shot target searching tasks.
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28, T T BARAIA; Py Oy LLM AR S
A B B AR B R 1]
FEAE BSOS AR P, B AT DL B3 2 S
Logie(P2,) = Logie(P).
Target(P,) = Thow- (16)
B OR 5 AT S 1] ()8 B 46 0 5 DS AN 3,
ISR 5 H R OC BT SO B R AR S TR E
SRS T B ARES B8 SUENS Gt R FF.
222 SEESYMEER

AR VLM A EGGZ WE B 43 s AR B
W EROIs I RE I H bR 2 15 SCHHE ; £ T IF el
T SCH I LM 23 D e 2 ot I &5 S AE [X 38
KR 3, LAHAEZ A EROIs K IHE SUIE. —
B AE (AR5 2 Ay ) AN

N TS VLM 5 LLM AN [F i (] 5 95 B F 43
(IR, AR SCR A 320 UL 4775 vE % EROT )8 L
WA AT 5 BT, FoA% 0 1B 2 K ok B AN [ B[] 1)
VLM A 5 3E 4 5 LLM X 38 3% 4 il & o HE R 18
s(e) € [0,1].

1) 4% R AL PP TR 43

75 M UL 7 vk L C/(B|S) AT F T 21 i 4
SRPE, RITELS B8 SRR S, X S B R SR
AR SCHe KA RN X I )18 VP43 13— F [—5, 5] X 4],
I AE J5 8 5 =X rhod g ROBE R B AT B — 1k, itk
W C(E|S) = 51F 3k IETEHE K32 DR — 5 [
B, FE 3R B R 293 A2 VLM H W7 24 i A B
TAAE “H AR AR S LR R I A it AL b G B 5 4
R BRI 23R4S VLM Bt p, I, AR AR AE X J) 6
AR N, (p,) 78 25 EROI 44 11— k5% IEIE 4.

U 2.1.3 T FTIR, VLM MBS Z1 ¢ (4 g 5 B A 4
L BRAS<AB AR, FFUE X, =< py, d(p,,) >; BA
p, AER, AR 4RI AT % 1Y) m 4> EROL #E &
AN, (p,) ={e,...,en}.

5K HE EROI 1) S N W46 46 &4~ EROI )
A s(e;), Ve, € E:

s(e;) =p=1/N. (17)

AR T DL 5 5 A SR C (B | S) #2 HR
Emi T FE:

Ve, € N.(p,),

s(ey) « ste) + 2EL 1 ey, am)
RN HL:
1
gC(E 1S) 1
CE]S)=b= 22— =—, (19)

T2 SEHTHLU R A A
1 1
s(e;) « (1 - E)S(ej) + Eave]’ e N.(p,). (20)

BRIV i A A 70 36 v ) m > EROIT 138 SCANME )
I 1 & T — RN,

2) ETFHE b B HIPR A 5

HENE 2 193] k A EROI X3Fr, = {ey, ..., e}
(I8 XA s(r,,) Ja 5 4 3200 DU 357 56 B R0 0, 4%
B SUE s(r,, ) TN IX (8] [-5, 0] B, XFiZr, N AT
A EROI #1 T 7 vEEAT R 26 38 25 5

B % [25(r) + 1] x

s(e,) B+ [se,) — 7] [ -

Hs(r,) € (0,5]HF, Ve, € r,:



8 ¥ # 5 x % BxH
s(e;)  s(e,) + [1— s(e,)] x Sg"). (22) ks ETE M ENR R ERR
[, 43R 2 EROI 5 SUME A& T WU 14 N BEME R = (V, E), iz, S\ k; JUAHAE
X T, BRI L), 38 S s ).
s(e;) = p, Ve, €r,. (23)

I8 30 DU 77 V5 B F EROL Hh H AR AATE )
UG NERE, R GUAE SR T A BT HE D = A X 8 &R
SR RN, AT5 £ BE o Ho A X S R HR 2=, AT 7E H
BT 1148 28 5 R 0 7 (AR 2 2 TRl LA 4 .

2.2.3  FEBARM I

FERFIIAE B ER R T, VLA N7 Eik R
A B /)N s A AR 8 e KA S5 1 2 ) S A A A
SCHR [17] HRHAE B 28 5 B AR AR [ 5 2H A 44 B
B E AT B AR B b R, AR SCEE IEFE Al B 5 TS
RAE XAME s(;), T WA Sz, /£ EROI (115
XME. ARYE T 457 Bh A e £ A % BB AR
T, A 2O FE R R FRERT 5 95 SRR
7 2 18] B & Y 4.

1) ETE AMERBIA B2

RGEHET N EERNBENER = (V, )it
TR, A SV = {z,} HEH B EEREE, W
E = {(x;, x;) } A7 pi 6] B Johil 1 26 42

2% W P DL SRR 2R I AR DX 480 oL i AT 1
A, HIRAYERE Wbl 5 1 N MR

XFT LA N BT B x, S RIE T M, &
By = f(z,,x,;). FXT R B #OE ON:

Uly) = {I(fy) s(xy), s(x,) >

1) (@) e, s(z) < v Y

Horb, I(y): BEARZ S JLRTINE S s(a,): 719 G X
Yrfe; 7 ShEBRE, 7 = k max, ey s(z;), k NS
e L(vy): Mo, B, FEARAAT A BN R AL

RISy A R GRS, H R IRTT s EE LR
FR IR G LT AR SO E IR A R B
(s(;) > 1) I, RIFZ 5 KA, He SRR
I AR BT R AR A B AR AL L0, SR EC—Fh “Traty”
SR, DALIIEEAR R 29755 fil SUMBE AL T 8 K-F I,
I LB AR K BN A B AR BUE T Tl e, il 3R
FE SR VE SCHME BRI, FHemER 42 20

el 6 Frow, RHME U B R S bk, 520
(5] w5 227 1 S B T B A BB B I 9 A5, BE
(5] o 2 ) B A A A A v 5P BRGS0 T B
BN S A = T B A BE ARk 5 md, RO
ANZFEBSRE R, AT IS 9 U SO R 28R

2) ETHARERRTRE

it R H AR 5By = f(z,, 7).
step 1: VIaRL S &
a. T S, ¢ max,, oy s(z,);
b WEBMET < k Sy
c. MU «— 0,2 + z,.
step 2: i FDijkstra®ii%, M, th&IE R EARIKY 1 i
(24, L;):
a. WWHEHBHU,(z,) < I(7) s(z,);
b. % s(z,) <7, W& 2R Ur,) «
Uy(z;) e M0 BNLU () + U,(x,);
c. &7 U(z)>U", MEFRMME: U+
U(x,),z*  z,.
step 3: % tH U0 B AR 1T a0 B HX B B ARy =
[z, x*).

® iU EAR T R S
TF i U e TR A

Elo ETEXNEMNSHEEAMATFEREE

23 BERFRIEPAT

FEWE L H bn 5 L X B BR ARy = f(w,, 27)
Ja, ZGEENIZEIR S PATHBL BT AT BRI
B A0 B AT AL, R S AR IRAT AT AT
Bz S Eh AR

B, RGUR B MR LR AR T B,
T B R AR P AL N B m] 3 1 AT PO, W PR A P
TSI AT VRS e e 120 7wl A 2o b %
AR, REEN ATHIFRENE S REERCR.

Bh i, 2 T I TR S5 10 73 S 75 40 1 1 U HE AT
ENASARE, MR TE NN i KR | 0T J3E 24 Al
B BRI A IS 8] 2 5, AT AE 5 A2 B0 77 54 2 KK i
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W

PR, RATREFE T AT R

w4, HIRZE CATIE G2 AT Z L. UIRE
BB H PR, RGEIATERK.
3 EXNESSH
3.1 fiERE

Wi 7 Fros, A SCHESE T3 5| 2 K] Gazebo 11
P& B T AR s, TR B
TTFEAEA R T 258 18 R K B REE R B H
PR 2 P RE. “F 51247 T Ubuntu 20.04 + ROS Noetic
Wi, Jo ANLEC E X H AR FEAINLS [F] I8 € A7
SR ARSI, o AHA B A&AR 55
55 b P, 7 EAE R 0 B o R 58 B LR R 5 1
N AR AR, DU AT 58 A0 I ) 5 A7 H A5 I 56 il
FRES LS. T e 35 B A I PA 45 1), (AT 550
5 B bR X382 (B AAELE ELAEEALET.

‘ 3 E 3 SRS .m;:‘ = ;‘ V :
(c) VHMFFE, 65m*47m*2m
&7 Gazebo HEH=

Yk (a): WRERFZER WiEHEER)

2 5 TR R e - A5 M E A B,
HE 73 IR FS A 5 LN o S S AR A DR ) 2
A ERR, IR I WIE D 125 5L B Y
JETL A IR A SCORIBRA DX AR, AT SE LG 0
M H ARS8 U7 1) 5 PO A 3 S AR S A
SRR i % B, AR R SR 55 A5 3
s PR 20 R A B T SR i X e

R (b): MERBFINER BEWIER)

35 T VG RGAEAFERS = N AN B AR
Bk, R EE “PHR—IPA—% 5 7 B HEFRIE IR,
HHE BT I 10 A 2250 0T BE IR X I, FRAE R R I AR
T FL B = U IR AR e 1.

Bk (o): MRBFHE (EREER)

s H TVl RS R RE B AR, 3
A8 1 S T8 B A A 7 1) S T RSV AR R D
TR W FEAR G2 2R DX 45, AT AT 56 1 ) 3 26 X 3
PLE AL T 50 B Ax. AECT BT SR YA 5, 23 5
K46 22 Ge ) F T TB0RN 4 2 AL G IR i . R
BORBE seit 450 H bR iR
32 BASSYHRE

ML TE 5 KR (VIM) £ 258 48 ] qwen3-
vl-plus 1E N5 -15 5 HEE AL, AT AHLE IS
S AT I JRCRD Vv SO R A6 A Ak 5 SR (<A R g
fidh, 18 X>), 1SR ORI S SO L VLM R H
IR T8 3R S0 I I O X BN S 6 v i A
4 10 Hz, i &N 5 Hz.

KA F B (LLM) 1 ] qwen-plus 1F 41X 35 2%
T SCHEFRASEHL, 7568 &) 30 DX 3800 SO R AT I 44
855 B AR PEVEA . LLM R F bk 25—
DX I T TR0V 1 SCBE 37 BB S BB N = 3 I i &
—RZ X LLM & ).

NARUERNE W] A7 PR S 45 22 e, LS 0 |
BIRH —8Uie 8 =28 ERRA I i K AW i Mk
FE: 2.0 rad/s; S RN DEE: 2.0 rad/s*; &K
BOREE: 1.0 m/s; S REMBEE: 2.0 m/s”; S AN
B EE: 20.0 m/s°.

3.3 fiEXH

AR B HEI TE KL B EE R J7 vk FsMp!
PL & B 4544 22 775 Star-Searcher” #4717 B4} L
FSMP J7VAA HUHL R & 17 J T30 FEAEE T RAF 10 58
W, S I A 60 34 85 1 PRI 42 J5 R %% ; Star-Searcher
JIERET R WML SRR TR IR e, —
77 THI 5 2808 73 4 SR AR RURR, o — O THTE JR i AT RS
HERAT IR, SEIRHEAE B AR DX I3 2 B

W 1 fow, £ =K01 B serh, Prid ik Ae ik
AR RN E] . Dl &5 AR K AL o) 2
(Success weighted by Path Length, SPL) J5 [f] ¥ HU 1%
ARG IR, FEAE A 7 5UREF 100% F R, 1k W]
TR ITEAER NI H AR R iz AL
PERETT TH DB

5, fE TEB AT s, BAR =R kY



hJ ~ K< N
10 = # 5 & K FXH
T4 ZRHEFR TR ERIMEREXTLL
758 WARES B KE (m) LRI (s) JRINZ (%) SPL (%)
ik 96.86+13.46 113.85£11.12 100 65.4
TH P ZEH(45 X 48 x 2m?) FSMP"” 183.95+71.54 202.48+73.51 100 37.3
Star-Searcher'”! 283.04+71.83 450.58+171.30 60 15.9
P % 38.93+3.92 49.27+3.72 100 77.4
FEFIEN (40 x 40 x 2m?) FSMP!"” 156.43+84.61 173.98+88.15 100 29.8
Star-Searcher™ 207.76+181.66 238.99+261.66 80 32.4
IRIWARES 158.14+26.99 183.50+30.56 100 38.4
FIFFFR (65 x 47 x 2m?) FSMP!™! 208.95+79.86 233.50+83.99 100 31.7
Star-Searcher™ 212.41+56.63 467.97+173.03 60 20.0
RE &R B H AR, (2 FSMP {E N BL (4 R Jn3f s 3.4 JHBERAHT

H ERZEI72, HR E bR Rt 7S 8 78 &, Bk
SR EE XAEAR Y X AT L 208 &,
AR TS (8] 225 38 0. Star-Searcher M) 5 A2 %
O] WA AR T AT P R A, AN AR 2
XPREA A5 A DR 2R T AT [ S 4 B0 4, 2
2 0 AR O] R LI 387 I SCOGTE AT, [RI
TETCRYIE b= RETUAR ®AT. M2, By
VRIE G FFBORTCE X R B A 1F RS S
B XS Se A, AF-F 35 B AR K FE > 20 50%-60%,
BRAE K LB DI FARTT 2 65.4%.

fE BT 5k, FSMP B 4ERE 100% AR
28, AH T oy AR U8 v Sy 3 N A X d ) B
P, B = N 2 )P A K C IR % ; Star-Searcher
I R 6} 22 24 Sl 0 37 T R 4 4 ik 47 “FRe T [ T
RIMAFE, IR EZE 80%. AT ik ik “=
b AT TRUX T SR AR 2 56 BUE BT M PR )
SRS, M IRAT 5 IN TR) 5 25 A, FF DR de e IR B A
KIS D)2 (77.4%).

1 TR 5 &, FSMP 5 Star-Searcher
IO T 0T R BBl TR R AT 7 2 B AR 2 Tk T, A
DA SCJZ T HE W B 22 A7 T 18 3% 1255 Yo o B X
—gE R, R A K B SRR S e TR TR BT
FETT VR R T I GRS LR R (n I iE L%
T % A g ) PR i SR T A P T G T X 3,
{5~ 251 A 5 I [B) 23 0 P AR 2 20% LA, FFEAS
& W BRI EE AU Z % (38.4%).

SR, FSMP J& T 18 X HARK H FIRZE
D732, B T R A (A AT R 2 IR R YR,
Star-Searcher Jl ffi [ %) BT A ) A4 SR T IEAT 3 Iy 207
K, B = HARPRE . M2 R, ASCRH 2
PR R RISR AL MBS R R, ST “RERE
IR (o R S, AT E =37 5t b 3 BT o
RGN

N SE BVl R G A% OB ) TR, £ PRFF A
B AR IRES IR R SR E — BRI T, &%

DA JR) P T 5 52 4% 00 A 32 00 23 B AR BT 2 7 1
(i) B PR B AR FobR 2.2.3 T TE
SHE I Eh A B AR TR TS, (iv) 2588 A HE R 1]
{40 P A AT 7 & e S M A B 1], AN B SR A 5 1
BRI A OCER A B D (v) A BR TSR Hh B P
fili: AN A LLM G i e 22 0 i) 9 T30 47 4 28
AL, AR VM B

E T 2% ) A0 i 00 e S i 2 G R T R AR B
(S, M LA RE B, D225 SOk [12] SR “WR
B A R RN 20 o BRI S e L m k. B
KO B E RN VLM 3 BB 45 1 B AR AR ¢
AR5, Bz A5 0 ¥ B 29 A0 LB 1) frontiers H, JF
T A AT BAT P 30 ek PR T AR A EE 5 v, B

S B o’ (g - 5) Bk, b O S S

I, Orow AR FIRVDN.

W 2 o, =R 5N S BB E Y R
100% FRINR, Ut B & 7512450 B 58 B H bt R i)
AHE D), VERE 72 e R EARIAE AR K FE | 1 R ]
55 SPL. KA, “BUE TR 70 xof 7 75 2 50 40
SR S IR W, R ] A= 2 AR G
AT B 2 ff — BB R A SCE AL 22, 18 o
T SR 2 ) X (R 6 B 5K 2R A T S A 37 55
th, B B O TR M PR 3 R S 2 IR A,
B D S8 SOULIN AR 5 DX HE B REDS S THE R A2
ETE.

ZERIR N R R T8 B 2R 5 L A o e
kA g Y 2, (0 HBCRAE T AR 5 rh A $L,
RSN B 2 7 850 5 LR AT, B4
B AR AR 1Y A L AT S SO - HL A T 2
Yy PRI R ACR, AR 2 SR AR 2




FxH RER F: AT EREXRAELG LANAK LI BRI & 11
RS ZEAEHRETARRRIERIL ERMEREXTEE
75 WARrS K E (m) LRI (s) FRINZ (%) SPL (%)

(i) TEERG(ITR) 96.86+13.46 113.85+11.12 100 65.4

(i) AU 2R 43 %] R 115.29+13.10 132.93+12.97 100 54.7

T8 2R (45 x 48 x 2m?) (i) B BRBh A RRARAN T 106.29+23.01 121.96+24.76 100 61.0

(iv) ST RIA R AL 117.28+32.65 137.85+31.53 100 56.0

(v) B8 BRFE IO Hh -l 139.47+48.63 161.19£50.31 100 50.4

(i) TR G (FTY) 38.93+3.92 49.2743.72 100 77.4

(i) A R 43 o) H 60.03+14.48 73.19+16.63 100 51.9

FESUZEH (40 x 40 x 2m?) (i) BB ASFRARAN T 37.82+11.05 50.91+11.51 100 83.1

(iv) G5t A Fomim ik 56.73+38.61 71.42+40.66 100 66.6

(v) B8 BRFE BT Hh P -ty 37.70+2.47 53.15+3.63 100 79.6

(i) TEHER G (FTHY) 158.14+26.99 183.50+30.56 100 38.4

(i) BE SRR 7 Xt R 265.70+177.20 295.79+186.68 100 315

TRBFEE (65 x 47 x 2m?) (iii) B RS ERAL AN Y 120.49+13.71 137.31+14.88 100 49.9

(iv) ZE M IR A AL 142.704+28.97 164.63£30.90 100 43.0

(v) B BRFF ORI B VT4l 174.74+46.97 200.69+52.83 100 363

S AT RE RS SUR ZE 18 BRSAT
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R AE SCIEAE (VLM/LLM) 538 s 3k i A 248
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S E bR A T 2 AN DU 2 B T 3R A i
DI DRI, DR 7R HE B i SR N 2 BH 2328 Bl L&)
St 208 SCH A A S SO R, RE0E
BN B F IR RTS8 55 K H AR R

®6  KIRAUEIRGITS TR

. SERIERN S-S5 ST S8 SE
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qwen-plus (LLM) iR N=3 381.4 1.1 0.35
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