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Abstract: With the rapid expansion of the low-altitude economy, accompanied by the increasing maturity of intelligent
unmanned systems, unmanned aerial vehicles (UAVs) are gradually transforming from traditional remotely controlled fly-
ing platforms into autonomous aerial agents that are fully capable of perception, reasoning, and decision-making. Among
the various sensing modalities available to UAVs, visual perception plays a central role in acquiring environmental informa-
tion and enabling high-level situational awareness. Hence, visual understanding capability can directly determine the intel-
ligence level and operational autonomy of UAV systems. In recent years, the emergence of visual foundation models,
vision-language models, and multimodal large language models (LLMs) has significantly influenced the technical paradigm

of UAV visual understanding. As a result, this paradigm shift has provided new opportunities for enabling UAV systems to
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operate effectively in complex and open environments in which perception, reasoning, and decision making must be tightly
coupled. To clarify this emerging research landscape, this paper introduces a capability-oriented analytical framework that
organizes UAV visual understanding into three hierarchical levels: basic perception, semantic reasoning, and decision
planning. This framework serves as the conceptual backbone of the survey and allows recent studies to be examined from a
systematic capability-evolution standpoint. Specifically, from the task perspective, we construct a comprehensive tax-
onomy of UAV visual understanding tasks that includes four major categories: 1) basic object perception, 2) event seman-
tic analysis, 3) spatial environment understanding, and 4) flight decision-making. Within this taxonomy, representative
tasks (i. e., object detection, target tracking, human action recognition, visual question answering, spatial reasoning,
navigation, and autonomous flight control) are analyzed in a unified manner. At the same time, this paper summarizes sev-
eral fundamental challenges that arise in aerial visual perception. These challenges include significant scale variations
caused by high-altitude viewpoints, long-range observations that lead to small object representations, complex backgrounds
with strong visual clutter, and dynamic environmental changes that require robust temporal reasoning. From the technical
perspective, this paper reviews the methodological evolution that underlies the development of UAV visual understanding
models. Early approaches were largely based on conventional deep learning architectures that focused on supervised visual
perception tasks. Then, subsequent advances in visual foundation models significantly improved representation learning by
leveraging large-scale pretraining and open-vocabulary multimodal alignment. More recently, LLMs and multimodal LLMs
have introduced powerful reasoning capabilities and cross-modal interaction mechanisms that allow UAV systems to inter-
pret visual observations along with natural language instructions and contextual knowledge. Building upon these develop-
ments, embodied vision-language-action models have begun to connect perceptions with action generation, thus enabling
UAVs to perform complex task planning and interactive decision making in real-world environments. From the capability
perspective, this paper further examines how large visual understanding models enhance UAV intelligence across three
dimensions: 1) visual perception enhancement, where large models improve robustness in open-vocabulary recognition,
small-object detection, and fine-grained visual understanding; 2) vision-language reasoning, where multimodal models
facilitate complex reasoning processes such as spatial relation reasoning, event interpretation, and cross-modal knowledge
integration; and 3) visual decision planning, where embodied multimodal models enable UAVs to translate perception and
reasoning outcomes into actionable flight strategies, mission planning procedures, and adaptive control policies. Addition-
ally, representative UAV visual datasets and benchmarks that support the development and assessment of large multimodal
models for visual understanding are summarized in this work. Particular attention is given to the evolution of evaluation pro-
tocols. Traditional benchmarks often measure performance in narrowly defined tasks, such as detection or classification.
However, recent research has increasingly emphasized capability-oriented evaluation frameworks that assess broader com-
petencies, namely reasoning ability, cross-task generalization, and decision support. This transition reflects a broader shift
in the field toward evaluating integrated visual intelligence rather than isolated perception performance. Finally, this work
discusses several promising research directions that may shape the future development of UAV visual understanding sys-
tems. These include the construction of general-purpose visual foundation models tailored for aerial scenarios, the advance-
ment of embodied UAV intelligence through vision-language-action integration, the development of real-time reasoning
techniques and lightweight deployment strategies suitable for resource-constrained aerial platforms, and the establishment
of safety-aware, trustworthy, and privacy-preserving UAV perception systems.
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Overall framework of the paper
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SIS S 5 B4 T RS A, HA ARG
F R E R LA N MR AL SR, T AL SR
FR) AL 5 3 B T I 22 TRk R . 1 e, AR AR 5k
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(2025) 48 H , T& AHUL AT 55 £ il 40 £ 228 Ak AR
JEARA 3 6 PR 25 4 B 2 0 N PR B IR 5 p S R R
A MEBE
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Fig. 2 Development timeline of VFMs, LLMs, MLLMs and VLA models
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ANA), BLIP ZE TR 2R Be g | A AR a2 2] B, fift
HR Y RE A JHE AT B0 52 24 ) PRI ik A JS R s ) 25
SRS o XM A ﬁﬁzﬁif%@:ﬁ@%/}“ 3
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7 L AIME R AT HP 7T

24T AY Open VLA (Kim 45, 2024b ) 2545 il 2% 18
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Table 2 Comparison of large multimodal models for UAYV visual understanding
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Fig. 3 Representative advancements on UAV visual perception enhancement with large models
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3.3.2 HIRAS ALK

EEL W= PSR, T AREFES
FAAETE SCRMINE , HICAMUE S5 3 W A S B G |
225 AR MBS A5, SRR R TE XE LU O 5

FUUREEE o A By X3k — kA, Chen %6 A (2023) 75 U JiE
TG T T 5 AT TR B SRR 2%, X
FH P 46 4 BEAT 1R SCEE AL 5 1) Hong %5 A (2024) 4
B — [ SCASHE A e LA 55 2 2% ) I B8 SE 0, a5



$31%5 /598 /2026 £9 A

REE, BRE, THEM, KET
H @ AL SN TIBMRAEIHFRHERE

AZBEAR, AP 456 U S5 ORI 151 5,
AT LA 50T B 1 SCIBE S, (8 e AR TE TR R g5 v
i TR R A SO () AR RE . B XHE A1
S8R PR Bk, Fang 55 A (2026) #2 H 9 MINT
(minimal information neuro-symbolic tree ) HL il NI 41
BT S5 R0y T A Ak X S8 Bl ) A SR A
BUR A IR/IMESE BATROEBRIE S A AR BE 1 1)
BRI 2 ) 24 T8 A HIL AR 07 A 55 — RS, Ay
I, Liu %8 A\ (2024¢) 19 NavAgent i 5 22 K13 31§ i
BSR4 S E RS S AR A G
Ty, DASR T 52 2% I Tl PR 5% rh 410 B E B 11 DG i g
J1o Gao%E N (2024) & T —Fhifs L —HhFh—f &

FAE W 548 MM 8 SRS B 2L b IE] I
SIS EIE BIHAR MG B . XTI S
VI R B AR 25 B 0 7 B T LLM 78 sh 7B B
(2 (AR AR ) , 76 5 22 U 55 Hh I L R K R
M TG k. 5 Z AR, Zhang 55 N (2024b) 12
HH 4 NaVid B8R gE— 25 3E W, (G 1 M3 o H 3R
SR I REATG , TC 75 Hh ] 3 B AR S, BT S 8
AT L 38 B S 1) 12 32 A S SRR AR L 28 5 A 32
LI 7 TR R AR 3B T A% IR M Pl R ) R IR 25
F AR UL, M58 {5 IR HE ARSI Z S5, AR E A
8 BB R T IR Bl A A HE R T 2 [A] R AE T
23 I 3 R SR SR BE T

FARATSR

Mission Status and
specification clarification

B s S —————
AeroAgent (Zhao %, 2023)

ASMA (Sanyal Fll Roy, 2025)

Zhong 5\ (2024)

Object Info
‘ACoffee

SPINE

aaaaaa

SPINE (Ravichandran Z§, 2025)

Spatial Perception

|||||||

Gbject-Centric3D | 3D U '
Dynamic Semantic Map | Map Exploration |Reward Pre
‘ Advice J>6r

‘Attraction-driven Object Estimation ~
Denoising| 1,y i ( Advice
*>,| Non- 2
@ Most Attractive
Point
1 3D CognitiveMap ______ Updatedby Steps | | Ciystering

Drone Library
le———

. Task Command _D—

— | LLM

(GPT35i,
1 PengCheng-Mind)
H

Drone Constraints

Human Certification

Drones
aQn oo
SO D

(ISSAC Sim)

Certified Code

TPML (Cui %, 2024)

II. CLIPSwarm
1. Input: Single A. Prompt B. Formation Optimization
Word in natural enrichment (Y= oo oo s —m oo
- 1 - ]
‘@) Initiolization, | Evaluation - b) Update
Color i Image Explore |
e | generation L. Random |
“Leaf” t Random | 7o o == e,
= clip Exploit -
Prompt 0 Fll covert i
engineering Predefined i — '
4 green I Select best Alter 7.
Leaf shape” B ; 4 M

ClipSwarm (Pueyo 2§, 2024)

AutoHMA-LLM (Yang %, 2025b)

K6 T RABEI I AL SE B SFALI ) AR PR T 2 (22)

Fig. 6 Representative advancements on UAV vision decision-making and planning with large models (continued)
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TIEBA A S A AL, FLA Z 31K 5 83. 8% 4 T
i) fb 22 o NHLER T8 A5 B MR 55 RO RE L Pueyo 35 A
(2024) 1| H CLIP AR SCARH A 5 B AL 12 1
FOARRLEE , S B T N F AR & iR B e 1A IS 3
T8O 1 B EWLT . BEXE SRR R SR BT AZ BRER
B R B AR 55 08 BE HE T, Yang 55 A (2025b) £2 1 19
AutoHMA-LLM (autonomous heterogeneous multi-
agent systems with large language model ) HEZL R FH 2= iy
Hh R 2 5 1A ORISR (R TR 28 TERf
155 SEUER AR A R KB T T 46%.
3.4 INEE

AR5 I BT T IR GETEAN 08 /2%
IR T SCHEBRRE ) DL K AT 55 D SR R0 45 5 T Y
LRERETT o A Rl R MUATHLE — i F R R
AR % 52 BT IO B I 25 48092 Ak , ik RE RS 15
Bt h AT 2000 S B S AS R SE R T, R
T NHLIAT o JZ AT 55 S A3 B L e ) DR 3 S
SR, A WF AT T A P B — BE 4R 2T,
FLIE T 0] 52 2% 4%: 55 (0 50— i S5 4 A 44T A Ry i
— B RR . WA, R TE B & ERY AT
T e S AR 45 T T 52 BR A S PR Rl il SRR A5
TEGE— P oe PRAFAE 2R R i A HEBE AL DL S B B
AE P SRR S5 0 T 7 — 20 S, AHE S TE AL R 58
[ B e K B RE AR

4 FTANAREBEFBYEESITEUNEE

Te NHLALTE 2 G 1E 28 3 A% G L5 R 1) H £
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BREMA A IE . TR — R b, B A AR
55 B GV R A 45 OGBSI o B e
BRI RE ) B —AE 55 UNE M i 21 2 RS i S
R, TE LA 58 B0 B 1 F A B TR Y
—RBERRE | B 1 e — iR E — RS RS
FRMECS S XSE . Wi WERE RS 2
Yt 5 2 BSAR BB A R T B0 RE S Sz s
RIZEG RE T RPN M8, E 1k #E 3h TC A LA 5 B
AT 5 A0 FEE LA
4.1 TANARESHIEE

PEAFA , TEAHUAL AT 55 B30 4 12 A A1 531 |
PR ZSR TE B W 18 8 D T TR | AT A A
AR S o X — 8 e AN A B A R P -
PR, AR G A A RS i iE ST bR
T TR RE S X 52 437 5 EA 7 BE R 2 R I LA

TEFERE A B8 SR 55 07 1T, RS AR 1 8030
H AR A I 5 3 FIAE 55 $ fit T 5 250 4% . VisDrone
(Zhu %% ,2022) F1 UAVDT (UAV detection and track-
ing) (Du %, 2018 ) 4 28 SUBHE 4R 0 o AL 38 535
(& R BEAE 1 B BEAEA (H X B A R 2 E A
oK 55, B = 5 11 AE B S FF . SynDrone
(Rizzoli 45, 2023) F & MR B A LY 7. 2 TT B
PAREFEA, S TC AL 5T AR 5 43 HI0F 58 3
BET R BTN SRR . SR, T A U S LS
L0137 5% Z TR AAAE WY I ) 40 A I % | ik T LS BR A
KA EAE EE A ME . AirFisheye (Jai-
sawal 45 , 2024 ) 1 [ 38 17 52 2 PR B A el A 42, ad ot
A fa AR AR AL 3RO 5 LA K LiDAR (light detection
and ranging) 5 2 AL AR AUl , W& ST TR A
W s WL A1 -5 2 2O B R T IR AE

T8 5 R R Y 28 87 5 AT 55 b, Bd RS
SR AT AN BRI R R o 28 S B AR A
41 xView (Lam 55 , 2018) F1 DOTA (dataset for object
detection in aerial images ) (Xia 55,2018 ) BE5E | KA
RSN RSB ) St , B AR B T RO T bR S
B HITFORE S B g 5z AL e AR A IR . T
RS5M (Zhang %5 , 2024 ) S 55 48 45 19 H B, b 75 32 Ja%
W5 B T T A R P& SO0 5F BB e,
RSSM {4 45 38 28 ) FH T A5 780 Ay i 4 28 44
Bl A SR A T T G SR Hdk , AT
B IGRAIE HAS HY AE R JER ) FAE A 3 T
AEJT. Gong 2% A (2026) MBI — 2 #1475 32

5 38k 57 5 (19 RSDG R, i aod i B JRURRS 32 A S
ey A i SRR A, Ay o SR i S B 11432 fL e
TG TR T R GEHEZL

WA TC AL 5 B AIE 5 32 T DA i 2 ) e
AT, H AR IR EE 517 R SRR SR AR 55
WIF IR A 2 RZSTE UG B o 7R NZRAT PR 5
i, UAV-Human (Li 55,2021 4241t T 5 119 >3
6.7 T HZ KIS TG TS R R IR
il AR A T B AL BT SR it T RO BRI
TNL2K (tracking by natural language 2k) (Wang % ,
2021) i 51 AR F AR E F HARERES , iR
RUT ZH H R AIEAR e ik LR A5 185G &, AT 42
Tb T BB AT 55 0 15 SO BE ) . WebUAV-3M
(Zhang % ,2023a) f9 5 T A J7 B | i
T RS SCAS T A5 R,y 22 R B 5 AU
PR PR TR AR AL . TR ST R T K
TUXE AR P s/ 23800022 ) 1 34 A9 v 1 L
e i BR R AR EME . I, Li AN (2024) 42 HY 1Y
UAVNLT (UAV-view natural language-guided track-
ing) FEVETE 5 | A AIRLEE Y FARTE F R TE A RS
il T ARARL E AR TP 2R B 1 kS il R, (i ER ER AT
SR T AHIZHRES) o B Ry e )2 o SO
i CapERA (Bashmal 45,2023 ) 7€ ERA (event recog-
nition in aerial videos) (Mou 55 , 2020) % 3 5 2 {1l
WY BER L 51T ZI0RLE B SRS IR, R0
AT B PR 2K S AR 2 B e 1) i S T A < A R
Zhang %5 A (2026) # it 1 Traffic-VQA (UAV traffic
visual question answering ) Z i 45 61 5 24 130 J7 4 7]
X, BORBRUA B A A 58 BOABE ), L RENS
S5 S AL A U FEA T HE R

BEXPLE SRR AT 55, AR LI 0 LR B 4
PR AT A G T G T B R R (E 5 AR S
ST A RARAFTE B R0 A 4% o I, Lee
4 N (2025) #E H 19 CityNav B0 42 5 55 17 R &
SR T DX, IR EER A RE AR B AR bR 5 H AR Z 18] AY
B E LR Gao S5 N (2025a) FF & ) OpenFly *F-
£, I 3D i A IR AR S L S 37 55 3 R UL P
F e o L, Ol R AA L 1 5 AT 55 42
7 1007 & i KAT L . gt — B R Tt
BRI HERLRE 7 , Cai 55 A (2026) 4 & 1 2T EL S0
A AR 4G A A A TS A HIL VLN e o £ 40 4R
AirNav, HA54 A SR 24 HL o2 e i 85 5 i, i i
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454 W B O 5 s AR O DR 42 T BB BE iz Ak
fEds.
4.2 T ANMRENAEHREE

JO7 P J2 500 B A S U e S e JE AL e
ARAESEBRY 5 h I 55K B T HoAR 1) SR AR
FEIIEEAL TR T T VA B TS gl W e
EINNSADPSEEE HIIE S T

TEWCTR S B By s Al R
SE TR AT 0 BAR O 517 R 40 0. i,
TrafficNight (Zhang 4% ,2024a) i o FlA T o 5 4L
SR A RCTR AN T IAT K AR AR A AN g ' R
ST EBEALWME, Eesaar %5 A (2025) |44 &
T TR T R () 28 ORI 4R | 3 R
RAHY 25 A M A i A 2, R IR T 1 2 0%
St AR

T T 5 A0l a8 AG AT 55 v, B 2 B n O v 4
$rE H AR S, #4n, InsPLAD (power line asset
inspection dataset and benchmark ) (Silva %%, 2023) £
Xof H A AT 55 R 1A 24 3 T A SR H g
AR R SRR A 2R R IR,
A shias RGBTSR I 1 B BRI R . TR
WAL B33, Avo-AirDB (avocado UAV database) (EL
Amraoui 55 , 2022 ) 38 13 155 43 HE 3 M BRI i AL
VEY) e FEIR A ; WEED-2C (Tetila 55 , 2024 ) T4} %o
K& A e FER ] R R, s 1 A s S R e Rk A=
PRI T

TER F I a5 R 55 B e
5 R 3 e L SE PR I R ME B P 5 e R S
SARsearchVL(Chen 55 ,2025) T [i1] #8 R 37 5t 44 2 40
B R B L T 4 G 1 R ARG R R L
DX R S A 24 R R i U ST RE 1 5 B BRI
fE J1 . ZEUHL, CityAVOS (city aerial visual object
search) (Ji %5 ,2026) FZH T AWML R
FEWCTT A R AT H AR R SRR I e, o
OHEPRAF ST AL T B A K AL T I
FloodNet (Rahnemoonfar % ,2021) = E L5 5 375
(4 1 3 BRSBTS
Tl BB LR o 7R 45 =R T8 AT, MOCO (military
objects in real combat) (Pan 5% ,2024) $& i T 72 = [&]
BT E T 55, A AR A SCA R R B TE N
DIRREGHE R ISR (s DI IR RP S S &R ) D &
B KIE ST T A B R

4.3 FTANMEEFEE N TFMERREER

B % T AL Z G52 ) 2L B8 ge R R e
1R G T B — AT 55 MERA R A PN Oy =X M LA 4 1 i
WL 5 B KRR 25 B RE T . WFRE R TR A%
TN rp, KRR G BE S 405 B IR
B DL R A (A AN A ), PRI, A A
I BT N S 10 255 IR 2R o

TSSO P A I R
EREARZALRE 1. 5 E IS AN, T AL
FE LSRR R 2 R WA ) H bR ek % R R
o PEI RIS R SR PR AL AE 43 AT A e b i 28
[ HE 5 4 55 R B T, AN G TR 2 R 2

HR g A R A (8] B — BOPE PF O 48 A o
Zhang 55 N\ (2024b) 45ty , LAV H 206 AR IE S
RAFEAL N S B RATHE D RE T, X R
DA 225 | B —HE B —77 8 1 P R A . T 7E
SpatialSky-Bench (Zhang 55 , 2025) H (1) -] 45 2R 36
B, B i e S0 1 9 2 S RO, e TC AP A
(AR I e A T M B e Ak A B b A R
IR, B et CAE MU LA B A% 1 0 W R BB . X
Fofr s TR0 B4 Jmy B 1 — 251 24 T JC AHLTE = 43R
N sk SRRSO . HERE— SR RIS
B v SEPE I, UAV-CodeAgents (Sautenkov 55 ,
2025b) JE N T RERLELIE SCH ARG EIG R AL bR BE
JIXF Y RAT BT I T

ULAL , 48 A A ) — S 5 2 Rt 2 R A
IR BEFE B A ZFE PR . Yao % A (2025a) #2111
TEDUAE SR 1 UCE ST B — i B — S — R k) ) 2
PR VTAG P, 5 8030 2o L B JEL 2k B AL ] 4 e A
YR P R 3% B AT A WL L o Ferrag 5 A
(2025) 4 i1 i UAVBench Zs 250 0 T B2 4 5
PRIR LT PSR VEAS 3 2 BT A TR € AT
st MR A T 6 OIS 2 iR & 2 L) 3

B %5 TC AL 5 Ge % 0 & B S i 4 I, S
HEFERE ) 5 0] SEPE W IR AR . AUk, i
ARSI ST T 6 PR R 22 IS 0 2 Ak 5 8 20500 B
A ALFE ML BT AL AR AR AL HRZE IR D S8
FR R (Lee 25,2025 ; Wang 25, 2025) % )7 ¥s , LIAE
PRE RS0 A7 B 7 104 [ s B IR AL B 0 2 s o)
W, SlimYOLOv3(Zhang %, 2019 ) 18 i 3 18 87k %
REAR I 25 2805 1150 i, S B2 30T A A RS JEE 1Y
[ o AR A B R S SRR A A B
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U I A BT AL 5 R A I S5 4, ST R R 1
A H AR A8 I fE (Bellec, 2026) . Yao %5 A (2025h)
WIS I FHRZEE TIN5 % UAV HERR DA
3 R ORI 1 SRR RS F /MR (LA
ZeiAn g s rh R B R RIS B o Sabaghian 55 A
(2025) 3#F— 20K S5 10 B R 5 38 18 28 IG5 0 L
FREAR TR A GO B L SE SRS
WAk, — S0 B 558 Gk A A i — 30— = P ) 2R A
(Yang % ,2025b; Yuan %5, 2024) , ¥R HEIR (1) H ARk
D) 3k e 5 B AT 55 &R 8 AL , 1 SO
Z WU B i T St 31 A, i R 24 AT 55
TR 5 ARSI A 3 U] B 2 0 5 1, DA T R 496 )2 1
ST E SRR S AP R . AR Z |, Zhao AN
Lin(2025) A RIFFE 3 W, 1S R0 AE 7 25 oy (14) 41 L G0E 53R L
FLDR e T RE R4 N, PRI, DA 250 4 A A
PR AR FR) TR AR T AT i O E IR SR AR o

A T MU 5 BRI Z08 LATE T 1FAG
KB Sy, NI Bz Ak 25 [l B 45 4 B LA
KRR A 2 YE B R AR R . AT
AU 58 PR AP IAR R 0 H AR, S J2 A ST A
Pl — A AR A LS A BT UL R L KA T
B —FPER i . 1 Embodied City (Gao 55, 2024)
A R EUBADLF 45 0 B, SRy X R AE 7 I A8 T
%4 HOn] A R AR A BT MO BE S e B
fife )28 RS AT S5 R A 2 A X TR AN
BEARUEAT 25 B VAL o S8 2 DABE 7 kvl G 17 I 44
F KB S T AN R g A EIAN S A
BRRE T MR A T — AR 2 a1 5 T i
BEVER TC LR S8 e 55 PPAG A

5 & &

bEE TC AL AR5 AN TR RERI VR B Rl &, I3
PRI IE 28 IRR S AT 55 9K 3 14 Jy i A v i 1
HEE REUR S ) 4R R B A TR 2 AR 8 . AR SCR
i T I AMLIZ ST A B AR DR A TR ) BF 5T
JE ARV T H A KERI BN | v SCHfE B2 e e L A0 14 4
HESRMRARRAS . WL SEBRAR BN TE AN THEAL B¢
DE R G SR FRVE S At T 4y R o R B )= 0
M A 5 AL S LRl AT 5 A S, o A LSS B
ERNGE UV OIS eE RSN S ANy
TAEARSE M AL PR B A3 A RE T -5 AR AG I AR

JEE s FE i SCHERRZ 1, RTH 5 AL S RS KA A Y
G T T IC AL A A B0 TR B 22 1 G
ESEH MR PN SN DARE RS %5 d )T
i S AT S — R A IEAE T R T AN AL
B, ST 2 A BIRZ AT R B B R
5, HE B I AL Sl I ) [ 32 BB R RE AR
AL R R R RE O AL B BRIV T, B
PR A T B ER S P R BRI 1
AN 7 R AR -

DA IC ML 5l LS B . SR
LR 22 5 T IR 9 P SR I 2, S AHA AL BE
TER A G5 /N EL bR 53 A DA K 25 1) R IR 5 THI A
TEWT IR 25 57, IXAE SR 371 FR R B A /I F RS TR R A
HEEZ RN AR . AT LRSI
55 RS R MU IR 4 | BIF A2 T 1) 2 35
5 0 JC AL HIA 58 SR AR R i 8 AHLRE A 1
TFICHARSE T EAT B AT 55 3 B P REAHE R, O T i
T NALIE B AR T AT o [R5 4 75 3 B K W]
T IC ML SE AT i 17 BATE 5548 b, 48— P
JEA 2 () A S S 0 £ B VT A 2R A
HESH BRI BE ) K JiE B4 S SRRl Bt

2)LBME G TN BE S AR . A 28
AR B IR B A B (0T SCHRRRE ), (H A BEAS
R ERE AT R Z AT A7 AR L—Bh PRI .
VLA RN R 5 — iR 1L 18 B9 07 1wl , H
Unn e S 25 PR5E S BRARAE AT 8 0 DA P A o 47 2 56
SEPRAL . AR Z D RRIE S WS /AT
Mg 2] B R SOWRIS TEAALE Ty~ B
AT VA L 2 A YRR HEA T R BE R, AT
SSRGS AR S AT RE D o IR
TEZ TR GE b 75 2 il A5 B 50
[7] e 5% 7] L, e o 22 8 RE AR~ ~) 5 4 55 20 g Lt 42
THIENHUEER R R BE 7, AT 52 B0 52 2 #1355 v )
Al 2R | Dl R A S R A TR R

3) SR SRR E R . APt
BV 5 BB IR A2 BRSO R B T3 i 2 ) A
TEREZETIE . S CA TAEE L 2% 3 AL KR
AL IR ZRR M SRR RO A Ok — i TR
R TR R S (X 25 3 22 A o T R T
JET B , 1 A DA ZR G2 T A Dl SRR — B — 42
1l PATEA H ) R SiE SRR DR E IR A RO S
B R4 Al 2R LA 2 0 LoRA 552 it AL UM 4L

3191



3192

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

Vol. 31,No. 9, Sep. 2026

A PE A S 0 4 BRSE IR, A R A B R AR AR T 56
PASE R i AR BE & R mdos T [,
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LA, AR 2 e 4 1] 2R G o [l DAL 5 A2, DAt 5
BT S B S A o i SR e DRAIESE I Y ]

i 24 25 v O AL B AR R 0, AT S B 44T 55 1)
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AR ] 5 1] R 22 4 BEURR B 0 25 A 55 P HoA BLROX
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