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Abstract: Low-altitude perception technology aims to transform the physical space of low-altitude targets and
environments into a computable digital space, providing a foundation for the safe and organized development of
low-altitude economic activities. This paper systematically examines the current progress and challenges of
technologies such as large-scale visual perception, object detection, and environmental sensing in low-altitude
scenarios. To address these challenges, we introduce a low-altitude active perception network based on the

digital retina featuring a collaborative architecture that integrates end, edge, and cloud computing. The key
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mechanisms and methods are outlined across various aspects, including the overall network structure, cloud-

based foundation models, and end-based object and environmental perception technologies. Early applications

and experimental results confirm the effectiveness of the proposed network in enabling efficient joint perception

under bandwidth limitations.

Key words: Low-altitude perception network; Edge-cloud collaboration; Digital retina; Perception of low-

altitude targets; Perception of low-altitude environment
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Fig. 1 The digital retina-based active perception network for low-altitude airspace
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Fig. 2 The cloud-based and edge-based perception paradigms and their respective bottlenecks
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Tab. 1 Comparison of perception advantages, challenges, and existing research contributions across multiple sensor modalities
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Fig. 8 Comparison of prediction results between the PercpCast and existing methods
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Tab. 4 Comparison of open-world object detection methods on the LVIS® dataset

WiRrS CRELE:S APr APc APf AP
Grounding DINO Swin-Tiny 14.4 19.6 32.2 25.6
GenerateU Swin-Tiny 20.0 24.9 29.8 26.8

A Fr#Open-Det Swin-Tiny 21.9 25.1 30.4 27.4

5 BT AV A 2 Grounding-DIN O B7A [F]
FA I I A A MY Generate UMY

(2) BERELASTE 51 31 HAREAL

M5t € A7 (Visual Grounding, VG)E N H AL
PSS, N TR TSI 5 AL
HERHEE, WA R E RO T K8 5 8
B, MESHEER, SFERLWSCARE RS A
Fa5, Lo 04 2R A 3R DAFE ] o BF T A )
ARSCHE T PRI [ g 05 B ) s 80T i HIVGYY)
AOneRefl® o X PP 7 15352 T M0 5 SCA 1) 55
BEASXIFEREST,  AEmE M IR 46 1) W] WO (RGB) Bl
214 (Infrared, IR) G, #4810 H R TR
A (I WAL AL )R EUE HARIX
. BARth, fEHIVGHIEF, NEMM W Trans-
former HVE = AL R I ZOH R R, AR
0 2 E LN 4 R G BB R A R, fR
TR E R AR B RIAESE . X TT AR R
2 2 B IR FRIE B (Hierarchical Low-Rank Adapt-
ation, HiLoRA)MLHI, R FUIIZRAN 515 5 B 1)
IR REAH, FFAEA R BOZ EE R :

wial, Mi>j-L/G
1 !
hj = Wi+ > BiAl!, Hi<j-L/G
k=[1-G/L]
(7)

Hr, Wl e RO*RE IZTIE, Al e Rk
B} € R KRB #FERE, r < min(d, k) J9EFR
HeRE, LAMKERIZE, GRRIGHER, [1RR
) R, Sl E RS RO A K, HIVG A ZE R FF
TRVIZRAVR )[R, SEEAR 5 SCAFAE 1 387 12 2C
YL EEXRT T, ST A A AE R AE R R
) H bR E NS L .

FEOneRefJ7VEN, A —PIRR T HTHi—
FABIRM R ARB B ARNEZE . 12075 AHERSTEAR
15 (Mask Referring Modeling, MRefM), i #H )
RLBE-SCAS R FEARTE SR B AS AS AT SO 55 LR A
TN PR SR AN AL TG 5 AR5 Jad o SR
VEREEANIE 5 A SEE AL,  EAIRAERD I IR N 2
MEFFRRE, GRS 8] S ks B2 B
WAL, BE— BB T A B o ST

(3) BA5c F RIS H bR R

(S SRy R ) I AT N Y R AN = Y& g
BB, SEAM AR UTH 5 K EEE . AR
P R B 7 V25 1R FE OB AR DT I, 4 E bR R AR
BARIAR . SR S Bl Ry, S PR R
VL HC 2R 000 7= A B AR IR A« AR L5580 5 AR A
FOE PRI AR, A SCHEH T BB - SO SRR BRI 8T
76 CiteTracker™ (M1E9F7R), 1&EAIET R
X LG A ) ) SCAS - AR I 258 2 (Contrastive
Language-Image Pre-training, CLIP) 1 ¥ 5 %}
FRe7T, W B brEMG ML B8 B

RN B AR Eh A28, FRATE T T X
gl FEH, @ T E B AR RE PSR 8 A3 1]
THEMZ R D=F,,, —F, (A F, N2 H Wik
fiE, FLNPIUR S RHIE), FFilid Softmax ph A4
8 P T A

Weight=Softmax (—Deslor, = Diexture; = Dhmaterial)

T.iv= W xTsiributes (8)
H, T A A5 B SCRRHIE . %15 X5
SHLUE R Z S ST, RS mEiESE
FrRAEE M . CiteTracker A] [A] B AL FE w] L5 &
G5 SCAREHE, XFN AR EZBEAEARVCE” B “iE
N JEPERER” Ba %A, M RGE SRR
s H Ja] A% 5 A% iy 858 A7) BE AR FE R S 1 A
P, Rt ERTASEE: FR, fEiA s
WA “FE-12-E” BAr S RER AR, nT gk
— NS R MR HARERER PR T Rt
XAE.

BeAN, A R ER 7 VI R = R R T,
— H HARE RS HUE S AT R, &0 4R
HAL T S5 30K HARPRER B R, Ao — PR
H T AR R R ER T VAR Tracker™ s dE10HT8, K
FH IE SRR AR PSR A7 o] L6 B AR 1 B AR A E
E(IE 53 30) 5FSRRFAE (5197 32) o A% 0ol i FH XS AH
BLREE AT B FRARAS -

State= cos (Freal, Frode) (9)

HH, Fea N4HIWIELFFE,  Floae AT ST
g AR . 24 1E 23 3o ARBURE R T 4779 SR, )
EHAR CAEE” FEFRELIRER: R HEN “E



16 T IE S (R ) $15%
| okEfReRs BVESCAERBIR
HENEE polt T N
— ! b ¥ gl :
= || s 3 ;
CLIP | e | e | MR | :
iR e | ae | ogon | UstEJUREE )R IR - (RIE) |
»::1_J R | k| w1 :
| s X E ;
; L\ H BRSO o
; % P T | ’
> | g 1
\\\‘Blke’l‘Car’ [Dog’] - %| 2k
- ) SO B R S
VAR SS N ViT [
e HFAESEL g }
9 F T EUE 5 SO R I B BR B AE 2L Cite Tracker
Fig. 9 The proposed visual tracking framework CiteTracker
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Fig. 10 The pipeline of the proposed recoverable tracking framework Rtracker
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Tab. 5 Comparison of prediction results on the “wind speed”
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Tab. 6 Key technological framework of the low-altitude active sensing network
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Fig. 11 Comparison of different schemes under varying bandwidths
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Fig. 12 Communication overhead of the “three flows” with varying bandwidths
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Tab. 7 Comparison of different object perception schemes in a simulated environment

T RS S G SR R Z(])  MEWRZE (m)  RRZEm) =4k HARENREZ(AP)

YOLO-6D RGB-only (H15%) 26.47 7.21 0.43 11.78
YOLO-6D IR-only () 24.15 6.83 0.41 12.26
YOLO-6D P (Late Fusion) 22.73 5.95 0.40 13.89
Center-based RGB-only (H454) 21.65 6.48 0.42 13.07
Center-based IR-only (FARF) 19.29 5.76 0.40 14.64
Center-based WA (Late Fusion) 17.84 4.92 0.39 17.38

A SO R IR R I 7 JUfS 51 SR AERL & 10.57 3.64 0.35 26.72
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Fig. 13 Visual comparison of low-altitude small target perception performance with varying meteorological and illumination conditions
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