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Abstract

In outdoor emergency scenarios such as mountain search and rescue operations, earthquake re-
sponse, and flood mitigation, drones equipped with infrared imaging devices can perform large-
scale inspection tasks under all weather conditions. However, multiple interference factors—in-
cluding flight vibration, attenuation of long-distance imaging signals, water mist or dust, vegetation
obscuration, and field noise—can lead to reduced clarity of infrared images and weakened detec-
tion of human thermal signatures at long distances, thereby significantly increasing the risk of
missed detection in search and rescue operations. To address three major engineering challenges—
loss of detail in low-resolution outdoor infrared images, limited onboard computational power of
drones, and weak generalization capabilities under complex operating conditions—this paper con-
ducts specialized research on algorithm optimization. The study constructs a multi-level composite
degradation model that incorporates atmospheric transmission, water mist scattering, and vegeta-
tion obscuration; analyzes the mathematical mechanisms underlying three technical approaches-
traditional filtering, lightweight universal networks, and multimodal fusion-based reconstruction;
and integrates deep separable convolutions, a multi-scale thermal source attention mechanism, and
a pixel-gradient joint edge loss function to design a lightweight infrared super-resolution network
tailored for airborne platforms. Through the construction of two composite degradation datasets
for outdoor environments, this study employs multi-dimensional evaluation metrics-including
PSNR, SSIM, and inference time-to conduct comprehensive comparative analyses of the proposed
algorithms and module ablation experiments; furthermore, field validation tests are performed us-
ing sandbox simulations, outdoor drone aerial photography, and ARM-based embedded airborne
hardware. Experimental results demonstrate that the network achieves a PSNR of 36.10 dB and an
SSIM of 0.9680 for image reconstruction under basic degradation scenarios; even under composite
severe operating conditions, the PSNR remains at 34.07 dB, with superior accuracy stability com-
pared to all benchmark algorithms; the onboard equipment requires only 86 ms for single-frame
inference, meeting the quick processing requirements of UAVs.
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Figure 1. Schematic diagram of a lightweight infrared image super-resolution recon-
struction method
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Figure 2. Overall block diagram of the lightweight multi-attention super-resolution model
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Figure 3. Overall network workflow diagram
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Table 1. Key parameter table of compliance model

1. FAREXREESHR

SEYIS s SRS SR B 5 5 A B
BRI % K oon R [5,13], BENLATE. Rz sz B TE AN AT L3
TRFER AL s s=4 IE 52 4 fi5 88 9 HHE S
T n, briE% o, €[5,20], IE&MH AELHDL B 2 g P
ik g n, WA % 2 p €[0.01,0.08] AN ER R T
KRABHER T, = HIRAH « €[0.05,0.25] AELADLIZE B Y KSR B
KEMRAES  G(xy) F i % BE B €[0.1,0.4] PRI S AR T I R

TR Mo BEHLAKUN A HERE, SRS EE 0~35%  BURIAR . MEAR RS A A HA U8

T IR N AR AR LR X SN URAE S HL, AR R S JORA R . SERIB LA DR FIZ S BEM .
Hrm s . KRR L 4 f5RORAE RERAUE H iR &

WU AN B S 6 S8 Se s MR ARM 424 RK3588 # A KR CPU: 4 x A76
+4 x A55, #3, NPU 5. /7 6TOPS; £ 4i¥£15: Linux-Ubuntu22.04, PyTorch2.1, #74 # 28 5% ] ONNX Runtime.

HEFRA N> 6 AR PR AT A NS 320 x 256 i B E 40 918 1280 x 1024 BAMTHEFRFERT
i35 9% NPU &4k, CPU + NPU JRAHEFA LN R o 25 5 M F2 00 R4 s G 32, kG
£ SR HE R ZE T

3.1.2. MFEELSiRE

Gi— B EUGBORREECN 4 15, SRR RFERE R RE— 8. B VIAXT LT £

TR s R IRAGE (G o AR SR 2R TR 71555

Ti% 2 ZRUEMBLS] FUERGE  Hr(fe R LA BUR G 507 2):

77 % 3: FSRCNN %25 4438 F 8 73 7 4 5

Ji % 4: LTSR-B2 2 J NG 73 N 28 (1T 17) T AHLEL A A UG i 2 24k SOTA #AY, R 2 RSN
RARSL I B EE, ERCIAGREITEE) [12]

T S5: AR RGP 4

SRIVEN - N EMERR . BRBENIAR I RYEE: Eifabrfl & PSNR. SSIM. 8IS 4 a
FPS; EWUWLMNAZ Co PPl FE bR e T2 BH B 55 /N AR AR BRIG TS . 15 e B Ae 7o« FA5 N 30 L S 2
TRE R

DOI: 10.12677/aam.2026.159382 166 I3RS


https://doi.org/10.12677/aam.2026.159382

ik %

3.1.3. BXSs¥RE

Z U IRLE S8 JEEE FEARE S ([3,5,7,9], TIRIENI R %o =0.1: K Sobel BAEZEH 7115
MR, BEN TR, E#5E5] N\ CLAHE H&E N B 7 B8 . SR8 A UG L

TRPE 2 2] A LU AL (FSRCNNL LTSR ASCHEADISIR A 5e 4 — I AR E . RGO EN 4,
SRR VRERY, RER SRR RS BAETRE 1=0.2 5 LA Adam, WIERE)E 1
x 107, RIZIBKFER, BatchSize =16, JIZFER 30 58, MHA R G RIGELIGHER, R B
P ENFINLR, PRUEXTEE A

IZRI BER R S 45 6 0 e B0 38 0 s, BEALS INA SCE SR AR R R (1 KAk K %5 fE
WIS, YRR R, BRNSGEY .

3.1.4. BEIRRMiEER

AR B A B2 TR AR(PSNR L SSIM). 2L 48R (Z% & . FLOPs. #EXEMiZE FPS) K1Y
Wi &, el o i o7 -5 0L S R oK

(1) B 5 Mk PSNR(dB)

EUEEEGS EEERENKERE, B R BN, HE A

MAX?
PSNR =101 —L ’
Ogl‘)[ MSE J v
1 CoN s A2
MSE = HXWzi,j(IHR (Z’J)_IHR (l’j)) 1o

MAX, NEGE KK AL, 1 NEEAIMNEG,; WEI7 T A2 EE4 E PSNR % KT 36 dB.

(2) EHFLLE SSIM

MBEIME . T 78, W5 22 =AY B AT UG ARRC IR . SOHIE R e SR AL, HUEIX A [0,1], HufE
FRIEIT 1 AR IRFE -

(21,1, +C)) (20, +C))
(,uf +,u; +C1)(O'f +O'j +C2)

NF u MGEEBME, o MEETZE, C - CNEHINL, %ISR0,

() BEUHTEER

O HMSHE: NELEHTIASHEE, BERERNNNAT G H;

@ FLOPs: ¥ riiaHa, RALFMIEHGHER T H T8

@) FPS: AL EGMIEL, H FPS = 1000/5 i FERT (ms) T4, To ANLSER b2 AR 5K FPS
>10.

3.2. ERNREZBRILL

ME 4 51 5 EREIRW LR, Wl 4. [ 5(0) a0 = U DOE & Rl E SR BOR,
AR RS EER T, RIS SBEROCFEE IR, iR B 8SN NARIIRA G E R, RS
TSROy, ELLRBR A G B 4. 18] 5(o) s 2 RG] U8B RE U6 T i gl . 15 PE X
HHH SRS, (HERZ AN IE A 2T 86 ), o BRI BN N AR SO ., BoREF AN ST
FARIR R XS B s 18] 44 18] 5(d)f7" FSRCNN A4 2% AT /8 — @ R 2 R AR S IAIRIL 5. ) 0 i
P ORI AZ I 2% sk ] 1) AR IR VR R AR, %55/ A AR IE R B AR A IR, H SRR K I
FEERHIELR .

SSIM (x,y) = (11)

DOI: 10.12677/aam.2026.159382 167 I3RS


https://doi.org/10.12677/aam.2026.159382

Bk %

@ (®) © (@

Figure 4. Comparison of subjective evaluation results for infrared super-resolution reconstruc-
tion using different algorithms (the subfigures are labeled with (a), (b), (c), and (d) below, re-
spectively)
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Figure 5. Comparison of subjective evaluation results for infrared super-resolution reconstruc-
tion using different algorithms on field-collected composite degraded samples
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Table 2. Comparison of quantitative reconstruction metrics across various algorithms
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Table 3. Comparison of PSNR values across various algorithms for field-based composite degradation scenarios

3. HINE SRR R E L PSNR 3t

Bk PSNR/dB 2 4Bk PSNR TR ZEH
W= IR AT E 28.74 —-2.52
% RBE 5| SR 3 7 29.41 -2.41
FSRCNN 31.63 -2.62
LTSR 32.48 -2.36
AR AL IR T 4 34.07 -2.03

%
RERIEH R R .74
s
g
r u
RO - 24 25 FSROM -
|
- =
. =
2
BRI % 10 H RIS 34,07
El P

PSR (d8) PSWR (dB)

BRESIGER

Figure 6. Professional heatmaps of quantitative assessment indicators for basic degradation calculations and composite field-
based degradation calculation methods

o EMEUEEIEESHINEARUEEEEERTUARNE

K 6 NFERHIRAL IR S RSN AR R R B HILE A SR PSNR $RAr UK, & 7 B EBIAE
FAFEAEPIRIBMARAF N PSNR EALXTEL . d15E BARREIR W A A SIAAEK S . AR B 2T
HVE AR RAT T A L A PR, FEANR M ST AR B 4% PSNR I8 F] 36.10 dB, RE{L

DOI: 10.12677/aam.2026.159382 169 I3RS


https://doi.org/10.12677/aam.2026.159382

Bk %

TR=DAEE . 2 RES] S I8R5 FSRCNN; (RSN E SR, 45775 5 FSRCNN 48 bR 5 R85
BT 2.4 dB, ASCMEAREEZ L HARINBCE s L], RS EEREIRAN 2.03 dB, RA Sz (kRem it
B1E 2 B AR AL B IR ST rh, AR SRR A7 AR /IR N B, RS AL ST 22 4]

109

70.85

<> 10.8
36

40.75
35
34 C . ‘ 0.7
334 0.65
m
S5, 0
= 32 4
z 0.6
£ 31
30
29 e 0.5
EA
28 0 045
Bicubic
Guided B 0.4

Figure 7. Comparison of PSNR values across different degradation conditions for
various algorithms
E 7. EEEERERETH PSNR XfELE
4. JHRLSELE 54
NIEGRBE W] 73 BB 2 RBEERRIRE BB MSE-IUZ I G 1 2k = KR ORI A 28, W&
TR RS, DI PR B 55 /NG X I PSNR VAN AR, T ARSI £ SN2 4.
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