.@ ﬁ‘\i t % N S SCOPUS, Z5EHTI
~ - A E., REE E

Journal of Applied Optics

LT HMEII R GRS T AN LAE FHRE B8 Y B0 T R e

e BRI Bk H4E L8R AR BT

Theoretical calculation and experimental verification of the detection range of infrared detection systems for micro rotary-
wing UAVs

JIN Wei, SHANG Yuanxin, FENG Yunsong, HUANG Jiahao, WANG Siyu, ZHOU Changqi, CHEN Youcai

SIHASL:

S, TR, Wy, 5. LDAMEIN R G R TE AMLE FHEE B A BEE T3 BRG], DG, 2026, 47(1): 58-65. DOL: 10.5768/JA0202647.0101007

JIN Wei, SHANG Yuanxin, FENG Yunsong, et al. Theoretical calculation and experimental verification of the detection range of infrared detection systems for micro rotary—

wing UAVs[J]. Journal of Applied Optics, 2026, 47(1): 58-65. DOI: 10.5768/JA0202647.0101007

TELR 52 View online: https:/doi.org/10.5768/JA0202647.0101007

ST BB B A SR

Articles you may be interested in

FEANObRE R AR RRES

Reflections on transformational development of unmanned aerial vehicle electro—optical information equipment

I FE2E. 2025, 46(3): 473-480  https:/doi.org/10.5768/JA0202546.0311001

TN HEE AT

Research on UAV photoelectric countermeasure technology

I FE2E. 2021, 42(3): 377-382  https:/doi.org/10.5768/JA0202142.0301001

KT 16 B B AL S MBS AR AT

Infrared radiation characteristics of head—on stealth missile

NG, 2022, 43(1): 41-44  hitps://doi.org/10.5768/JA0202243.0101007

TN 3 B ARERER A PR EBI IR AL B B R

Bounding box initialization and optimization for ground target tracking in UAV Videos

N2, 2023, 44(6): 1332-1342  https://doi.org/10.5768/JA0202344.0602003

HTHUEHEY OLOv4RY AR/ N T A HLSE I BRI E v

Improved YOLOv4 for real—time detection algorithm of low—slow—small unmanned aerial vehicles

N2 2024, 45(1): 79-88  hitps://doi.org/10.5768/JA0202445.0102002

HTMIMOK AN SR CE R HERE

Laser communication performance of UAV slant based on MIMO

M. 2022, 43(5): 1030-1036  https:/doi.org/10.5768/JA0202243.0508006



http://www.yygx.net/
http://www.yygx.net/
http://www.yygx.net/cn/article/doi/10.5768/JAO202647.0101007
http://www.yygx.net/cn/article/doi/10.5768/JAO202546.0311001
http://www.yygx.net/cn/article/doi/10.5768/JAO202142.0301001
http://www.yygx.net/cn/article/doi/10.5768/JAO202243.0101007
http://www.yygx.net/cn/article/doi/10.5768/JAO202344.0602003
http://www.yygx.net/cn/article/doi/10.5768/JAO202445.0102002
http://www.yygx.net/cn/article/doi/10.5768/JAO202243.0508006

PSEHT (VAN IR IR LIE A AgtN S,



5547 4% 5 1) B Ot % Vol. 47 No. 1
2026 4F 1 H Journal of Applied Optics Jan. 2026

X E RS 1002-2082 (2026) 01-0058-08

SIS &, W, WER, 55, LLAMRIN R e X (8 o AALVE A FE B2 09 30 1 H 38 SRS [J]. 1 F G2, 2026,
47(1): 58-65.

JIN Wei, SHANG Yuanxin, FENG Yunsong, et al. Theoretical calculation and experimental verification of the detection
range of infrared detection systems for micro rotary-wing UAVs[J]. Journal of Applied Optics, 2026, 47(1): 58-65.

21 AR 2R 8 6 s 88 o N ALAVE FH B2 1)
Mg THE St

2 R, AV, B, wEE, TES, AR, BRAA
(E PR K2 BT A2 B e b O R 2R S =, 28 A A 230037)

B 2 ALTHANKEHMDRRANNEETIE, EHEAOINEMNZETEANGERIES, A
HARGAHIRME A AR, G, FBIE AL RANAT R ERELHIEN B EMEA, KT 4
MR R R AT A B AR RE S G AR R, BERENF RLA, Ao sbHAENF 5 2o
BAL, M FTT REELS CAFHE T4 DIIAIR 2S RAME @ S A L6955 40 8 E o B8 &, 133
TRATP O RAMKE A FHORANGRE, B4, AT RANG ZLIUTHRA, F AT EH
F B EHAAT AT RAMNS um~14 pm K BB HEE ., RE, RAMEIHEREETH
AR BRI SRR T HARB T T AN GG AE R BB B L AR @ b A 5 A, A BRHE IR bt S84
MR R B T A DITAIR 2S R A ML VE A 3B & , T MG H 5K 1w & 64 175 A 3B
B, EARIRNF AT, HEZmegAastit £ 4 10% A R, X R A4 R BB 5 it H AR A fo S A AR
W R AR AT,
X L SMRM R Yo RAMNG VE R JE B ; fa 43R 2
FE 5% S: TN219 XkFRERS: A DOL: 10.5768/JA0202647.0101007

Theoretical calculation and experimental verification of the detection range of
infrared detection systems for micro rotary-wing UAVs

JIN Wei, SHANG Yuanxin, FENG Yunsong, HUANG Jiahao,
WANG Siyu, ZHOU Changqi, CHEN Youcai

(Advanced Laser Technology Laboratory of Anhui Province, College of Electronic Engineering, National University of
Defense Technology, Hefei 230037, China)

Abstract: To achieve precise regulation of low-altitude micro/miniature unmanned aerial vehicles (UAVs), it
is essential to obtain the effective detection range of infrared detection systems against UAVs and define the
boundaries of infrared systems detection capabilities. Firstly, considering that the UAV's image can not cover a
single detector pixel, a theoretical model for calculating the detection range of infrared detection systems
against point targets is improved. Secondly, an experimental measurement system is constructed, utilizing an
infrared thermal imager and a multi-channel temperature tester to measure the radiative and physical
temperatures at multiple surface points of the DJI Air 2S under varying continuous flight durations. These
measurements enable the determination of the thermal equilibrium temperature of the UAV during flight.

Thirdly, a three-dimensional geometric model of the UAV is developed, and the radiative intensity in the 8~
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14 um wavelength band is numerically calculated using the Monte Carlo method. Finally, based on the

established detection range model, the spatial distribution of the detection range for the thermal imager against

the UAV is numerically simulated across different detection angles. To validate the theoretical results,

experiments are conducted to measure the practical detection range. Comparing the detection ranges derived

from numerical calculations and experimental measurements under identical viewing conditions, the relative

error between them is within 10%. It demonstrates the rationality and reliability of both the detection range

model and the numerical simulation methodology.

Key words: infrared detection systems; unmanned aerial vehicle; detection range; radiative intensity
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Table 3 Quantitative comparison between numerical simu-
lations and experimental validations of operation
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