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[Abstract]

In this paper, we address the limitation of single-channel infrared (IR) images, which are difficult to directly
apply to RGB-based detection models. Previously, a single channel was often replicated into three channels;
however, this approach may limit detection performance due to information redundancy. To overcome this limitation,
we propose a method that replicates the single-channel IR image into three channels, with each channel processed
using different preprocessing techniques, such as CLAHE (Contrast Limited Adaptive Histogram Equalization),
Laplacian Filter, and Top-hat transform, to improve detection performance. In this study, we utilized the RT-DETRv2
detection model and the Anti-UAV300 dataset, using IR images sampled at 10-frame intervals for our experiments.
By evaluating the effects of each preprocessing technique and deriving the optimal configuration, our method
achieved a 2.2% improvement in mean Average Precision (mAP) over conventional methods. This confirms
that our method enhances performance over simple replication, presenting a novel approach to improving object
detection performance in IR imaging, with promising applications across various fields, particularly in disaster

situations where infrared cameras are utilized, as well as in nighttime surveillance and reconnaissance.
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Fig. 1. Examples of object detection performance for ol =M pe ol u EF ol
visible and infrared image pairs: E‘E‘:]:E Ard= 3=l ol RGB 71vte} gA| 22o]
(a) Visible and infrared image pairs in cloudy weather ASrsLA] ¢4t} dubsio 2 ohdd Xjd-S 3xd 2 EA|5tY
(low illumination environment) Ql2io 2 A}3H= BHo| ERJsIA|D upAle o
(b) Visible and infrared image pairs in a night-time RGB 0.2 ARgSh= grol EXNSHAIRL o] N2
autonomous driving environment H fo]g|o] £E o2 Qlsta] 7] EHX] BH EX] Ao
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II. Preliminaries

2.1 Preprocessing
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2.2 Object Detection

2.2.1 YOLO
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Fig. 2. YOLO architecture.
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2.2.2 Detection Transformer
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Fig. 3. RT-DETR architecture.

III. The Proposed Scheme

RO AL x| A% ©dlol YOLO-IR-Free ¢l

o] WHEQLOLI16], Hlo]E] AEC] 5.0 AFRA} 57} A
W 7} ZHEA] Qo A4l 7] M S-S RGB 7)ut ©X|2
J1F02 grs] WRE D ik meld, 7]E dqois
oY AEde 3AMEZ =Xt RGB Al Shxe WA
o] 2] AREE|AL Qlct. 7]E Aol Aejad Aol
A GA] s =ol7] Hsll AAE 7Ive & Agol
&5k YAlo] £22 ARRE QI
o5 =01, Back®t Z. Yuan 2 @4 A'd9] AejHd g
FolA tiz % H71E ZHAS ] sk slAE TR A2
7] Hg E H EJ—;(] th ék/\l—}\];z]: H]—H—]E_ :rLs}oﬂ
oH4,17). o] A= Hold agel oS ZhAs 2] 7
Alg oS F361 Btee aug wojrgiont, ol
Qo) T FAR] 18 Agsie Pajolgl] mhzo] 4
B g FH0A

—l%‘T'C_Z‘ O‘lJ}\]T o %o
7

lUlKH 74711*1% e

2

o
L:
1'11
e o
l"_u
E
~

ck
()
>
ol

cort 7“i1H =x2 W) B

Nz A2 A

o v
=

9d9| Yoz A3
L Zolck. o714 Iy,

2019-09-25 10:18:52

2019-09-25 10:18:52

Hiti284.49 #ifD12.56 Hiti284.49 M1 12.56

(d)

(c)

Fig. 4. Examples of image preprocessing techniques for infrared
images:
(a) Original infrared image of Anti-UAV dataset
(b) CLAHE result
(c) Laplacian edge enhancement result
(d) Top—Hat result.
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Fig. 5. Proposed Scheme Overview.
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IV. Experiment Results

4.1 Dataset
AolAE 291 FF7UAV) g SHoe
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(a) Cloud Background

(c) Mountain Background (d) Sea Background

Somal §

(e) Scale Variation

(f) Large Target

W

(g) Medium Target

(h) Small Target

Fig. 6. Examples of Anti—-UAV300 datasets.
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4.2 Implement Details
2 o Held gy 54 3
o] &Al 5= Fdiekstr] s Al 7HR A& 71
Aastact Al W2 CLAHES Argste] 25 7fAlst
L, ojrf thR Ak 2.0, R 27]&= 8x8= EAs}
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xStst
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RT-DETRv2 TE& AR5, &8 7t QX}= | Ag)
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S 238519} A&e Ubuntu 20.04.6 $704] Nvidia
Tesla V100 GPUE &35}y 75_10146}93\1:} A2
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RTDETRTransformerv? U204 S AR8-6}9iT}.
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Fig. 7. mAP@50:95 over Epochs.
81 epoch 4= AldAl0 2 30 epoch@ AAJsto] Al
YAt HolA M=t HolHAES S5 7% Fig.
73} o] 10 epoch UjoflA] 2&o] £]A /d50] =5t
AgrRlo g 7] epochof|d w2 2]|A /d5-2 2/dst

Table 1. Experiment setup.

Experiment Method
A CLAHE
B Laplacian Filter
C Top-Hat
D CLAHE + Laplacian Filter
E Laplacian Filter + Top-Hat
F CLAHE + Top-Hat
G CLAHE + Laplacian Filter

+ Top-Hat

B o oA cokst oujx] AMx2] upHo] BHA] AL
o] njR]= kS BAshy| s Yol AHS Al
t}. Table 1o UERF Z1x3&, 7+ Al&loj|A= CLAHE, 2t
St~ TE|, Top-Hat HAl2] 7Y %%Elﬂ)ﬂgi L %
ststo] MLs1oc}t A8l A= CLAHE ot

ot ehse nga

Cleggt 142) g0 ) Ew ol DKl 9 ¥
Hsioict. olefat A2 71we) x3g E5h A 7Puat
)

v W3S O Al A} of2 1l EX] xsto] ALS. 7

gttt Ad Ait= COCO H7t RX|®(COCO eval)E
ARgstol  Brisigien,  COCO  #H7F Al&e
IoU(Intersection over Union) YAZroA 2Ho] A=
< 573t} §9], COCO+= ThUst IoU AAIRN0.5004
0.9571x] 0.05 ZFA)ojA AP(EHF AYUEZ, Average
Precision) 7lAtsto] melo] Alubsel Abg Wrlsin],
o= ZHA|S] F7]et AR AWM E H5S
2 Piste 5Q% Aleg ARRHL 20 45 AREE
mAP@50:95, mAP@50, mAP@75, mAP@s, mAP@m X|
e E3slo] e WIS o1H s, mE 4%
(Small), &3 (Medium)2 =3}t mAP@50:95+= IoU <
A= 0.50014 0.957HK] 0.05 =2 HepA7|H Hot
Aol 452 5793 o2, ueo] AUl Y5 Bt
sh= o] 5Q35F A ;olt}. E5F mAP@502 IoU7t 0.50Y
mlo] Aete =S, mAP@75% IoU7} 0.75% w9 Aete =
LERdT. Aol AREH Hlo]8 N Eofl= ti¥(Large) 74
A7t =SR] Q7] wizoll T Ao dish Al & A
g AoA A<t

A¥ A Table 29 23 A¥ FO| mAP@50:957}
0.4572 7]F& 25 tjy] 2.2%0 J5or 7P =2 A}
£ 2t o] o AgofMEs 92 Y= AHESke A
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Table 2. Experiment results (The highest value is highlighted in red bold).

Experiment mAP@50:95 mAP@50 mAP@75 mAP@s mAP@m

Baseline 0.435 0.893 0.333 0.355 0.465

A 0.440 0.886 0.349 0.354 0.472
(10.005) (1 0.007) (10.016) (10.001) (10.007)

B 0.442 0.886 0.357 0.362 0.473
(10.007) (1 0.007) (10.024) (10.007) (10.008)

c 0.433 0.872 0.332 0.372 0.454
(10.030) (10.021) (10.001) (10.017) (10.011)

D 0.432 0.886 0.323 0.349 0.462
(10.030) (1 0.030) (10.010) (1 0.006) (1 0.006)

£ 0.447 0.886 0.372 0.364 0.474
(10.012) (0.0 (10.039) (10.007) (10.009)

F 0.457 0.8%90 0.390 0.374 0.488
(10.022) (10.007) (10.057) (10.017) (10.023)

G 0.449 0.894 0.368 0.378 0.474
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