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[Abstract]

Object recognition performance in CCTV and low-illumination environments is often degraded by
illumination variations and noise. However, real-time systems necessitate both high accuracy and rapid
processing speed. This study evaluates the mean Average Precision (mAP) and processing time of
YOLOVS by cross-applying 16 image enhancement and 3 noise removal algorithms to a manufacturing
dataset (900 images) and the ExDark (Exclusive Dark) dataset (600 images). Experimental results
indicated that 41 combinations of these algorithms improved performance for the manufacturing dataset,
specifically, the combination of Global Contrast Enhancement Historical Modification (GCEHM) and a
Gaussian filter achieved a 6.98% increase in mAP. For the ExDark dataset, 16 algorithm combinations
demonstrated improved object recognition, with the Linear Transformation (LT) and Wiener (filter
combination achieving a 4.31% increase in mAP. Regarding processing time, 10 algorithms, including
LT (2.01 ms) and the Gaussian filter (8.33 ms), satisfied the criteria for real-time operation. These
findings demonstrate that incorporating image pre-processing into the object recognition pipeline can
significantly enhance detection performance while maintaining real-time efficiency.
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I. Introduction

1.1 Background and Motivation
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1.2 Method

w A= AXP gaeEY daide A8l s
= AR st HA, B2 4 AR A
OBl 900 ez 4o¥stglen, AaxE e

=
Q)5S Mstel HEstch
ol M 9l Rl el 2R 24 SES o

S|IAETSR  7]¥9tol  HE(Histogram Equalization)[9],

AHE(Adaptive Histogram Equalization)[9],
CLAHE(Contrast  Limited Adaptive Histogram
Equalization)[9], JHE(Joint Histogram
Equalization)[ 10], GCEHM(Global Contrast
Enhancement Histogram Modification)[11],
WTHE(Weighted Thresholded Histogram

Equalization)[12]2} 8]dGAR1 87] #25 HEAskL,
ME= A AR R &85 Fo]7] Hsl 2ot B4
718 &12]5-2 AGCIE(Adaptive Gamma Correction
AGCWD(Adaptive
Gamma Correction with Weighting Distribution)[14],

for Image Enhancement)[13],
[AGCWD(Improved Adaptive Gamma Correction
Weighting Distribution)[15]& &35t} ohokst 2 ¢ &F
Ao Moldel wy] xRl o] RS s,
M@ 9 udy WE 79 2uejEel CE(Contrast

Enhancement)[16], LT(Linear Transformation)[17],

AIE(Adaptive Image Enhancement)[18],
AINDANE(Adaptive and Integrated Neighborhood
Dependent Approach for Nonlinear
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II. Related Works

2.1 Image Enhancement Algorithms
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Table 1. Comparisons of Image Enhancement Algorithms
. Representative . Author
Algorithms method Features Limitations iear)
. e E.L.Hall
HE Noise amplification (1974)[9]
D.J.Ketcham
AHE * Block ph
* Redistributes the images ock phenormenon (1976)[9]
histogram S.M.Pizer
Histogram CLAHE e Equalizes the distribution of Parameter dependent (1987)[9]
based JHE pixel intensities ¢ Signal distortion T.Celik
¢ Enhances the overall (Global) ¢ Detail loss (2012)[10]
GCEHM contrast of the image . Oyer enha.ncement T.Arici
e Visual artifacts (2009)[11]
. Q.Wang
WHTE Background detail loss (2007)[12]
AGCIE ¢ Adjusts the images luminance * Bright region over S-Rahman
enhancement (2016)[13]
Gamma based on the gamma value « Fails on bright images SCHuan
correction AGCWD  Selectively enhances contrast in . 9 9 g 9
. . ¢ Detail loss (2013)[14]
based dark or bright regions, rather S Rani
IAGCWD than enhancing contrast equally | « Image dependent (2014)[15]
CE ¢ Excessive enhancement [1_6]
Linear/non- LT e Maps input pixel values to e Excessive enhancement [1_7]
linear output values using defined
based AIE linear or non-linear functions | « Color distortion J.Zhao
(2013)[18]
AINDANE * Color noise L.Tao
(2005)[19]
. . Fa|I§ on over exposed E H.Land
Retinex regions (1977)[20]
Human visual ¢ Models principles of human ¢ Chromatic noise
system CELA vision to separate illumination | ¢ Over exposure issues Q.Fu
based from reflectance * Limited generalization (2018)[21]
DCP * Color deviation Z.Shi
e Halo artifacts (2018)[22]
7V sR|gE, 93 off{ME, w-o|=7} IR 4 QlTH20] Gaussian filter= 74+ #& 7MR| S A8t DA
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MRS ottt A diolut B4 Golde] wt= &0l 23} gdejo|c). o]ujx]: ALY, HA A2] 1A
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2.2 Noise Removal Algorithms
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Wiener filter= GAM9] L0]|=Q} Al59] EAX EA
< o]8sl0], YE Ak} BY cIAb 7to] WP AT Qi)
(Mean Square Error, MSE)2 %] Aslst= ¢ 1e]Zo|),
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2.3 Object Recognition Model
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III. The Proposed System

3.1 Overview and Flow of the Proposed System
2 AollA AQtste AlARLR Fig. 13t o] ahd 74
A(Image Enhancement), =0]= A|*(Noise Removal),
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- Gaussian
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- Wiener
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Fig. 1. System Flow

3.2 Details of the Image Enhancement Algorithm
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3.3 Details of the Noise Removal Algorithm
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A anpt 57t o seiRicH23).
GF[1], = ;SGG(HP—Q”) - I (18)

Guided filter= HEY3E GAH(p) 9 HEO] 7tolt o
7

g Axstel QElY Ak S ettt A(19)00A
Y QY 7 AL 4 G FH TS

o 715 a2 A o), 7KEAl )& Tlole
ol olal Agelel, Y2 AT SYHoIC 24l

g =2 W I)p; (19)

Lﬂ}:]

Wiener filter®] A1(20)2 ZFitpofA] AlSQ} w0]=0]
o AHER v]gof wEt EE 25 Ale 470l
LolzEn}t 3 Fukp M= S, (w0)/Sw0) 0] 00
745, kolxTt Als JRHct 2 Futy oA
NE o BLUPt Bastoe, Fuke A n
LO0|= ZEZ WX[RH}{25].
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[ S, () }
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RW(u,u):
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3.4 Details of the Object Recognition
B ARINE A B4 o % 9% 4 914 Bl

52 gfat AE @4 dolEle TEsIC o) 9is
Roboflow  Universe®]  Logistics  Dataset[34]x}

spark-detector Dataset[35]2 7|§to 2 Y& dfo]EjAl
o] @F 42 HoJAA(CC BY 4.0)5 &4dtd, &
OlEIS LESIYCE ZelA 7F FBAHS At AT
2xj0] o1y e Wl o7 sl 24E Holes
ufgoz § 9 2eAz 287 4% (Relabeling) AHY)
53051dc}. Aojel Z AL Fig. 29F o] obH B S
12 21012 9J5t Helmet, Vest, Head, AIQiAtet &)
#-S QJ5t Person, Forklift, @A} obd Ay 54012 9
Safety Sign, 22]1 s & At A S
Fire, Smoke, Spark& LAEc} o]2{st AA| 1}
5l 138,3897%2] &% HlolEAlE &%(Train) 111,2607
(80.4%), E| A E(Test) 14,5547H10.51%), Fals
(Validation) 12,575%K9.09%)c.2 8:1:12 Balstict
DE o]ujr]9] SR 640x640 AR RJEAE QiC
T3t ZAA] Q1A mEle COCO HlojEAlo 2 APY shaHl
YOLOv8x ©Hof thst Mo| &h(Transfer Learning)e
2aystoict

roh 1> -1 o
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Fig. 2. Example of 9 Types of Images of Objects to be
Recognized
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Fig. 3. Class—wise Distribution of the Manufacturing Dataset
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Fig. 4. YOLOv8 Model Performance: Normalized Confusion
Matrix: (a)Helmet, (b)Vest, (c)Forklift, (d)Person, (e)Fire,
(f)Smoke, (g)Spark, (h)Head, (i)Safety Sign, (j)Background

IV. Experiments

4.1 Experimental Environment

Th3-9] Table 3, 4= YOLOv8x ZHA]| Q ’:.
M 2 oM 7IA, ol= AA, ZAA Q
] HIAES et 498 ol

r:qq ps! o]

_|°l‘

)

Table 3. Processing Environment of YOLOv8x Model
Training

Category Spec
CPU Intel Core 19-10920X 3.5GHz
RAM 192GB
GPU RTX3090 Turbo D6X 24GB x 3EA + RTX
A6000
0s Windows 10 Pro
Table 4. Processing Environment of Object
Recognition Inference and Image Enhancement
Category Spec
CPU Intel Core 19-10900K 3.7GHz
RAM 32GB
GPU Quadro RTX8000
0s Windows 10 Pro
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4.2 Performance Comparison of Algorithms
4.2.1 Recognition Performance (Manufacturing
Dataset)

Table 5. Object Recognition Precision by Image
Enhancement and Noise Removal (Manufacturing

Dataset)
Image AT MAP@0.5-0.95(%)
Enhancement Removal T
GCEHM Gaussian 31.26
HE Gaussian 30.86
CLAHE Gaussian 30.58
JHE Gaussian 30.42
AGCIE Gaussian 30.40
Original Gaussian 30.37
IAGCWD Gaussian 30.37
AGCWD Gaussian 29.92
WTHE Gaussian 29.85
CE Gaussian 29.19
GCEHM Wiener 28.17
CLAHE Wiener 27.90
HE Wiener 27.76
LT Gaussian 27.69
AGCIE Wiener 27.61
AHE Gaussian 27.44
Original Wiener 27.37
IAGCWD Wiener 27.37
WTHE Wiener 27.25
GCEHM - 27.24
GCEHM Guided 27.19
AGCWD Wiener 2712
JHE Wiener 27.06
HE - 26.77
AINDANE Gaussian 26.64
HE Guided 26.64
CLAHE Guided 26.55
CLAHE - 26.53
Retinex Gaussian 26.51
CE Wiener 26.14
AGCWD - 25.31
LT Wiener 25.16
AGCWD Guided 25.14
JHE - 25.10
JHE Guided 25.03
AGCIE - 24.90
AGCIE Guided 24.90
WTHE Guided 2481
WTHE - 2473
AHE Wiener 24.62
CELA Gaussian 24,54
Original - 2428

2 31 M 165
%% A8sto] 7| ¢
H7H= YOLOv8x =& =2 Af
2 Table 50 Aa]styict.
F(mAP@O 5-0.95: 24.28%) Ty
ogya]Ee & 417 x|k

T
h
e
rO
O)‘

E35] A9 107 €18]% 2% Gaussian©o] Z3HE]|Qjom,

GCEHM(31.26%), HE(30.86%), CLAHE(30.58%),
JHE(30.42%),  AGCIE(30.40%), Original(30.37%),
IAGCWD(30.37%), AGCWD(29.92%), WTHE(29.85%),

CE(29.19%) #o2 Uehgth 7] Q1A Zde 7|9k £
a2 des B €SS #2 s|2EIF JINHO7H)
ot dob 278 719H37K) @are 5ol ARSI, ol slAk
a3 71k dare] S A B AJ9A Sl AETH AR
HS &l thelZF delo] uidat ZAA|S] AP Bt
RO0], offg A9 FES =R o] IgofA
0|7} 715k A EARITY. ®et, up B 7]
B2 PR w7l 23S &5l 1HAY ARE 99
o Al RS 7Wi}5ﬁl”* Hieh %49} 7]27] Hete
sl o] =7F STt 4 Tk oS Edsh] sl £A
o @AY kol= Wi s ais
Gaussiano] eV 7Hd apgolla LAgeth o] =S o

A, kolx ZUF Al fefet R RAH. Antd
o=z 2] xgo] YOLOv8x 2ol §4 £& &
=0 A A4 el /e AoR Atednt

4.2.2 Recognition Performance (ExDark Dataset)
& =M Aokste AAE] YajE] HEd 45
< s, ExDark(Exclusively Dark)[8] A& % co]E{Al
600 o MAe] ATF £ES @A Kgsto]
YOLOv8x 2E2 AF&Edt mAP@0.5-0.95 #4& Table 6
ol ejstsict,
AY A, A& FHmAP@0.5-0.95: 27.45%) Ty,
H‘ﬂ OlA o] SFAMEQICE o] & A
2 LT Wiener(31.76%), LTSt

Gaussian(31.18%), CEQ} Wiener(30.62%), CLAHE®}
Gaussian(30.47%), AGCWDS}  Gaussian(30.41%),
[AGCWDS} Gaussian(30.15%), CLAHES}

Wiener(29.95%), GCEHM1} Wiener(29.49%), Retinex@}
Wiener(29.38%), AINDANE®} Wiener(29.21%) <02
UERST A2 7 dlolBAl A Zute} 22| ExDark
glo]ElAle LTS} Wiener £g0] 943t 52 B3tk
ol LT Qmajio] ARHS 7] 4 wate £ A
2% Fo9 JEE 7HteIHA &, Wieners Sl 4
of $/8 S4L JoE BT AFAE Haststo
Lo|= AXY 7F] AAIL 95t of]X] AHE BEF= A
O F AtZ=t) ¥HY| Retinex ¥112]&5-8 XA E FAF 7]
ol 42 *g o2 gejgol, & AdiHE kojx
= A deolle vIRIA] Zsiith
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Ol= Retinex 2] WgollA BAshH= & ofgHET}
0|2 AIAR eAIs] B A] oo, 23] et vl
o] GAS 4% d5ste ZloR Alm€nh AndoR,

Ad g2 AR 7
we Hoz AR

¢ 7Hs R, A2 £&7t

AR T oA A QQAlL theslh vly] SFAME ofLj2}, Table 7. Processing Time Comparisons of Image
w0l IxA MU st HASHA Lo|x2 A Pre-processing Algorithms
sl Aolshe Zol 943t 455 Selsilnh Algorithms Processing
Time(ms)
LT 2.01
Table 6. Object Recognition Precision by Image CE 2.09
Enhancement and Noise Removal (ExDark Dataset) IAGCWD 8.95
WTHE 14.64
Image Noise HE 14.71
Enhancement Removal AR, AHE 15.08
LT Wiener 31.76 CLAHE 19.61
LT Gaussian 31.18 Image AGCWD 26.45
CLAHE Gaussian 30.47 Enhancement GCEHM 30.31
AGCWD Gaussian 30.41 AGCIE 35.77
IAGCWD Gaussian 30.15 AIE 74.71
CLAHE Wiener 29.95 JHE 127.24
GCEHM Wiener 29.49 CELA 130.20
Retinex Wiener 29.38 AINDANE 608.39
CE Wiener 29.21 DCP 2105.47
AINDANE Wiener 29.21 Retinex 5481.38
AGCWD Wiener 29.04 Gaussian 8.33
IAGCWD Wiener 29.02 Noise Removal Guided 198.86
CE Gaussian 28.91 Wiener 202.15
CLAHE Guided 28.28
AGCIE Wiener 28.18
AGCIE Gaussian 2812 4.3 Statistical Analysis of Object Recognition
Original - 27.45 Performance Improvement according to

4.2.3 Comparison of Processing Time

ZF due|Ee] At aEdS s Hall, =edT
Bt A2l ARHms)& £7J5l Table 70 72]stict.

A A, 5 1059 Zarg]Eo] HARE A 7]E
33ms(2F 30FPS) oJufe] o8 £&5 UHESh= oz U
Bttt A 7 €aelE&-8 LT(2.01ms), CE(2.09ms),
[AGCWD(8.95ms), WTHE(14.64ms), HE(14.71ms),
AHE(15.08ms), CLAHE(19.61ms), AGCWD(26.45ms),
GCEHM(30.31ms) <=0|0f, o]= AA &2
Gaussian(8.33ms)3F AR|7F X|2] 71&8 £&3519c) LT
Y25 O o9 4bs Ao, Gaussiand 2414

oy

RN QS 29 % 28] Yol T A 1R A
0% Baj 4 glol, AN Bt ZAI) ojg} e

Pre-processing Algorithms by Application
Environment

e Aot FAIe Lue)Fol 24| 94 Bo| A
U £FY H5(mAPG).5-0.95)0] UIRlE FFL HY
Mo Pt BE U¥Y EFEA % UYL

loU AAIZK0.50< ToU< 0.95, step=0.05) Wato] o=
TLE 7]¥to 2 AMEstont o] &5l A
59 HdA e opyzt, loU
g0 lRl= 71 =5 Brsltt
Aol GCEHMz} Gaussian2 &2t
A7}, mAP@0.5-0.95% 24.28%014 31.26%2 F 6.98%
=] QI 53], 95% AlZ]|F7He] Ashgto] 34.60%01 41
44.86% = 10.26% 7§X=]Qict o= Ax|2] 1ol =il
o] A QA HLS sl o] 7]oigiee Euistc)

oo = —|o°}1_ »o= o

X 0% O_>|.‘4

Table 8. Statistical Analysis of Object Recognition Performance Improvements according to Pre-processing

Algorithms for each Application Environment

Index Pre-processing SD 95% Confidence
Dataset Algorithms i AREBSSUE (Standard Deviation) Interval
Manufacturing GCEHM+Gaussian 31.26 21.94 [17.67, 44.86]
Dataset Original 24.28 16.66 [13.96, 34.60]
Low Illumination LT+Wiener 31.76 16.88 [21.30, 42.22]
(ExDark) Original 27.45 15.62 [17.77, 37.13]
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Fig. 5. Comparison of Object recognition Performance
according to loU
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4.4 Image Visualization

DA 45 B7F At AR e R 15617] flsll, A
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MIAlSI. Fig. 62F Fig. 72 A& A% dlo
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V. Conclusions
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(a) Original (b) Gaussian filter (c) Guided filter (d) Wiener filter

Fig. 6. Examples of Noise Removal Algorithms Results (Manufacturing Dataset)

(o) CELA

Fig. 7. Examples of Image Enhancement Algorithms Results (Manufacturing Dataset)
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(a) Original (b) Gaussian filter (c) Guided filter (d) Wiener filter

Fig. 8. Examples of Noise Removal Algorithms Results (ExDark Dataset)

(m) AINDANE (n) Retinex

Fig. 9. Examples of Image Enhancement Algorithms Results (ExDark Dataset)
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