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Abstract: Due to complex geological conditions and unevenly artificial lighting in underground coal mines, surveillance video images of-
ten exhibit non-uniform illumination, detail loss, and low contrast. Moreover, existing enhancement algorithms frequently introduce color
distortion and halo artifacts during processing. To address these issues, a mine image enhancement algorithm based on multi-scale fast bi-
lateral filtering and wavelet fusion is proposed. First, homomorphic filtering is applied to preliminarily enhance the image and convert it
into HSV space, where the hue component remains unchanged. A multi-scale fast bilateral filter is then constructed to extract the illumina-

tion component from the brightness channel, and a dual gamma correction function is employed to enhance the illumination component.
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The reflection component, estimated according to Retinex theory, is further enhanced using a grayscale adjustment function and the Con-
strained Contrast Adaptive Histogram Equalization (CLAHE) algorithm. Illumination and reflection components are subsequently fused by
wavelet transform to obtain the enhanced brightness channel. In addition, a saturation correction function is designed to improve the satur-
ation component and enhance the overall color representation of the mine image. Finally, the enhanced brightness and saturation compon-
ents are combined with the hue component and transformed back from HSV to RGB space. Experimental results demonstrate that, com-
pared with BPDHE, CLAHE, NPE, SRIE, BIMEF, and PnPRetinex algorithms, the proposed method achieves respective improvements of
25.31%, 42.75%, 9.59%, 1.60%, and 41.26% in objective evaluation metrics including mean, average gradient, standard deviation, inform-
ation entropy, and spatial frequency. The method effectively enhances illumination, details, and contrast of mine images while suppressing
halo artifacts and color distortion. Moreover, when extracting illumination components, multi-scale fast bilateral filtering achieves an aver-
age speed improvement of 87.29% compared with the classical bilateral filter. When YOLOVS is applied to the enhanced images of mine

workers, an average detection accuracy of 90% is obtained, representing a 40% increase compared with the original images and signific-

antly improving the accuracy of intelligent detection.

Key words: Retinex theory; fast bilateral filtering; HSV space; dual gamma correction function; wavelet transform

0 5l

B I PR R G HEr e ARz A,
HLAE F Sy e 2 e b P (A2 PR 24
2% [B) PR RN G G IR AT B A R 5E ), W ¥ R Gk
EMEGA T ML EEAYY | 45 08 0 LRSS
[B) 7, S B A AW BN Y R Y W 4 ORI AN AR,
B I T TARE O . MEME IS sREBAR
B ESCGEN IR T B G BT, DAE XTI
BT THER M AN AT DR, A X S
TREMR S TR o . SV b, B EMR R 3 R Ak
FHEAFEEETIRE I FME G Tk 2 26 1E5eHgR
SR EAA AR B R, B | A T PRSI A
E B A S RN O S s kD
F Retinex Bl 19 5. R Retinex 5.7 (Single-Scale
Retinex, SSR)®), & R J¥ Retinex % % (Multi-Scale
Retinex, MSR)""), A5 B (5} & /) Retinex 7% (Multi-
Scale Retinex with Color Restoration, MSRCR)™, f
SRIXLEE VLR — e RRIE 3R e I EIE, A7
TEARZAL (RIS A ARG s R I 25 5 th B
o e DX B R P ) L, L PR I A S e SR
1) TR K BE G 25 AT DF E TRl /0, 32 140 05 1Y
ZRP), AT Retinex #E MY SSR Fivk . MSR Hik
F1 MSRCR 53157 UG B g A5 AL TR B Y X 8, 75 %)
HEDER R | B R I, 2T
BT BRI T ORE R ek AR . BT
AGUTT R T R T R 0 4 349 2 T A
PRI, SEL T O BRI A, (R4 SRy R A
FHALEE AL+, AT R R HG KR P BOCR 074
S S A5 BT HSV 43 (A, A MSR S Akt
XUt I i A 4 5 21, A R T ok s O R Ak
GRS . B RZ BRI 2RO, &

238

il

SRRSO I EIR A ARV S . SRl
PR T Z R TG R 1Y Retinex 7 I EZ 3 o
Bk W T BGOC R DS A T
BFOREA T O A SRME . HER H 2 A EE Al SR mE BT, il
Gy I EG S R BCERAR, R
TRRAE, SR e A PG . T A i et
Z N Retinex 85 584 W BE, N HH UARHIR
UEVE AHE S 0B, 38 A I T DGR Y 18 3 0 1 R R
KAETT A TERINBE . XA M6 TR S5
WIS & A, AR AR I 3R TR Y, 5 5 5 i
BRHE,

AR, BT IR B 2% ) By G 5 Jy 1k PR HG 5 R )
SESJRE I 2 e . 2RI 2D 3 o e 57 f g
Retinex B, SPAE IR 5 ARG 2 [0 1Y ¢ R, fliE
I TR RS AR . WA W TRT
ZER NSRBI G R [ B UGS vk,
fif R T ERIAZOGT L 25 DL SR 43 DX 3 ask e i O gt 4 1)
B, AR TR RO R BRI R . B
AFUST AR — R LT 38 RS T A B Retinex-Net
T BURIG s, B 1 MR Xl 52 B2, fidi ]
BRI R ARGE . BRI R, JETIRE
> W HE SR T VAR A R R AR R L R g
A o ST T R R . (B, IS T il i e 2
PERE SR KA AE - &, I HLAICE 52 i AR A RY 1Y
PHHEAEAE—E 1 SR PR

25 LTI, E R IR W EUR IR EEAR TS 4
R X AR, A B AR R B A )
MR B, GRS, EE R T —Fh T
22 OB RO B8 RN/ INE AR 4 B UG i 5
Bio IR RS IR I G A D3G5 5
%3 HSV 25 8], 9/0 B 60,5 105 a7 22 ROBE PR XL
PR BOGC IR S5, DGR 5 4038 XU A%



TR T2 R XA G WA/ NI A8 - G 5 51

2025 4F55 10 A

1E PR 9O IR o 5, ST R Y s JE T Ret-
inex FEIE T RC o IR FHBR X FLE 58 1
Jr 5 A 5303 (CLAHE) 1K B2 10 B pR B304 568 J
Sty (0 /NI AR e il A5 Y B i R R i,
T 0 A& 1 R ESOF I AR R i, (8 (R AR B4
A NI
1 BERK

AR SCHRE Y ) 2 L AR R AR A B 1 R, B
LB

1) SR RIS S8 I A AR R f (x, ), 354025

KR R g (e, ) i, # g (x, ) 5545 3] HSV 23 [H]
2) BT L R PR XGH IEN, WSS v

JFREE IR f(x, )

TREFE I BAE

PRBOE IR, A BIRI IR E IR B Ly (x, )

3) Ha 3 AU B 452 1 PRI 58 Ly (x, y), 15 81 5
FEIRITRE L (x,y) o K5 I Retinex #5119 1R
S5 531 Ry (x, ) {68 FH K B 81 pR 80T CLAHE 35
PRI TR R, AR B R  ER (x,y)

4) it /NEE R Ly (x ) FIR, (x,y), 1535
(FEBE A3 V7 (x,y), SR 5 R L EA 706 FL E R, A pl
B AR E SR (x, y) o

5) VIR A& IF R BUFR IE IR A i S, A5
SRR FIBE S RES” . SRIRALG §7(x,y). S/ LT
gy it H, I8 Al A JE 1 BRI HSV 25 8] 5 46 1]
RGB %5 [i], S5 B3G50 IR f (x,9)

i

= H

EIN} /St
XL E B

[REST

HIHEIEIE

! B
| A RNE
LS |

LN LVl (x, ) B

Vin s Ly(x,y)

s H

r b PR S 0 B

P2
glx, y)

Retinex fi 7Y

RGB i 4% A% HSV it 7% [A]

HIUE ISt

SRR, (x,y) SER),(X,Y)

5 EE 1 (x, y)

HSV %504 RGB %%[#]

i

MRy S

53 .
BTN EEAZ 1 B BN VAT E 73 B AT AR 2 PR I -

B B
Gy S

M1 HBEEENERLE

Fig.1 Overall flowchart of enhancement algorithm

2 WHEGEEE R E AR

2.1 REIFIREVTILE

BT BRI EE 3 AT AN | shZSTa RN X e
FEAR, SO AR EUG Dw i, AN REAR AT Hiu™ 5 4 240
TAF B, R R B 2 AR e B AR T DA SR A
T PG A1 B8 X3, 1 [i) 2 AR v R DX 3 ) M
JE RGN, AF TG 2L R iR s
TR IR A3 2ok YRR B AR 25 G il o, KR T IR -
SRR, TEATUAR B R i I PR K BE T FL, {4 25
B 0 U AT G AR T 3w 07 A A 4 PR
(K 2) . 283 W) AU ) 20 14 ot i) 7 RIAR T AR
A

8(x,y) = F[f(x,)] (1)

Horp, FORIR)ZS0ESE . WIALAEsR ORI 1 i,

TE A i GG X ons He B2 i [ i, fR B T R e X

SR IR JEE SRR AR o Rk, S [R] g i 20 Ak
BT, DR af PGS LU E AN B E AT — & T BE O 4R T,
AR T IR ER AL L

(a) JREH K
M2 EAREEA SRR

Fig.2 Preliminary enhancement effect of homomorphic

(b) Wi s 5

filtering

22 REBEHERREANER
2.2.1 Retinex ¥ it
Retinex 3T (010 & A G IR AR PSR Y,
239



2025 4F55 10

# £ M FH K 553 %

RV HIR JE8 60 28] %) 0 A B TR 22 e P 0 R 3 1T 114 2
SPRRME U E 1, 558 PSR R 2 ARG AR Ak e
Ko HHIL, ZIIS IR — iR EE B G IR 53 i F R 5
grie 2 WO, HACERIA A = (2) Ps:
I(x,y) = L(x,y) X R(x,y) (2)
Horb, Lx,y) IR o i, 2 R 02 AR R fI%
Eﬁiﬁ/\,fiﬂyﬁ%aéﬁz‘éﬁ%ﬁ LRI A R
WHHIC; R(x,y) R RS 4 i, 2 G A 15 AR AR R 2L Y
AR A, BT R AR AR SRR G 1 B G
REJIo BT AR, S (2) et 3 X £i itk
1AL, 4=k (3) Fim:
In[I(x,y)] = In[L(x,y)] + In[R(x, )] (3)
222 ARy EHRI
W I G B A f i S O I B2 i R
FOCHEL, BUA IR R RO B RN 2S BE AR
1) A BRHRAE, REAS 76 DR B UG 5 XL 4 A5 B Y
] Bs) ELA B A B BB T o (2 B 0L 8 IR e — ol
JRLRME R UE I vk, TR R 2, I R
PRI, AR SR FH 43 B A 1R D7 R s R g 0% , [+)
328 BOAS [) R 14 25 8] 5 26 o RO BE T 2% o, B G
22 R HRL L 08 I R R AR O IR o0, (B &
1o [ 25 U 0 25 3 T HE R g (x, y) B S T Ay i
Ve DTER DR R m = (0, y) KA KEE RV, £
FLUEB I IR 7 (x, y) TEm i A B R BE RN 7, XL
g IR R (4). 2R (5) PR
vm:—ZG (m=nDGo (V= VDV, (4)

m neA

Wo =" Gollm=nl)Go(Vu=ViDV,  (5)

K 1= (0, ) A mFIR R 2 AR HES, W,
WH—S G G, = RIS G, R KA, B
st (6). X (7) Fiow:

—[(x1 =)+ (O —)’2)2]} (6)

2
207

Go (lm—nll) = eXp{

(7)

_ _ 2
Gor (V= Vi) = exp[M]

2072

22 JRUBE RSO3 108 0% £ BB HR 4 7 fT AL AE 4
i 3 frs, BRI

1) EUOK, H L N3 REM oy, o T I 4E
T, BUE S o =10, 0,=08,0,=1, 0,=0.5,
o,=0.1, 0,=02,

2) B A AN [ K B A B R 4y B i

Vinax ~ Vanin 7858 SRV (e, y) W e R A e/ IN K BEAEL, P

RE SR Ay BoEECR:, BRI (8) Fik:
Vmax

ij=p—mm(—1)+me]—12 (8)

3) V) 584 Bl fontiz 7, LA RAE N

G, IOFEHAE 1, iz 3435 2R 1 v 207 o K50H) LA~ o3
Fr, YA B 8 v FLAE

4) 73 5 V0y) s ARG R BB A, Bk g I

A AL B0 7 5 G, BB, Wk (9), 2L (10)

BR:
Gl (V,) = GL(V,,, V) (9)
3., Go(lm =nlDGg, (V) V,

77j _ neA

Y G, (Im-nl)G(V,)

neA

G, ®(G), xV)
" G,eG. |m
(10)
5) X R ITA 73R 7i(x, y) HEATR AN, 15
1) 2 P 00 g I B i TR T, y), IR (1)
JI7R:

m

)4
V(e =) Vi (11)
j=1
6) V(x,y)Zeid 3 YRASIA]RUEE 1 e U g I I
kﬁﬂjﬁﬁ%iﬂm‘*;‘tﬂﬁ/ S Lv(x y) an=t (12) s o
FiR:
3

Ly(x,y) = Z

(X, ), 0,07, ] (12)

SRR AFERER || s IR

- || R R Wit o
V(x, y) o, 0, TEP Vx, »)

Bigokmme [ ] Ly

H3 REAESENENAESR
Fig.3 Simplified framework diagram for extracting lighting component
WEIMPEZE o PG, X R REAT IR B AT B
BER S o BRI TR, A4 XU ) S L B RON )

223 RBH IR
BT TARSE AR, — Bl A KT AR Aot

A, 5% o 1 B ' Xl R Tz > DX R B i /Y
MG, B EH I GG A, 7R KA XA, m]
240

WEIE IR B Ly (o, y) UEAT 1G58, SRR B R E . ELAAK
HE AN (13)—=X (15) Fiow:



FIRMAT: HT 22 KB PRGBS U A N A B I LB 5 3k

2025 4F55 10 A

(c) MNRFE

(d) M, )

B4 vy Lyey)RARRETHLESE

() Ly(x,y)

Fig4 V(x,y).Ly(x,y)and illumination component at different scales

(a) KR (b) FRE
1
G.=Ly(x,y)r (13)
1
Gy, =1-[1-Ly(x,y)]" (14)
L, (x,y) = aG, + (1 — )G, (15)

o, GO I8 LR R 5 X 38 Gy o 40
il B B 5 X 8 @ Ly (o, y) BB RO JEE A s o B

BEVE N5 Ly (e y) 8 OG B B . —fer ek,

it iR o ) ) R R K, R R R Tl R
(L EZ

ARCIHAELT 4 B[R rint Ly (x,y) BO3G5RAE 0L, H
T3 07, % Ly (xy) = Ly D 2 % 2, 3R
Ly(x, ) KI5k . r=0.50F, L,(x, Wi TS HL T I,
2 Ly (e, y) B8 U HRBE B 58 2 10 4, 145 I 15 o
r=3.50F, L, (x, )W ES B L LT, S %%
T, AT Ly (o, y) B IR B DI 1 iR, o R DX
BRI AS RIS, R A AR IR G ) R
Biffi . r=6.50F, L, WIR KB HESFL LI, B
F AT TS HL T T, ARE Ly (x, y) Bl B3

(@ Ly (x,y) (b) =0.5

SR, PMRR AR IR B B o AR, P{EDBROR, TRIIR A IR 2
R, R PR, PRI BORE PRIl ™ B, 4115 15 5
B niygisb o fEr=9.50F, ST . A, £t 2R
PRI, B ris Ry 3.5, AN rE A G 2 AT T B
RSP B 5. & 6 s .

1.0
— L{ (x5, )7Ly (x, )
09F— 205
— 1r=3.5
081 r=6.5
0.7 L— I'=95
2 0.6 |
£ 05
~ 04
0.3
02}
0.1

0 0.1 02 03 04 05 0.6 0.7 0.8 09 1.0
Ly (x,)

BI5 TR ret i85 dh &

Fig.5 Enhancement curves at different » values

(d) =65 () 7=9.5

B 6 RIE ritLy(x,y) 83 5 R

Fig.6 Enhancement effect of Ly(x,y) under different » values

23 ERSIHERITEREE
WA Retinex FEAY, — i FG Fh OYG RE 01 1 e 3
i 2 WA, UL, FTARYEC 3) i I TN A
G ST 5315 T 38 20 8 508 4 b e sl 46 [m] S
I, 4=k (16). 2 (17) Fis:
Ry(x,y) = In[V(x,y)] = In[Lj(x,)] (16)

Ry(x,y) = exp[Ry(x,y)] (17)
2UH: R () AR RO S o3
PR B iRy (e AL T 0 R R 4R
TORFAE, (EATAE I 73 A ANEY | 3o FOJEE AR [t

e, o TS BR T BT I RS AT L R B 2 2
FFAE, XF RS ot HEA T IR R R AR R . H e, R
i CLAHE S 3 Ry (o, y)#E47 % U JE B3, X
(18) iim o 3 (19) H Ry (x, y) LML, 5 (20)
HIR VAR Ry B H . CLAHE Rk —fa
SR X HE RE S B D5 VR, IS A T IR S A A i
fil 1, %ot PR A3 DX IR A T LU, AR 50 L i
(8, AR 7 S, B T PR SR R
iSRG, B IR EE VAR ek B, =X (21) Fim . A
T PRI BN EE BB S (14 Ry Cx, y) B R JEE 1R, e 48
SR 114 S5 43 R (o, y) R DR FEE (I 437 S N84
241



#EHFHK

553 %

2025 445 10 1)
Ru(x,y) = CLAHE[Ry (x, )] (18)
. Ry-R
Ry = —L Vo (19)
RVm _Rvmin
In(R 255 P
_ w B R (20)
In(Ry,_,)
Ry =RE™ (20

BERY

A Ry (x, y) W1 CLAHE 5735 J ) A5 38 i
StoreEs R, Ry MR, J0A R, B R KK AR
SRR BEAR . /N REEAHS Ry, R, WP YK BEAR
Ry MR, WA RAL, 15 R, K EEAETE [0,1] YLl v
IR E VAR EG BRI T, BB 5.2 HERRASUR
PRI B L7 R AnT&] 7 Ff

12500 |

10 000

7500

5000 -

2500 [

0 0.2 0.4 0.6

VAL IR P AE

0.8 1.0

(a) IR R o34 S HL T 1R

G K

8000 F

6 000

4000

2000

0

0 0.2 0.4 0.6 0.8 1.0
PA— 0K A
(b) 3858 J5 1 S i R I R
H7 RESERILE T EBRI

Fig.7 Reflection component and its histogram comparison

24 EF/NETHMEGRE
EHZ A2 2 8 sk Z R R TR R BRI
*ME BB ATE ', H5 A4 B BR Tt 215 B
TR RN R BT sR Y N A e 1R 1%
3 M A [) RUBE AR A2 1 4, Tl s 40 8 8 1) E A
BB 7, S AR AR Rl A ax A T DA G b A B R Y
Y7915 2, TERLE IS 0 BRI A AR TR W, BRI,
K/ INEE AR e il G R TR R S A fe . Rl i AR
wnE 8 Fizn, e R A BRI
R 1 /lifri‘ﬁj‘fzﬂgﬁj\iL (o, y) RIS 5 S5 5 £
R, (e WVERMABUR, 53 54T 7 2/ INBoT i, 4RA%
XoF INF 18 g A0 - FIATAL
R 2. BB ARG 2 kb A G N2
242

BOARAR o3, 7 2R 850 KAE v m 5 5 g )2
B A Ay, BARGTE R ks (22), 2R (23)
N

L, +R;,

v, = “k=1,2,---,7 (22)
IVk(L;/,R;/)’ka(L R;/) > IVk(L, 7R;/) 1 2 7
Iy, (Ly,R}), others B

(23)

ABR 3 WRLE IS BRI A i A TN
W HAL, A3 BB 98 5 058 BV (xy) o B/ NI
HRFRI SEBE MRV (), FTAE HSV (R 25 [H]
ZEDEI R R, S 2O PR I, 7
X HRRE, LAE— P Hgmnt R . BRI I (24).



FIRMAT: HT 22 KB PRGBS U A N A B I LB 5 3k 2025 445 10 4]

i &H-}E v 1 V- Vrlnin (25)
mR @y =dy——,—

max min

41 Vi Vi 20 B 5 5 BE A8 V7 (x, ) B R/
N IR VE AR AN e KK AR A TR BE K 7 (o, y) AR

SRS
2.5 AFEIELMERIE
(B4 i e B (54 B 0 IR S 5 e B T RS W B 5 B, A5 3 5
L@ ' || TR | Ja BEMR B AT A ARSI e f 46

= S8 0 07 5066, (L5 Jy 1 T i S B 1%
SRTE. PRI, ST SR AR, SR I T 3R
BRI S B TR AR I, LR NG (26),
X 27) Fims:

=

s
iz=a

>

I 3

R (A ¥
i

2 (AN 1 1-S
V(x,y) T= (g) (26)
H8 KELQBEMRH,ERASTE

’ T 2
Fig.8 Fusion process diagram of illumination and reflection S§'=8"+S§ Earctan S (27)

b SOMWIR RN S0t o B IE TR 3K S g
SR PRI 734t

% LE IR XE i B B0 R 8 3 e 7 1
™ (24) FTRCRIS ORI S A Rk, sl 9 o, il

12 000

component

2 (25) Fizs:

A=V

10 000

8 000

6 000

4000

2000

0

0 50 100 150 200 250
JEAH

>\_&}r

(a) JEUURTALA B 7y S L EL 77
10 000 F

8000 |-
g 60001
& 4000f

2000 -

0

0 50 100 150 200 250
KPEAE
(b) HrIE J AR oy i S B TR
Ko WminEaEREE T AR
Fig.9 Saturation component and its histogram comparison

243



2025 4F55 10

# £ M FH K 553 %

K9 LA H, 2% IR 4 R AR 20 A
BTG L R BT 3 A0S LR BT iy L K B A S 4%
5o P, AR SO REAT A o PR ) (R FIEE,
ARG IR AYRIRCR .

3 MBEERSHN

R T S UEA SR IE R AT, R B @
THEHESE CUMT-LIE PRAR Sk 1 MERE, £t 42 1 1&l
FORIET E B e [ | Istock, Flickr M3 L K 512
FrwJF N W oR L B . B TS MLEL & : Inter
Core 19-14900HX . CPU 2.20 GHz. GPU NVIDIA Ge-
Force GTX 4060, RAM 16GB. Window11 #4E &4t .
% A2 T H.. Matlab R2018b., 43 5] A 3= WA 5 A1 % 00

BhR 2 A5 TR AR SCRE Rl 6 vt b 1 1
SRPEBEIEATIEM o XF L BvE o B : 52 BE DR B
B ik (BPDHE)? . CLAHE #7:12% {3

(¢) SRIE (f) BIMEF

FEEMR A R I35 1% (NPE) ), 36T A s 43
15570 8 5 B3 1 (SRIE) P9, 15 4 22 B el A 53 1k
(BIMEF) *) | A i 245 e 555 119 BV 475 B0 ] Retinex B3
% (PnPRetinex) %,
3.1 FWLEIE

TECECHE 4R Y 3 85 AT I E, 5
1 R T sl ER . St 2 RIENL TAEEME .
Yt 3 MR TAEMENE, 451K 10— 12 Fiw,
I G AT DL, AR SCE A A S ]
—E R AR T R0 7 b E FN 52 . BPDHE
AR S BE A TR T, (R R R S B i, 2
o5 B TaEHE, HRG X5 84 &k, #EE 10b
FE 12b H G M B 2 . CLAHE 85 3k %5 4 b 4 5
T PG A 3 IR A T RRAE, B AEIE] 10c, &l 11c Fi
Kl 12¢ L T E B S HIA . NPE Bk
FE— B LB SR T MR R AR i, (AR 12d

(g) PnPRetinex

(h) ARSCE:

H10 #TEmma AGgaigames R

Fig.10 Enhancement results of images of underground transportation channels

(¢) SRIE (f) BIMEF

244

(g) PnPRetinex

11 RENTHEEGHHESR

Fig.11 Enhancement results of working images of coal mining machines
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Table 1 Evaluation index datas of underground transportation channels image after being enhanced by different algorithms
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Table 2 Evaluation index datas of working image of coal mining machine after being enhanced by different algorithms
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Table 3 Evaluation index datas of fully-mechanized mining face image after being enhanced by different algorithms
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Table 6 Comparison of image processing effects obtained by retaining different components
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