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Lightweight container damage detection based on improved Retinex
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Abstract: In order to improve the efficiency of multi-class container damage detection in complex yard environment, a lightweight
container damage detection method based on improved RETINEX is proposed. The method mainly consists of two parts, image
preprocessing and lightweight target detection: In image preprocessing stage, the luminance channel component is introduced and
optimized, and when applying the multi-scale Retinex processing method to it, a bilateral filter is used instead of the traditional Gaussian
filter to retain the edge details of the original object; the value domain conversion function is improved to reduce the loss of image data;
and a color protection is obtained through the calculation of the color balancing strategy factor, which is multiplied with the pixel points
of each channel of the original RGB image to get the enhanced image. In target detection stage, MobileNetv3, a lightweight network with
improved attention mechanism, is introduced into the YOLOvS backbone network to construct a text-based target detection network, so as
to validate the port container images. The experimental results show that the method helps the target detection network to extract richer
feature information in complex port environments such as low illumination, and the average detection accuracy of multiple container
damage types is improved by 1. 4% to 95. 1%, and the model volume is only 20. 5 MB, which is a significant advantage compared with
multiple mainstream detection algorithms, and it can satisfy the actual detection needs of port containers, proving the effectiveness of the
method in this paper.
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Fig. 1  Flow chart of improved Retinex algorithm

with luminance channel

B, B8 M5 12 R Retinex J7 857 BRI 19 5
JEAr i Int (x, y) SEATORACSE T vk, SR AR Pl 3R
Wi i — 20 A RGO | LA PR B IR O (80 1 LS
B, AT TE A R 8 18 () ff R A BRI RS
LI F A, 00 OR 5 245 2] 10 RS AR st ' 1]
ANEE IR [RIBPPR S R A A H AR R

(1) FE—RI 2L FML R JST 608 25 o) o, 35 R G
EM& Y RGBSl B = R 1, 1, 1, A5 BTt
RN W

() = 5 ey + 1) + Lo ] (2)

(2) R ¥ £ R Retinex 2 % MSR AY T8 2 &
(1)), x5 B o AR AR A AR B

Intyg(x,y) = 2 ::ka {loglnt(x,y) —log[ Int(x,y) -
Fi(x,y) 11 (3)

(3) NI Z 0 AR AHTT, R JHTH BR R B
eI B 5 2, FRAR AR 8 B8 0 2 ) 5 B8 DR/ 3 T P 0
(A TR il VI R O T S 3 NS R o F R i A/
S

Intyg.(x,y) =1,

Int,(x,y) =255 x . (4)
Kreg,, ML Intyg(x, y) B S/ IME R ECR AR, 38 o
HREY REMGB R, ¥ F UG I 3 2536 B, 52 9050 60
TR,

(4) B i iE KRR R SRR B, i 4 5UR
K& RGB 3@I& 1, I, 1, PR ERZRT] A

B =Max[1,(i) ,1,(i) ,1,(i) ] (5)

(5) B, THEE AR PR3P D A B A58 5 B o B
FeAE H Y e/ ME
255 Int,(x,y)
?’]nt(x,y) (6)

(o) (6) THE M A 5 REAH RCB EIHRHY
AN IEIE R R ST, dJn RS Sk S R AR g
Y Retinex BILEME R, (v, v) :

RA(x,y)=A '[R,(;,B(x,y) (7)

3) Bk R A

el T I D PR S A A Ak L e ) 34 5 A A i
HEA A, SR, = il 7E 1 0 R AU & T2 8
BRZIAIM A R B I B IR %ISR R EA Y
ARBLRE B AL 2R  33 B R B T BRI A (14 W], 7T e 2%
SEOCEMR Al RN

AN, A SRR IR AT RS e ny e R
R FHXLGA 358 8% 35925 ( bilateral filtering, BF) 03] Sl BARAL 5
B T I T v, LSS ISR Y PR G s ROR . WA
RS R ARE 22 AT T JHE (] I St 1 2 )l (5 2R [A] A A
XL E ) FP B (R R A A B SRR L) |, PRI R
TEARASF R 1 55 40 5 175 I 14 ) i A 200 25 B M e, DT 3¢
3 RIS B A 9 SR A AR B A G s IRIR

G, BOYRTAL BEAR R A bR A (x, ) R HL A
AARR A (m, n) B A B R RN

2, S ) W(a,y,m,n)

A = Min[

B(x,y) = (8)
Y ZMVHW(x,y,m,n)
W(x,y,m,n)=W(x,y) x W (m,n) (9)
W) =ep(- U ELE g
I f(x,y) = f(m,n) |°

W.(x,y) =exp( Py ) (1)

A (x, y) of (my n) 5330 T AR R AR W, (,
Y)W, (e, ) SRR b T3 0 25 S ¥
F TR o, X I TS IR 25 RAL o, KR
S, DA 320 08 0 A v A () 24 b A AN R o i R
W(x, y, m, n) RAEAR KA (x, y) SUA, P0G E
#5755 1 S0P 8 801 4 o 10 Sk
B (x, v) M (x, y) 2R U8 51k Ak B 15 2] 1914
E(-

P FEXTSE B i e (%, y) BEATAL BRI, b )5
HITHR AT

S (e Weyom.n)

B, (x,y)= (12)
’ 2, W(x,y,m,n)

K
Int g (%) = 2 k:lwli[loglm(xvy) - logB,, (x,y) ]
(13)




. 236 - S 1[I I IV = 3

539 &

KB, (x, ) FAICGI AR SE BE 43 1 22 X0 I8 0k
WSS RN MR B A Int (2, v) ST ARCGHIEP 275
R R SE ot

AN =X (13) X B E #E AT X B T B G T3
EIE T 1Y 17 B0, A it X — i) B, A SOk Rl ]
Sigmoid R AT I Sigmoid PR R] LA R
FADL Tog BREHITZR (13T 23Rt | I REAE A S i1 (AT 2542
TE[0, 1], Brr Rk X (14) Fios, sk %
mE 2 frs,

Sigmoid(x) =

1+ (14)

2, AR SR AL S B i Int g (x, v) 3R
ERWNT .
Int(x,y) ]

K . .
Inty(x,y) = 2 k:ka[SlngId B, (x.y) (15)
Int ’

Sigmoid PRELAYT | A A RLEE G 1 N %) Fi ke i iz 55

2 4 6 8 10
Kl 2 Sigmoid PR EE

Fig.2 Sigmoid function image

Al RE B DB L, JCT A AR 25 R IEA T IE , DT R
BETEAR IR B A R R B I ETEE T, SE B S A
SE ELRS 0 00 5000 A 4 A Ak BRAYCR,

BRI SCHGE R 2 R Retinex B 45 34 58 5 1k
MR 3 s,

% e
;ﬁ?)\ B& RS
RCB(X,Y) KA

» R /2 [nr(x,y)~H Sigmoid H gﬁ H i“%
ﬂ 3 Wy

e » [m(x,y)H SigmoidH %ﬁ |—>| %E

R E B
Rups(x, )

K3 ARSCMEHE R AT R AR

Fig. 3 Improved algorithm calculation flow chart in this paper

1.2 BREWHKIE YOLOVS BRI M %

YOLOvS H B o 45 >0 I — [y B ) H A A6 0 )
2 A A HE AL T — A AR S BERLA 3 P RRAR,
YOLOvSs ., YOLOvSm Fll YOLOvS1, A& A% 4K e $2: T, [+]
I D00 4% 52 24 AR R 88 G T S AR, O ST AR A
PGS A RS T 5 3 R | AR S 5 R ARG A R
B0 YOLOVS1 P2 Jf x5 H 4745 A ab B, D) 4 47 46
SBEFEA A3 AG I P g A 3 3 2 ] ) B (A

YOLOvS HAn#6 0 /9 2% 3= %ty A 35 (input) , £
2% (buckbone) | FEF R4 ( neck ) A% H 3 ( output ) 4 il
OIHE L, A SCHE R AE E T W4 AR Gl A Bk B
MobileNetv3 4282 M4 MobileNetv3 H Google [ BA
B E—FhiR e TR 2 N 4% ( convolutional neural
network , CNN) "7 4K 7R T HiT AN WA P G IR JBE 1] 43
G RVR R 3R 22 MR BT 7E 08/ > 2880 1 ] i, S 2
EEGARFIE (5 G, IR R 91 o i O i 2 I 2%
JEA 48 2 (neural architecture search, NAS) " 47 & [&A%
T2, AR SCR Gk S ) MobileNetv3 _small Jig

K, B, EREMKEL AERTE N E
He (convolutional block attention module, CBAM) "™ 111 [&]

4 P,
ik
#ﬁEFn

FANET
B
( — 1 1( L 1
® »&
Mec Ms
Fig.4  Convolutional attention module structure diagram

K4 GRUERREAY

TR R IRR N .
F =M(F)®F (16)
F'=M(F') ®@F (17)

K. F O AR, M, s L, —E SRR
LSRN F M, has Bl i), st Fr
CBAM A IF 7 138 5 25 4] 2 6] (9 6 07 5 72, R
FHRABEZE VLS, 59 SE i ib 4 & 1L
2OV b T A 2 R A0 07 A SR i ) R B E



59 FE TR Retinex FYE LS HAERAR B TN - 237 -
B E BN 5 s MeAh , 753 block TR)JZ MRSy, filf f(x) =x -+ sigmoid(Bx) (18)
JHI h-swish 80 BRI AL swish 0T pR R, Horh fEf 4L h — swish(x) = x FEUE+3) (19)
HEF A0 1B 6 /9 ReLU BREL 1L 2 IR LA DS TR e
JER , R A R OR T 29 15% , h-swish AT A 20 ReLU = max(0,x) (20)
Wr. e 2% S5 SN R 1 R

F1 BHEMELEHSE
Table 1 Improved network structure parameters

Input Operator exp size out SE CBAM NL stride
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14x14x40 bneck ,5%5 144 48 — VvV HS 1
14x14x40 bneck ,5%5 288 96 — Vv HS 2
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7x7%96 bneck,5%5 576 96 — Vv HS 1
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Ix1x1 024 Conv2d,1x1,NBN — 1 000 — — — 1
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Fig. 5 The improved YOLOvVS network structure diagram in this paper
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Table 2 Comparison of quality data of overexposed

container images under different algorithms

LIRS (3SR FrifE2 SRR
Ji ik R AR R 7.58 61.76 148. 46
SSR 6.39 30.24 65.52
MSR 6.76 37.31 69. 76
MSRCR 6. 81 32.26 140. 25
RSP 7. 60 65.01 488.52

x3 ARBEETERERFEEGHREHEN L
Table 3 Comparison of quality data of dim

container images under different algorithms

MRk =N FrifE2 SEHIRE R
SRR IR LSRR R 5.73 28.95 56.21
SSR 5.36 12.31 16. 46
MSR 5.85 18.34 18.39
MSRCR 5.34 11.04 41.90
AR 7.06 36. 80 462.27
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Table 4 Comparison of ablation results

SIBSJFS MobileNetV3  CBAM  mAP/% W./MB  WiZ/fps
1 95.8 46.5 59.7
2 vV 92.6 18.3 74.9
3 VvV vV 95. 1 20.5 72.4
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Table S Detection algorithm performance comparison
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Fig. 8 Visual detection results of different improved methods experiments
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Table 6 Comparison of detection results of
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Fig. 9 Comparison of visual results of detection effects of different image enhancement algorithms
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