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Abstract

Accurate detection of license plate position is a key step of License Plate Recognition System
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(LPRS). In order to improve the performance of license plate detection, this paper proposed mul-
ti-fusion inverted pyramid feature attention U-net (AUMFIF). Firstly, the original image is sent to
the improved network, and then the convolution of the original image is used to generate feature
maps at multiple levels. More feature maps with rich spatial information can be detected through
multi-layer splicing and convolution. Then, in a hierarchical form, these feature maps are fused
and connected with the inverted feature pyramid network layer by layer. The resulting feature
maps not only have rich spatial information, but also have full semantic information. Finally, the
attention mechanism is used to retain the information of important regions, and suppress irrele-
vant background regions, then the segmented image of license plate position can be obtained. In
order to verify the effectiveness of the proposed method, a series of experiments are carried out
on AOLP dataset. The experimental results show that this method can effectively improve the per-
formance of license plate position detection.
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BEE R R AR HES) A 2 PR R R, AR A AR R b 2 1 A8 I8 ). R R N[ 1) 7E 2SI B
BT R B E B ZE AR T N T PR SR L IS I N S N B SN SR
FERR ARG T EEH LA N A Ak ZE RS IR ZE R RF R A o ZE RN 52 B RS L DR ZR A R 3R
MIRZIAR K o W R A R vk I B ZE A B, MITE 8 AT IR 22D 3R . SR, TEE A TAERME T,
AT AOAS I 73 T iR VB A I 42 R A2 B . VERE 7 U-net (AU-net) [2138% N TEE2EGHE. ©LiE
TREEAT S A F MR R, HMHERN B AR IX K. 52 AU-net M8 K, ASCIRH 2 HalE
(118 & & 73573 5 1 U-net (AUMFIF).

ARSI H R 2 H T, 7RSS 2 T, ARSI SE T B AR I A G s s HOR, FRATITE
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Figure 1. Multi-fusion module
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Figure 2. Attention module
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Figure 3. Multi-fusion inverted pyramid attention U-net (AUMFIF)
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Figure 4. Horizontal fusion structure
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3.5. ZEIHIKLEH
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Figure 5. License plate image samples in different environments
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4.2. BIRENA

ST R S R B IE A ST BT B I X0 X 2 E R 2 T S AR A BRI SR AR 95 KSR B 2 KBS I 11 12 i
AL AOLP ZE KRB £ [20]BEAT IREGAE . AOLP $idia S5 G 45 /K - ff FE AE PN IR AN IR F FEE AR B, 3898 B
SORIREEE 50T 3T SR, TR — AN A R 2 R D A B . %R AR B 2049 5K AR
BGAL, W N=ATHIEE: AC HEHE681 5K). LE BIE4E(757 7)1 RP FiE4E611 7). 85 &
AT EMARFEIRE TR EEREA. £ AC BT, JUTFIrAFEARIRZACE 7 R F M EIE, XLt
PG R 7 FRHE I 58 X% T REEI . LE AR RIAE AR B IR T A B A4, A48 2 208 B =T A
FEAT AR TR 3R . RP B SR I REAS SR AE MU B2 P RAR 11

TEARSZIG T, AOLP HHi 4 (IFE A BENL 43 I SR 5 (85%) FIIREE(15%) . A T B AR VI SR EE Rk
=N TFHARE M —8:, FEARE B A0 F L BIBENLRI 7, DU ORI R =T HE 4
AIUAE r (1 H5 8 23 A KB TR .

4.3. THEFRE

FEASCH, P 10U HERRE . A BIE ., dERHEEA F-score SRITALSEIn 45 R, X LN briEas)
Z RN TR G E

1) “F# 10U

V3% 10U (mean intersection over union, M-IOU)/& — 5 T- 500 HE 1 PFAk 7738, AU T8 Lo #,
R LMEN B AR IR bR . e TH AN R R %, S5 RIN-FME IS B R 20T . i aRQ2)Fis:

! (7P), o

M-IOU = ——3
n+IZ(FN+FP+TP)

TP. FN. FP. TN jEROREREFEN 4 ANEERIDGE: TP /& HIEH](True Positive). FP J& i E i (False
Positive). FN #& 1z f(False Negative). TN & /2 ffl(True Negative).

2) #ERHEE Accuracy

LR FE R 1R IE A TIOAE AR 5 TR A BB e . ARG T FiR:

Accuracy = TP+ 1N 3)
TP+TN +FP+FN

3) # A3 Recall
B FRIR R IEF BN AR R S SRR BB R . AT Fios:

Recall = i 4
TP+ FN
4) }EFZ Precision
W B 2 ¥ 1B O I RE A S TR AR S 2 . ARG Firas:
Precision = i ()
TP+ FP

5) F-score

F-score & HIHERA AN (B3R L& 10 PP T AR, AH 2 X P ME AP . A [ R
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AR FTEUEAR AR = R BOF 2 e th, HRIE W2 (6) frn:

2 x Precision x Recall
F-score = - (6)
Precison + Recall

4.4. ZWEERSH

TEXTEESEES Y, BT AR VAL, TOU 1R A4 e il i A 3K TOU B NI e E. #ilan, 4 10U
900.5 BF, XTI XOR B, IOU KT XM BE X B o 2 ik, HORTEREA, &Y
GOREA . ARTT, AT H A 77200 2 ARG T 48 TOU H AT 0 26, SRIG s B, R R ml DLZEAS
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Figure 6. Visual histogram of mean-IOU and accuracy of AUMFIF in different
sub datasets

6. AUMFIF ZE=AN R F RS PRI T 10U FUER IR AT LR

AC BUESE RS H KT MENEREG, Hd 103 sk G HENRE, 578 sk EGHEIIZGRE. Wk
1 fin, BT I )5 AUMFIF 78 AC 48 45 L 0K N 99.76%, A [F15% 4 98.69%, F-score SN 99.00%.
FT4E /)77 AUMFIF # e T HoAth ik & 7 878 T1E AOLP-AC $idli 4 757k AUMFIF [HG I 25 54 2%
A,

Table 1. Comparison results of AUMFIF with other methods in AOLP-AC
# 1. AUMFIF 7£ AOLP-AC 5 H A5 AR LR R

Tk Precision Recall F-score

Li A [19] 98.53% 98.38% 98.45%
Hsu 2 A\[21] 91.00% 96.00% 93.43%
Selmi % A [20] 92.60% 96.80% 94.65%
Ours (AUMFIF) 99.76% 98.69% 99.00%

LE #ilEsE2fA AA S RERE RN EMEG, Hrh R RERE 2R MmEs T mir A, %
KT DA R B b, ZBRAE A 114 TREGOR T, 643 TRIEGIU A T4k, wndk 2 fror, Frdg g
777 AUMFIF 7£ LE #(#84 FHFEFERN 96.36%, 12N 92.14%, F-score N 78.39%. 45 RERNIZIT
BRI B O EIZE MG DI RE, (A 2 Li % A\[19]] 8 /& AOLP-LE ##i 4+ J77% AUMFIF [k
M2k F oy KA
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J5 HiH AUMFIF 43 #|
Figure 7. Method AUMFIF segmentation graph in AOLP-AC dataset
& 7. 753 AUMFIF #£ AOLP-AC #iiE&ETHH EIE

Table 2. Comparison results of AUMFIF with other methods in AOLP-LE
# 2. AUMFIF 7£ AOLP-LE 5 H A /5 AL 4R

Fik Precision Recall F-score

Li ZA\[19] 97.75% 97.62% 97.68%
Hsu £ A\ [21] 91.00% 95.00% 92.96%
Selmi % A [20] 93.50% 93.30% 93.39%
Ours (AUMFIF) 96.36% 92.14% 78.39%

Jii HiE AUMEIF 43 # &

Figure 8. Method AUMFIF segmentation graph in AOLP-LE dataset
[ 8. 757%& AUMFIF 7£ AOLP-LE $UiE&EHH o EIE

RP 4 S0 & AN IA) 1 B ARt 2 i A% . 92 e FMG F Tk, 519 TREUEH Tk, Wik 3 Fiw,
AT TTIEAE RP BUESE FKFS )% . BRI F-score 451N 99.75%. 99.27%F1 98.77%. & 9 BRT
AOLP-RP # b 773 AUMFIF B 45 57 251K

Table 3. Comparison results of AUMFIF with other methods in AOLP-RP
# 3. AUMFIF 7£ AOLP-RP 5 H i /5 AL R

Fik Precision Recall F-score

Li % A[19] 95.28% 95.58% 95.43%
Hsu 25 A[21] 91.00% 94.00% 92.48%
Selmi 2 A[20] 92.90% 96.20% 94.52%
Ours (AUMFIF) 99.75% 99.27% 98.77%
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Figure 9. Method AUMFIF segmentation graph in AOLP-RP dataset
9. 737% AUMFIF 7£ AOLP-RP HiiE&E M EIE
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Z G I8 B e 7 BTER 7] U-net (AUMFIF) 22 TVER /7 AU-net B0t AR FITHR H 0T i
JS2FH T 42 RSN AT E 2 iR 5 5 22 RO 181 B 67 15 FPN U456 8, IV B TSR IUR R AR,
AUMFIF ST ARAS 2 = 5 (i SRR i 445 B BRI U BB SKIRZRAEW], 207 ke A
RO e B AR IR RS A T R
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