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IR S AR, G v S 2 X 3 ded R T AR bR A O B B S 3 IX G I R IR R, i S5 45 & CRC ( collaborative
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Vehicle logo recognition method based on feature enhancement

He Minxue, Yu Ye", Cheng Ruqiu
1. School of Computer Science and Information Engineering, Hefei University of Technology, Hefei 230009, China;
2. Anhui Province Key Laboratory of Industry Safety and Emergency Technology, Hefei 230009, China

Abstract: Objective With the rapid development of computer vision technology, the demand for intelligent and humanized
transportation systems is gradually increasing. Vehicle logo recognition ( VLR) is an important part of intelligent transporta-
tion systems, and the requirements for its recognition effect are gradually increasing. Considering the difficulty in achieving
the samples of some vehicle logos from real surveillance systems in certain areas and the cost of collecting samples and
training, the recognition of vehicle logos under small training samples still has very important application value. Vehicle

logos captured from real surveillance systems on the road suffer from the following characteristics; 1) low resolution, 2)
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easy to blur due to the movement of vehicles, and 3) easily influenced by light from the environment. Thus, the recognition
of vehicle logos is still a challenging problem. Given the fact that some vehicle logos have similar structures and part of the
vehicle logos has salient features, we consider how to enhance the overall characteristics of vehicle logos from the aspects of
symmetrical structural and local saliency, which can benefit VLR, and propose a VLR method based on feature enhance-
ment, called feature enhancement-based vehicle logo recognition (FE-VLR). Method FE-VLR comprehensively considers
the structural similarity features and local salient features of the vehicle logo and then combines them together with the
overall features of the vehicle logo to identify the vehicle logo. Based on the analysis of the structural symmetry of the left
and right parts of the vehicle logo, this study calculates the similarity value of the image block to express the similarity fea-
ture. In addition, a method for calculating salient regions based on the correlation of neighborhood blocks is proposed to
locate and extract the salient features of the vehicle logo. First, it extracts similar self-symmetrical features of vehicle logo
images and then builds an image pyramid. Under each layer of the pyramid, the overall features and local salient features of
the vehicle logos are extracted. Local salient locations are obtained by salient region detection based on the correlation of
neighborhood blocks. Finally, a collaborative representation-based classification (CRC) classifier is used to classify the
vehicle logos. CRC is a fast and effective classifier suitable for small training samples. The classifier uses the collaborative
coding of all samples in the sample dictionary to represent the prediction samples, so as to improve the recognition rate by
using the difference of the same attribute between different types of vehicle logos. Result The effectiveness of our algorithm
is evaluated on the public vehicle logo datasets Vehicle Logo Dataset from Hefei University of Technology ( HFUT-VL) and
Xiamen University Vehicle Logo Dataset (XMU) . The experimental results show that under small training samples,
FE-VLR is superior to some other traditional VLR methods and also has higher recognition rates than some convolutional
neural network-based methods. On the HFUT-VL dataset, when the number of training samples is 5, the recognition rate of
FE-VLR reaches 97. 78% , and when the number of training samples is 20, the recognition rate reaches 99.1% . On the
more complex XMU dataset, FE-VLR is more efficient and robust. When the number of training samples is equal or less
than 15, FE-VLR can improve the recognition rate by at least 7. 2% compared with overlapping enhanced patterns of orien-
ted edge magnitudes ( OE-POEM) . The experimental results show that FE-VLR always has better performance under
small samples. Conclusion The FE-VLR method increases the recognition ability of low-quality and low-resolution vehicle
logo images obtained from real surveillance systems on the road, which can better meet the needs of VLR in practical appli-
cations. The experimental results on the public HFUT-VL and XMU datasets show that in case of small samples, the recog-
nition rate of FE-VLR is higher than that of other VLR methods and better than some recognition methods based on deep
learning models.

Key words: vehicle logo recognition ( VLR) ; feature enhancement (FE) ; self-symmetrical similar features; local salient

features; the correlation degree of neighborhood blocks
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AN (2019) £ POEM FETl - 38458 171 % b6 J3E %
AERYRIR , IF 3 2o R A JR) ¥ Ak AR R IE A A L)
S PURRAIE 2 B2 A ORS BT, 7E AN ] 1) Bdie 4R R AR 1S
TR AR

BEAh, Figi 2 1k B AR o R i b BAT
AR, A R 2 R S A RE AR 2 7s J 1T 2
FEARM AR &, S8 il T3 A R 220k
e R TR 2650, Li %A (2016) &4 1 T
BN W AR A8 B A g B TR R T —
T T DI 7 SR A P2 B9 A s Ul O
2 2T EA RO T TR

N T SESRERIER A, — 2o m i ER A A B
PERTEAR G5 s A AT A 9T, i 5 53 B 915 B H)
PG A B R RS 9 AR RUIBCR . Burkhard 55 A
(2011 ) fd FHI ek B v A5 50 ok 41 I A2 b ) 48 B8, %07 vk
X EERARA T | LAY e FOANEEURS, S ] SIFT H3AiE42
IRAEARE BAHLE , T LASRAS B A AU RCR . Peng 55 A
(2015 ) £ i —FoBa (9 R0 i R SRS, 2 FBE AL
His BRRAFARAGFIR RS W T RAME R il ad b
PG R TR QRSB A 56 B8 2 { /NG R A S K115
PR KL A o3 A, 2R 22 RUOBE 4 i Y
T3 AR BB R AT RRAE SR I, e
55N (2016) % R AR K B FSE MR B 32 T —
P BE T i St —18 SRR RAE A 75 1% %05 12 A
S S AR D P B LR AR A5 ZOR SRS P 4 A
JRAG I e v A B T SR 235 T S B IR B T IR G
£ R0G TBEFTUNSCR R —ESDLIRT %
PR AR 8 A0 B R



$26%F/5FE5H8 /2021 F£5 8

BHE, I, B0/ SR REEIEMAI TR

1.2 ETFREZINFERRAGZE

BEA DR 27 2 1Y K Ji TR AEAR RO s, i TR
A AR E] TR BT E M, Huang %
N (2015) 51 A R0 I 25 3R s Fe R 1T 25 99 2%
I BAS [ A A T — A A £ 6 5 XMU ( Xiamen
University Vehicle Logo Dataset) , 504 #4075 10 28
H 11 500 #RAY 44m R, B 26 1 500 W R, e
1.000 T2k, 150 T3, 1% 77 1 A6 A
HAEIEE FIRE T 99.07% AYIAER, UEW T K
SRV ZRREAS AT LABS 55 2 Fm PR3] 9 A7 R% v /68 4
P, Huang 55 A (2017) 0 T BEAK = 4E 5t R n &2
et AR R R B R R R AR A T
— MNRZ BB T 2 2% ( convolutional meural net-
work , CNN) , i 25 n] i/ NESCH i K5O e R 24
AR MR T4 S8 ) f1 ML (support vector
machine, SVM ) | LeNet-5 F1 GoogleNet 2§ J 1,
Huang 55 A (2018a) iffi i #f Faster-RCNN ( region
CNN) A58 53 551 5 PR A A [] 1 46 AR 22 M 2% (VGG
( Visual Geometry Group)-16 Fl ResNet-50 ) £ il 19 5R
W, TEHAG AL ) bR i 4R 13RS 1 R m E b
Soon %5 A (2019) 75 R JE B B 25 [ 4% ( deep CNN,
DCNN) FBER |, i A 722 8 45 AR Ok 22 BRAH AR ]
AL ZF T04% , ITAE Huang %5 A (2015 ) #4 22 (10 5040 4
IRE]T 99 13% BRI,

2 EiEHEid

2.1 EEE4ARE
A Zobr b, BRI B 240 A R AR

AL B TEARAR B TR R FREEH 2o A R A
ALLRE gy, #R AT IR N X AR BRI 2 —
TEAR B ARRFAE IS, A0 SRAUA G IR AR bR
B RIE R TT 3 TR AR AR Z | BB o ARAT
FESE ) BOAEM R I 0 & LA T IX 0, A7 AE
— A G, R BT A A ARL, AU B
25 AU T8 I AR AR S A4 B X Bk R R LA By A
BAFA o (AP 1 B ) o BUAh, EpR R B0 5
B, — e AR BATAH R SN BT AR 1T E A B 1
5 S RERAR A i 58 3 AR , 3k 26 HAT H31 1 ) S
R AE ] LU B AT AR 02, BT Lid )
BT, X ZE AR A T3 58 00 £ JEE HE A SR T — ol
FFIE S 50 SR M B B0 T 19 4R R T ik FE-VLR, 1%
TIETE AR R AR AR A Al | 25 SRR Y F X FR
FRAMRFAE AR B 2 2RI R X BB AE AT RS, A
X R PR AIE R AT i, H v R AR A AT X 23 A A

Rtk
el

(o) IR (d) Uk

Bl 1 HFUT-VL 4 ARt i i) — L8 AR K 1%
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Fig. 2 Diagram of our algorithm
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Fig.3 Vehicle logo images ( (a) logo images with symmetrical
structure; (b) logo images with similar structure
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Fig.4 Eliminate the background around the car logo ( (a)original images; (b)horizontally Prewitt filtered images;
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Fig.5 The original image of the vehicle logo and the corresponding intensity map and saliency map

((a) original images; (b)intensity maps; (c)saliency maps; (d)saliency blocks)
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£ 4% HOG + SVM ( Llorca Z¢,2013) . SIFT + LCC
(local coordinate coding) (Ou %,2014) . OE-POEM
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Table 2 Comparison of our method with other
algorithms on HFUT-VL dataset

/%

WA KL 1R

Ak
3 4 5 10 20
HOG + SVM 92.20 92.80 92.40 95.0 96.7
SIFT + LCC 67.03 70.11 74.52 84.3 89.6
OE-POEM 96.30 97.01 97.30 98.4 98.9
FE-VLR 97.29 97.49 97.78 98.88 99.1
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Table 3 Comparison of our method with other deep
learning algorithms on HFUT-VL dataset

/%

INZRREA KR 1R

Bk
5 10 30 50 100 150
SeNet-154 71.34 85.48 93.14 95.30 96.80 98.93
ResNet50 72.37 82.41 93.13 96.20 98.38 98.97
darknet53 73.71 83.18 94.06 96.16 96.28 99.23
FE-VLR 97.78 98.88 99.13 99.43 99.45 99. 467
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Table 4 Comparison of our method with other

algorithms on XMU vehicle logo dataset
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5 10 15 20 30 50
HOG + SVM 49.85 63.24 67.36 72.14 80.87 90.27
SIFT + LCC 48.39 60.43 68.06 74.83 79.86 86.40
OE-POEM 64.11 78.54 84.48 87.26 92.06 96.40
FE-VLR 72.89 87.82 91.69 93.01 95.32 97.74
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Table 5 Comparison of our method with other deep
learning algorithms on XMU vehicle logo dataset
/%
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5 10 30 50 100 150
SeNet-154 48.41 70.75 94.31 98.66 99.57 99.82
ResNet50 39.94 71.14 94.89 97.42 99.92 99.88
darknet53 38.62 63.76 95.30 98.18 99.81 99.89
FE-VLR 72.89 87.82 95.32 97.74 98.98 98.25
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