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Abstract: With the intelligent development of urban traffic, accurate and efficient access to available parking
spaces is essential to solve the increasingly difficult problem of parking difficulties. Therefore, this paper
proposes a deep convolutional neural network parking occupancy detection algorithm based on non-local
operation. For the image characteristics of parking spaces, non-local operations are introduced, the similarity
between distant pixels is measured, and the high-frequency features of the edges are directly obtained. The local
details are obtained by using small convolution kernels, and the network is trained in an end-to-end manner. In
the experiment, the network structure is optimized by setting different convolution kernel sizes and non-local
module layers. The experimental results show that compared with the traditional texture feature-based parking
space occupancy detection algorithm, the proposed algorithm has significant advantages in both prediction
accuracy and generalization performance of the model. At the same time, compared with the currently widely
used convolutional neural network based on local feature extraction, the algorithm also has great advantages. In

real scenes, the algorithm also has high precision and has practical application value.

Key words: Parking space occupancy detection; Texture feature; Convolutional neural network; Non-local

operation

Wehs E: 2019-05-17; BB EH: 2020-01-045 PIZSHIR:  2020-07-01

*EEFEHE: £E wangyu001@jlu.edu.cn

HETIH . B EEB R AR S BRI b S 37 6 IF & (2018YFC0830100),  [H 5K H 4R FH43E 42 (61672259, 61876070), [H 5K HREl#IE 4
FAER I 4 (61602203), T AR R JE TR E 5 RHERE A 91 H (20180201064SF), A 87575 4 A A2 4:(20180520020JH)
Foundation Items: The Intelligent Court Intelligent Service Technology Research and Support Platform Development (2018 YFC0830100),
The National Natural Science Foundation of China (61672259, 61876070), The National Natural Science Foundation of China Youth Science
Foundation (61602203), The Key Scientific and Technological R & D Projects of Jilin Province Science and Technology Development
Plan(20180201064SF), Jilin Province Outstanding Young Talent Fund Project (20180520020JH)


http://radars.ie.ac.cn/CN/10.11999/JEIT190349

2270 B 7 5 F

2 %

42 %

1 5§

TR, RERENYEEREEEEL, FE%
e LROR R . B R BT A, TP
GRERI NI . RO ZEADIR S,
IR SR T 5 2 5 il LA R
AR AL Gu15 25 3738 5 ) P b R A B s A I 4
RE, LRI 2, mH— AL R R
BEAS I — AN ZER0RAS, MORIE I T Al AH %,
B E SR PR AR, AN A IR P A
ROR L PEARECA, R AT CLE #0542 3 ) P LA
8, SREZHAAEER. 28K, PIREICgiR
H 2 PTG R I 5. 200248 DanP 2 B
B AL ) B BT SVM2r 25 . 20074E Tsaizi A\
T AR ZE A TR 324 1 A R R, AR TR 3N AH AT 24
PEAEN—A 500, HEUERHE B 7 IEASVMH
2%, 20135FHuangF AP H —Ff D2 I HELE,
WS oA 2B (B HEAT3DERE, 2flih, Delibaltovas
N OV S7 oA 25 A (R AR AL B, SR B ZE R LB P Al
TBLHEHFE, £idSVMA2E, Ftitirans, iHH
ZERHAE R AL AR AR A IR, AT AR I 45 4 6 R
. ERFERZES N TR0 EARESE, F
FA S R BN LA 2 R B SE I AT 5 R RO, A
TATHRFAE (R e e Bk R FE Az At Re, R
M, Bsedy s A 2R, AN T8 R e 1
—, EPOIEARRE SR TATH, 8 B AR
s, MR, MEERES M, i KE
P vy 38 o I AR, AR B Bl SRR, IR 4T
Hufg s 7N TR E Rz A i 2 RO, [N
I, AR SR el 3 R T AR R B AR VR BE
BRI E Wk, AR R BRI &
NG RIREAE, TR BAE FH /N5 AR A% SR G = 3 2
TREE. SEIG R, RRMGBRMEEN, LEARR
A o AR B 2 BORIAS [F) R ~F 26 BPUZ X RS 28 (1) 52
EPKLotIICNRPark i AME B B SE L, 5
FE 45 (3 T SUBASAE 7 V2R T U 48 X 4% 7 ¥
FHEE, FEEAREREE, fERS s B Sbr
N FHAME -

ASCHL IR 2T HAR AT H
o7 b A S5 371 R AR SR SE IR 45 A4
Brs B4 A AR T BV TR S 3 B AR I AL
B B REEOEEERK,

2 ETIERRIENRESIRBEMLE
2.1 IESEBIRIE

LR, BAIRE WAL T LA S Sk 7S

TR, B RERE SR — R R R,

GRELREGR S RELR, SR —E B KR
H R DX 380 A B ARRAIE , d i 39 s AR ZHGR LA /)
FHIE. SR, X0 7 A RHAIE A& 38 - A R, T
H, EEMINGRZE, A2 iAol g m
FE, AT, HRGERaE S .

Ak R AR AR i R AB R R T IR 2 e AU YN -
mean! ORI &b B[] 7 5145 B 1) Self-attention ™ 5
%o AERHERAE H Wang % AND23 H, 32 Ul
A ARSI E IR AEE N E SRR )=
RaeESREMEE, TiERE2RERE, miER
0 28 1 LA Rl A KRR B IS 8] 81 A A 8] R A4E S
LD G T IERARAE R — B E o

v = ﬁ S Fai w5)g(z;) (1)
Vi

X)PeRrmANGES (B R B WIRHE),
yRoRF A ST, vy RSF 5ot R o R S
HAE S A E (S B, B2 &R5], fEH
— AN IR S R R BE B SRR (1 BRI BT
PLE ) AN, — e g NG SR BT
Wi B bR £, C(2) R H— R 1

ERFEEZETHAEMNENV)EE, Mk,
2 PR 2 L 0 B N 1) SR 350 AR 3805 2 I AR AN
(Ban, MFIDRSASMERZ, i —1<j <i+1),
AR EAE AR T A8, A6 R EEF
R AR ACL P X AN B RS AE RO, T 4 T
ERAE N 2 I BA K IR E S5, EE M
BIOAG RS SRR, A
BHREEEm AN ST, BERTHEGR.

N T B NI BT ek T, R
W B JR i AR 2R i fa s . AN

WzY + X (2)

X (2) T Wz A S AUE, "+ X"RoR — MR E
B, ZONREHR o R S AR AN O Y 4
FIRTE LT, ATRE R R SRS N B AT T 251K
W2 gEATIE R 2] . DU IAE B (B ) N,
BTV 4 R 1 — A S A0 19 J=) A5 e oy S50 1 20
T, AR T R S A R S, T

flai,x;) = 0T (z:)p(z;) (3)

i (3) HHHR N T 0(z:) =Wezi, ¢(x;)=Wyz;, Wy
W 9 19 4% 11 5h % 1 00 BUME . o B 5
gls) = Wys, W,RREN 3% 51 HUE . IH— 1k
HFC (@) =D f@iws), SRR, HTR(1),
i, ﬁ >, F (i, A 4 P jfgsoftma
HHER, MR )50



9 PRI AE: BT AR SR AR AR IR R B A AR 42 I 2% ZE A |7 PRSI vk 2271
y = softmax(z' Wy Wy x)g(x) (4) BRI, TR B R R A I EC R, AT

F1h i ARFIER X RSINxHxW xC,
N Abatchsize, HANERE, WRNTERE, CliEIEZE
e HoG, ASCULI ARG 5 A% R SE A
W FIWe ASBUE, FFiXE EA10EEE N
C/2, XFEIMEA IR T 1/ 2000 FAARMN . R
M, XV BRI EARM IR R R KR, EidrE
PMgZ Ja G Im2x 21 e KAEMAL )=, XA TR
JRE R R, O R L /AT R . B
Ja, ALEEW N 1IBENVIGH I GZ, H
B0, MRS H Z5 N X 2 A A [F R
SN x Hx W x O,
2.2 HHBILEH

PSRN AT, TR AE Y B R I — R
M), AmatodE ANMHE HmAlexnet % 3 H £5 /K £%
F T ff A5 22467 5 AU 1) @, mAlexnet A5 32
GREM2ZE&ERZ, MbAlexnet™, HEFGE
EEIM L ERAE DRI S8 F5L b, TR
P EALENR, 50 LT o 4R B kA ZE A BRI 4

NxHx Wx C

NxHx Wx C/2
-
o
NxHx Wx C/2
NxHx WxHW

NxHx Wx C/2
-«
vl
NxHx Wx C/2
‘ 0:1x1, oc=C/2‘
A

Nx C/2x Hx W
o
NxHx Wx C/2
’0:1><1,/00:C/j T
A

li)a NxHx Wx C

G mzzg I} mmEg Q sy

g1x1, 0c=C/2

1 AR ALk

SRR R SD G m s B . R, B R EUR
FRE, S BRIRIEN SR 25T A7 B
P B0 A5 BRI AR RIS .

EIS AR gk, Hrp/NE R R B
BAE, KRR RIEREERE, SRR aiEs:
FERME T, HMAGEHIANERZE, 525 H
5x 517N AL SR AR B S0 G 5 R A, A 3
JREBE R4 RYFIE, BANERZEZ AR
PRSI EReLU, RN ER S 2 JF AR
HHALE, SRIG4 T2 4 3 2 Msoftmax bR B0
HPmaE R, FUZEERZAF6NMHE T, B
QEMEEF2INMA L. FEE1EEEREE R
50% ffJDropout A L2 1E T A 45 AE in HRAs 2 (i S5
FEFEMEIE A . SBINERUZ 32 AN RS R
5x5MER, BT HEIANERZ RN E 4 E
A, BEIUREBR, AXKESBZIEINLEKRN
4, FABSHREURIEE. f£552, BIZERZH W
BN, RN EEE64), 2
ARG A 305 B o K AR R i e N 214 246
BEZ G, BRZ I &EE BAHEE 4t e
JRERAEER I, B B S B RS BIE A, Al
PEEUHRFAE B A 2 TN o 2R

X5, PKLot s 4 Kl A 18] = B A5
BHAG—, mNEEMEENT8RM31MERL
8], K AT AT 176 M85 R 2 1A, A
SCAE AR I8 BT A SN R 88— li224 x 224 R

2 =4 AR

ik (3/2) 5

+
EL

) |

EREL A=
(5x5x32) g

BRZE2
(5x5x64)

HRE3

Ak =
Kitho (5x5x64) B3 (96) 2

AE B iERL A2

3 RS R I



2272 B 7 5 F

2 %

42 %

o IFREATRENLENES, U7 AR B SRR R EE
%, LL64TKBEHLIT RLIST 1) B Ry — Nt B I 2
o PRk, SR IR, AR TR R AR
TERNR BRI N 2% . LB TTIRMEE 41 T35

(1) A AL, SIAARREERE, Ed
A5 )5 B LR S A A I P R AR OB 2R, B
fIRHE B B AR SRBOZ TR E B A R

(2) W NEPZAM R MO TEE, M
SREMR. 2ReERER, ARSI EE.

(3) ASCHEIRAEPK Lot i #hs 4 b U 8 a )
W2 RIS SR K2 A BE 7). FE R SE st R A
EHER R

3 SERRERMTH

IR S EPERE, A SCTEPK Lot £ 4 A1
CNRPark#(#i4E Fid {75056 . PKLot 07695899
KIEELIEF, 7 NUFPRO4, UFPROSAIPUCPR
3NTHE, BT HEMIINZ LR 2 e F N
L1, FrAE A ERIEE K. WRMZ =S K
&R, 1630 AN, BLS minf I [E] R BE, 4393
fEUFPRAIPUCPR ' AMFE a4k . CNRPark
R AL 12584545 A B o LIS 2 1 5 ™
B, QIR EE SR, WA WS
CNRParktl & E AR fr, A T8RN XS
IR S Hp R A I I B AS S Al B EAN I B B 0
CNRPark 4% B2 AR, 58 450 0 5 o 2 452 242
AL s 3% 5

A AF H TensorflowHE 2L I 2Rk AL, BT A5 15K
§ #4823 FIntel (R) Core (TM) i7-7800X CPU @
4 GHz, 64 GB RAMAIH 5k NVIDIA GeForce
GTX 1080 Ti GPU%EH. 1 Adamfliib 2%, 8
BEHL = 30 R B AR B BUZAUE, W E B RREYIS
BUEIME N0, FRAEZEN0.01, ¥ B W E Y] {HE
0. BEHLMNPKLot MR EE & H — - AE NI UE£E,
SEIS R, SERIZR12FCBREE, A4 2% 5 45 s
B BAPUE, MR, MR
URE BEA RIS, /N2 ST 3R, B S R &
BON0.01, FFe¥lZabe5dE, 2 S KR
10%.

3.1 BRI

Amatos§ N AR IHMEH3E G EM2)Z 4%
e E mAlexnet i TR R 8, AR, TEAR L
B, O R R B A A A R R AR, E
FH3EGREM2Z&EEZEREM 2 b, WA H
B AZ RS X AR 2 A s, [R] A 3 AR SR
R, DA S5 . AT K ILUFPRO4A!
UFPROSHIAAHBEM AL T PUCPR, WL H

5t. UFPRO4%ERD, FIT I, Bk, AXLE
UFPRO4IZEE FGER, SRG/EUFPRO4,
UFPRO5SHMPUCPRMIALE F A5 A P Re .

B\, REFIEEREZ FENER L,
FEo BB BN 33, 5x5, 7T, 9x9F
11x11. EUFPRO4VIZREE LillZR12%8, Kl4(a)H
SRR AR R k. ATUUE N, 1
g 1% INgk, 5F RS B 2R 2 3790 % LA
F, Hipsxs5ERZHERRE S; Miasi, B
9x O BRI AE S 5 R UE R A it T 1%, HiAd 5
BHew R SR ETbs fET~12%, ERR L
TP, EH128, 3x3, 5xbHIHERZE N99.97%,
99.90%, MM9x9, 11x11HHEME R H99.44% M
99.40%, ULHHE/INERIZIIGHERTES TERASE
Bl

Kl4(b), 4(c), 4(d)H 7 a4 HEUFPROA4,
UFPROSHPUCPRIMNGRAE b A58 o ity i e 7 22
M2k, UFPRO4MASE L, 3x3, 5x5, 7xTHIHEH
FMGHEIL, 9x9, 11x11H 8% 5, MAEUFPRO5
AMPUCPRIMREE L, INEREZM T RKEBZIKBL
FEMBE, K14 H T 5125 V41 10 1 R %)
b, RAE3x3MIIZRiEry F i s, SRMmE3AT
AR E5xSIHER R A e 1. BRI, ASCIKE
BRI RS N5x5. S FHAANEEH AR &35
By, AR LR 7 kses, M5 x50
BUZTEOLT, AL, 2, 32 R R LT
WERR . EISNEAL, 2, 326 R S i ik i
28 El, TEUFPRO4VIZR AN R b (E5(a),
K5(b)) 3R E B LF T HERI R 22, 25 A [F] 73
REUFPRO5, PUCPR L, {#3)2 k5 &A%
BRI, R2VEMLE T 125 A B ERCE R A
AERR RN L . B 2e, ASCHE 32 R R AR
B, EEEMREZ FYENERTED, [
5x51/NERUZ

P A=RYR R R YNE S i S AL N
AL T HRFAEE . EI6 RN — 5K 5 A B
W2 | A HE S, B 1ERHE R T b s . H
HE6(a) WA 1EGTZ 2 J5 325K T HR1E K
AR AL SE R, FEI6(b) 325k T HREAE AR I eh & (1)
FRAER, 1B6(c) NEd 5512 AR R b 2 ) ) 325K
THHEE AT AL EE R, E6(d) A NG 2 5 s
TEE. AR, RHIEE R R RS SN, AER
AR ARG I R B R AR, T RIEE
3.2 BIBREANILI

¥4, fEUFPRO4, UFPROSHMIPUCPR 341
BIEES AL, BIEEMMNIRE Fsegs, &



91

L A4

BT AR R B R AR VR BB A 2 R 2 AL o5 AR I S0

2273

R4 WIELAS 7 99.85%, 99.60%, 99.92% Ik HE
K, R3IUGHT AT E S mAlexnet J7VEM AL T
SUHEFE I LP QI LA K M E fl A 77 v A v A 2R

TEANRTEL

Rl

IR 2

PlERETES

R ES

1.00

0.98

0.96

1.0

0.9

0.8

0.7

0.6

1.00

0.99 ¢

0.98

0.97

0.96

0.95

1.00

0.98

0.96

0.94

0.92

0.90

JREAERST, ARIOTNEMB T HA I ERA
ARIRHIHER R H . SR, IR SLI8 (A AE %
B AdEsE, RIFE-—FansmE N, XARE

TARMATINENVERE, B, FAETHdhdk

1.00

0.99
& 098
“
E o097
0.96
0.95
1.00
0.95
i?é 0.90
«“
E 085
0.80
* MR =3 0.75
« RF=5
Ry =17
BRF=9
« R =11

4 AR RUE T K HERR 2 i 2

.p--‘--y""‘-q
0 2 4 6 8 10 12
IEAE IR
(a) UFPRO4VIIZ54E
M .A/;‘""‘ e el =
)(-.\(.—X"W‘"u Rl
el o
:r')
0 2 4 6 8 10 12
EAREE IR
(c) UFPRO5YIA4E
F o o e
0 2 4 6 8 10 12
IEARER IR
(a) UFPRO4/I| 254
0 2 4 6 8 10 12

LR
(c) UFPRO5#I 4

1.000

0.995 r

IR HET =

= 0.980
0.975 1

0.970

1.00

0.98

0.96

0.94

I A 2%

0.92

0.90

VR R G
+ 2R AR R B
* 3R AR R B

0.990 r
0.985 r

" - ‘__‘__,___.._4--0--
’ - -
S

AR IR
(b) UFPRO4I R4

AR IR
(d) PUCPRl 4

0 2 4 6 8 10 12
BAREIR
(b) UFPRO4JI AR
it -7
W
A~°—*~¢¢'
0 2 4 6 8 10 12

AR TR
(d) PUCPRlX 4

P 5 ANIE)Z B AR R AL A T R £



2274 B 7 5 F

2 %

42 %

EENNNEEE
EEEEEEEN
EEENEEEN
ENEEEEEN
(a) BRUZTHRHAER
EENSEEEN
ENENESEN
BEENEEEES
SEEEEENS

(c) R EB AT RHE &I B

(b) BRUZ A RHIE

(d) AR B
i 2 R

6 FTHLALHIARRAE

1 FRIERZRTHEREIEMITEL (%)

% 4 TR ERIPKLot FEIRERIMREHZR (%)

BRERS I Ml
UFPRO04 UFPRO5 PUCPR
3 99.97 99.74 96.40 97.48
5 99.90 99.78 97.67 97.85
7 99.56 99.72 96.00 96.78
9 99.44 99.41 94.81 96.38
11 99.41 99.25 92.18 95.39

& 2 TREIRBEAEDEERAVEREIFMITEL (%)

pllRrv i

AEFHBIVEE IR UFPR04 UFPR05 PUCPR

1 99.90 99.78 97.67 97.85
2 99.96 99.81 97.65 97.55
3 99.95 99.85 98.55 98.35

IS MR pun o
KRITT 98.55
mAlexnet! 93.29
UFPRO5
LPQg!" 84.92
Max 88.33
UFPRO04 —
KRITT 98.31
mAlexnet! 08.27
PUCPR
LPQg!" 84.25
Mean 88.40
KRITT 94.45
mAlexnet! 93.69
UFPRO4
LPQg!" 85.76
Mean 85.53
UFPRO05 —
KRITT 95.87
mAlexnet! 02.72
PUCPR
LPQu!"” 87.74
Mean 89.83
KRITT 99.24
mAlexnet! 98.03
UFPRO4
LPQg!" 87.15
M .
PUCPR ean 88.88
KRITT 98.89
Al [14] .
UFPRO5 mAlexnet 96.00
LBPri* 89.78
Mean 84.20

# 3 TR EMPKLot FHIEE RN ERHE(%)

s UFPRO04 UFPRO5 PUCPR
i SE UFPRO4 UFPRO5 PUCPR
ARSI 99.85 99.62 99.92
mAlexnet 99.54 99.49 99.90
LPQu 99.50 98.90 99.58
Mean 99.64 99.30 99.61

(AT 22 N RMIAR, 435904 P 1A - B 2 )11 25
B, SR HAR 2N FEE E R RE . 7E
Fah, KU ITEMHBmAlexnet HIEH E 1%~
3RAERIFAR S, R, (LG T L% TR
HAEI0% HIHER R .
3.3 HuR&ELIE
CNRPark##5 4 LW PK Lot %48 45 56 35 25K
M5, A CHECNRPark S 5 K6 3R 7 11
PACRE 1o NIRRT TE], SEFRLE2 dIRHIE] Y3

TP PKLot i 4 (B 5 AR R AHUFPRO4,
UFPROSHIPUCPR T #4548 ) I R Y o AR H B4
FEE, MRCNRParkZHE 4 mH R AT« 2> 5820 b i3
PR REMESY, RS W R O R . A
CNRPark##in (5 ik th 42 B . BRI DA 2 fE
B ZEAL B R 43 34l B4 15005K, FFREML
MAERZH R 10007k B A TR RS . AR S
ECNRPark 4 #84 bR 261£91.2%, mAlexnet
HE82.90%, TMLPQAILBP R4 63%~65% K
Ho RNTREDEPIA RGO, BT IREESE 2
T ERCR W B TSN TR k. A
SCEE RE AL B G ARE R, X TR R
SRS TmAlexnet 775 SR, X T B U
£, wrk SHE T ORI EALIAR,  TUR TR
HREB0% LA, WA O Tk wens X 40 5 2
o BETE ARSIy 15 HARS TR 7123 il fE CNR-
Park A ¥4 . 32 B4 . 5 R 0P RN 5% B A
AR R 25T L



%593 FBZ 5 4

BT AR R B R AR VR BB A 2 R 2 AL o5 AR I S0 2275

100.00 —orzn

80.00 8? 00 79.60 5% 78.00

R (%)

.-"/ 64.60
- m OU i % Q 60.404&00 50.20 49.60 00
40.00 / \ 7 46. 30 48.00 7
| 7 27 Z
ME WI I mg ggm% \ é

63 80 64 20 90

AT mAlexnet LPQu LPQg LBPri
JitEA
M CNRPark B RAER M EER @R

K 7 PKLot, CNRPark £ 5 4 [8] 512 46 HE i 254 LA IR 1A

4 HESpzMiK

AT T BRI AE JS g s RCR . A H
TensorFlow ServingHE 4R AL 5 22 2w, ilid
T R AN I 2% 5545 3k (15 DS-2CD1021FD-IW1
6 mmFERR ) AT EDCRE e E AL E,
ARSLTTESAETAZ LA BRI 55 1t ] v bl B b
NTHEEZAL, HNEMEID, T2 EAT
AL BIDME BARME B json X . 182 5 AT I IS 2
G son S, MRAEA B E S BB HIFE

A, FHARESTIH K A B KIEZE =i, B
BAFRERIEE R . E8(a), KEI8(b)NTHEMAKE:
A LR X E T d R kil 45 5 . Horh I8 (a)
FERIARE, E8(b) B v R Ak, RllHE N AL
PLidFIREFR IR,  “Occupied” £x b HIRE,
“Vacant” RRTHIRES . EF XTI AL A
fHEOL, R 28AN R AL IEFAS I H 274 EAIRES
P E) 284 ZE A7 A IEAf ATl HH 264 ZEAL IR A, A
HA v B DURS B2 o

(a) FA4RE

(b) BIaHAHE

P 8 [ IR 232 7R A6r o R DA DN 4

5 ZEWRiE

ASSRERAE AT G o ARSI 1) e b, A% e ) 2
T ORI S, AFAEZ AL RE S ZE ER R AR )
A, AR T ERR R R I I, SR AR A
%%T%iﬁ ASCHR BT AR R SR A IR

PR 22 W 208 B, A /N AR B IR o8 400 1
ﬁ,ﬂéﬁﬁﬁﬁﬁ BRI A BRI 4 R
PRFE . RIS S5 RRY, AHVERATRS MAER
ANEE SRz AVERE X T RN 4242 o PG I Fr) ik
FLAE, ARG NI 5 AL SR U PR e i
HIERE LR, WHERLFEFNAL, ™
BRERS L. PRI, BRI R R AR 4 A
R TG B BRI R, DS KB
e (B2 S T R BT B

& F x|

[] CAICEDO F, BLAZQUEZ C, and MIRANDA P.

Prediction of parking space availability in real time[J].
Ezpert Systems with Applications, 2012, 39(8): 7281-7290.
doi: 10.1016/j.eswa.2012.01.091.

[2] DEL POSTIGO C G, TORRES J, and MENENDEZ J M.
Vacant parking area estimation through background
subtraction and transience map analysis[J]. IET Intelligent
Transport Systems, 2015, 9(9): 835-841. doi: 10.1049/iet-
its.2014.0090.

[3] DAN N. Parking management system and method[P]. US,
20030144890, 2003.

[4] TSAIL W, HSIEH J W, and FAN K C. Vehicle detection
using normalized color and edge map[J]. IEEE Transactions
on Image Processing, 2007, 16(3): 850-864. doi: 10.1109/
tip.2007.891147.

[5) HUANG C C, TAI Yushu, and WANG S J. Vacant parking
space detection based on plane-based Bayesian hierarchical
framework[J]. IEEE Transactions on Circuits and Systems

for Video Technology, 2013, 23(9): 1598-1610. doi: 10.1109/


http://dx.doi.org/10.1016/j.eswa.2012.01.091
http://dx.doi.org/10.1016/j.eswa.2012.01.091
http://dx.doi.org/10.1049/iet-its.2014.0090
http://dx.doi.org/10.1049/iet-its.2014.0090
http://dx.doi.org/10.1049/iet-its.2014.0090
http://dx.doi.org/10.1109/tip.2007.891147
http://dx.doi.org/10.1109/tip.2007.891147
http://dx.doi.org/10.1109/tip.2007.891147
http://dx.doi.org/10.1109/tcsvt.2013.2254961
http://dx.doi.org/10.1109/tcsvt.2013.2254961
http://dx.doi.org/10.1016/j.eswa.2012.01.091
http://dx.doi.org/10.1016/j.eswa.2012.01.091
http://dx.doi.org/10.1049/iet-its.2014.0090
http://dx.doi.org/10.1049/iet-its.2014.0090
http://dx.doi.org/10.1049/iet-its.2014.0090
http://dx.doi.org/10.1109/tip.2007.891147
http://dx.doi.org/10.1109/tip.2007.891147
http://dx.doi.org/10.1109/tip.2007.891147
http://dx.doi.org/10.1109/tcsvt.2013.2254961
http://dx.doi.org/10.1109/tcsvt.2013.2254961

2276 B 7 5

=]

¥k

42 %

(6]

[7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

tesvt.2013.2254961.

DELIBALTOV D, WU Wencheng, LOCE R P, et al.
Parking lot occupancy determination from lamp-post
camera images[C]. The 16th International IEEE Conference
on Intelligent Transportation Systems, The Hague,
Netherlands, 2013: 2387-2392. doi: 10.1109/itsc.2013.
6728584.

LECUN Y, BENGIO Y, and HINTON G E. Deep
learning[J]. Nature, 2015, 521(7553): 436-444. doi: 10.1038/
naturel4539.

DE ALMEID P R L, OLIVEIRA L S, BRITTO JR A S, et
al. PKLot—a robust dataset for parking lot classification[J].
Eaxpert Systems with Applications, 2015, 42(11): 4937-4949.
doi: 10.1016/j.eswa.2015.02.009.

AMATO G, CARRARA F, FALCHI F, et al. Car parking
occupancy detection using smart camera networks and deep
learning[C]. 2016 IEEE Symposium on Computers and
Communication, Messina, Italy, 2016: 1212-1217. doi:
10.1109/iscc.2016.7543901.

BUADES A, COLL B, and MOREL J M. A non-local
algorithm for image denoising[C]. 2005 IEEE Computer
Society Conference on Computer Vision and Pattern
Recognition, San Diego, USA, 2005: 60-65. doi: 10.1109/
cvpr.2005.38.

VASWANI A, SHAZEER N, PARMAR N, et al. Attention
is all you need[C]. The 31st Conference on Neural
Information Processing Systems, Long Beach, USA, 2017:
5998-6008.

WANG Xiaolong, GIRSHICK R, GUPTA A, et al. Non-
local neural networks[C]. 2018 IEEE/CVF Conference on
Computer Vision and Pattern Recognition, Salt Lake City,
USA, 2018: 7794-7803. doi: 10.1109/cvpr.2018.00813.

HE Kaiming, ZHANG Xiangyu, REN Shaoqing, et al. Deep
residual learning for image recognition[C]. 2016 IEEE
Conference on Computer Vision and Pattern Recognition,
Las Vegas, USA, 2016: 770-778. doi: 10.1109/cvpr.2016.90.
AMATO G, CARRARA F, FALCHI F, et al. Deep learning

[15]

[16]

[17]

[18]

[19]

HEZ L

k

E"i/](?

+*

E: B, 19834FE,

for decentralized parking lot occupancy detection[J]. Ezpert
Systems with Applications, 2017, 72: 327-334. doi: 10.1016/
j-eswa.2016.10.055.

KRIZHEVSKY A, SUTSKEVER I, and HINTON G E.
ImageNet classification with deep convolutional neural
networks[C]. The 25th International Conference on Neural
Information Processing Systems, Red Hook, USA, 2012:
1097-1105.

NURULLAYEV S and LEE S W. Generalized parking
occupancy analysis based on dilated convolutional neural
network[J]. Sensors, 2019, 19(2): 277. doi: 10.3390/
519020277.

OJANSIVU V and HEIKKILA J. Blur insensitive texture
classification using local phase quantization[C]. The 3rd
International Conference on Image and Signal Processing,
Cherbourg-Octeville, France, 2008: 236-243. doi:
10.1007/978-3-540-69905-7 27.

RAHTU E, HEIKKILA J, OJANSIVU V, et al. Local phase
quantization for blur-insensitive image analysis[J]. Image
and Vision Computing, 2012, 30(8): 501-512. doi: 10.1016/
j-imavis.2012.04.001.

OJALA T, PIETIKAINEN M, and MAENPAA T.
Multiresolution gray-scale and rotation invariant texture
classification with local binary patterns[J]. IEEE
Transactions on Pattern Analysis and Machine Intelligence,

2002, 24(7): 971-987. doi: 10.1109/tpami.2002.1017623.

B, 195844, o, #3%, A7 BRI SR
WA ZHARME R4, WEsEHIHEAR

P B, 199584, WidA, WHFts v B A BEE B

Wl

5, 196444, L, BIEEE, BHITT IO B4R S
AiRH) BREEHI G IRA RS

s, B, BTN B AL S
X ZRAE BEA

TS RO


http://dx.doi.org/10.1109/tcsvt.2013.2254961
http://dx.doi.org/10.1109/itsc.2013.6728584
http://dx.doi.org/10.1109/itsc.2013.6728584
http://dx.doi.org/10.1038/nature14539
http://dx.doi.org/10.1038/nature14539
http://dx.doi.org/10.1038/nature14539
http://dx.doi.org/10.1016/j.eswa.2015.02.009
http://dx.doi.org/10.1016/j.eswa.2015.02.009
http://dx.doi.org/10.1109/iscc.2016.7543901
http://dx.doi.org/10.1109/cvpr.2005.38
http://dx.doi.org/10.1109/cvpr.2005.38
http://dx.doi.org/10.1109/cvpr.2018.00813
http://dx.doi.org/10.1109/cvpr.2016.90
http://dx.doi.org/10.1109/cvpr.2016.90
http://dx.doi.org/10.1109/cvpr.2016.90
http://dx.doi.org/10.1016/j.eswa.2016.10.055
http://dx.doi.org/10.1016/j.eswa.2016.10.055
http://dx.doi.org/10.1016/j.eswa.2016.10.055
http://dx.doi.org/10.3390/s19020277
http://dx.doi.org/10.3390/s19020277
http://dx.doi.org/10.3390/s19020277
http://dx.doi.org/10.1007/978-3-540-69905-7_27
http://dx.doi.org/10.1016/j.imavis.2012.04.001
http://dx.doi.org/10.1016/j.imavis.2012.04.001
http://dx.doi.org/10.1016/j.imavis.2012.04.001
http://dx.doi.org/10.1109/tpami.2002.1017623
http://dx.doi.org/10.1109/tpami.2002.1017623
http://dx.doi.org/10.1109/tcsvt.2013.2254961
http://dx.doi.org/10.1109/itsc.2013.6728584
http://dx.doi.org/10.1109/itsc.2013.6728584
http://dx.doi.org/10.1038/nature14539
http://dx.doi.org/10.1038/nature14539
http://dx.doi.org/10.1038/nature14539
http://dx.doi.org/10.1016/j.eswa.2015.02.009
http://dx.doi.org/10.1016/j.eswa.2015.02.009
http://dx.doi.org/10.1109/iscc.2016.7543901
http://dx.doi.org/10.1109/cvpr.2005.38
http://dx.doi.org/10.1109/cvpr.2005.38
http://dx.doi.org/10.1109/cvpr.2018.00813
http://dx.doi.org/10.1109/cvpr.2016.90
http://dx.doi.org/10.1109/cvpr.2016.90
http://dx.doi.org/10.1109/cvpr.2016.90
http://dx.doi.org/10.1016/j.eswa.2016.10.055
http://dx.doi.org/10.1016/j.eswa.2016.10.055
http://dx.doi.org/10.1016/j.eswa.2016.10.055
http://dx.doi.org/10.3390/s19020277
http://dx.doi.org/10.3390/s19020277
http://dx.doi.org/10.3390/s19020277
http://dx.doi.org/10.1007/978-3-540-69905-7_27
http://dx.doi.org/10.1016/j.imavis.2012.04.001
http://dx.doi.org/10.1016/j.imavis.2012.04.001
http://dx.doi.org/10.1016/j.imavis.2012.04.001
http://dx.doi.org/10.1109/tpami.2002.1017623
http://dx.doi.org/10.1109/tpami.2002.1017623
http://dx.doi.org/10.1109/tcsvt.2013.2254961
http://dx.doi.org/10.1109/itsc.2013.6728584
http://dx.doi.org/10.1109/itsc.2013.6728584
http://dx.doi.org/10.1038/nature14539
http://dx.doi.org/10.1038/nature14539
http://dx.doi.org/10.1038/nature14539
http://dx.doi.org/10.1016/j.eswa.2015.02.009
http://dx.doi.org/10.1016/j.eswa.2015.02.009
http://dx.doi.org/10.1109/iscc.2016.7543901
http://dx.doi.org/10.1109/cvpr.2005.38
http://dx.doi.org/10.1109/cvpr.2005.38
http://dx.doi.org/10.1109/cvpr.2018.00813
http://dx.doi.org/10.1109/cvpr.2016.90
http://dx.doi.org/10.1109/cvpr.2016.90
http://dx.doi.org/10.1109/cvpr.2016.90
http://dx.doi.org/10.1016/j.eswa.2016.10.055
http://dx.doi.org/10.1016/j.eswa.2016.10.055
http://dx.doi.org/10.1016/j.eswa.2016.10.055
http://dx.doi.org/10.3390/s19020277
http://dx.doi.org/10.3390/s19020277
http://dx.doi.org/10.3390/s19020277
http://dx.doi.org/10.1007/978-3-540-69905-7_27
http://dx.doi.org/10.1016/j.imavis.2012.04.001
http://dx.doi.org/10.1016/j.imavis.2012.04.001
http://dx.doi.org/10.1016/j.imavis.2012.04.001
http://dx.doi.org/10.1109/tpami.2002.1017623
http://dx.doi.org/10.1109/tpami.2002.1017623

