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Abstract

The real-time detection of road empty parking spaces is a key link to solve the difficulty of urban
parking. This paper proposes an improved faster RCNN deep learning road empty parking space de-
tection method. First, use the K-means clustering algorithm to cluster the labeled boxes to obtain
suitable vacant parking space shape features; then, adjust the regional proposal box network (RPN)
framework so that the network can extract more data features; finally, use soft The NMS algorithm
extracts boxes that may contain targets. The experimental results show that the proposed method has
better detection results for road empty parking spaces. The accuracy of the collected road empty
parking space detection data set reaches 95.3%, which is 2% higher than the faster RCNN method.
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anchors J& T IEFEAR B AEA, FERIFH L SHE RN H S HUE IE anchors 3RAFAEHf 15 IEHE . ROI Pooling 1%
ARSI N BV RHIE BRI EAE , 255 1K 285 B P U EHERFAE I, 12 N5 28 442 2 H) e B bRl
Classification | F i HEARFAE B TR IEHE 1) S0, [ 385 320 A [] VA 25 B0 A5 DN ATE g 2% FRAS B oL
B, R S 2 B DU E e [ 5 ]

I ARV A o) s 3R AT A o A A X 28 PR A N0 s R AR £ R T I 28 = S 2 BB s R R
resnet50 WX 25 IRFAE 4 7385 X 4% feature pyramid networks [12]$E B 2 B RRAE, X I8 150HE 9 256 AF il
WOHE, o 28 s ) S SCHE R AT I I RTI Hs JROM R X I ALK R AR RE B A TR R 7 > 7 R/ R A P Je T
W — RV EREZ 5B TR AFAE ] . Faster RCNN PR RUEZE G0 14 1 Fiors o

e
s
[ I B S ;
anchor X B i A . i WS HE 35 [
ey % SRR RIEER i
- W
FROLHR S B KRR T % ROIpooling BY AL e

Figure 1. Flow chart of faster RCNN algorithm framework
1. Faster RCNN B R IEZRIEE]
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%2 EAL B PSSR anchor KT8 LL, 3@ I AN [R] B B I A Ps R AE AE A 1) anchor A8 HIER A%, AR — R H
FRAEZ I, FEH soft AER R HMH 77 20k i H AR .

3.1. X ISHEM 4% (Regional proposals network){&iZHE 5

DX 358 i S A DX 28 FE RO AIE J2 e B A, AW = A RRE, =R sEton 1210 120 2:1, &t
AR 9 AR RER) anchor, {HXf TIERK S A5t FANVEH TR B A TR LK . AR
KL k-means RTHHRE R AAHEK T8 LEIEAT SRS, USRI IE A SCHIE 821 anchor RS . I Tz it 7 5%
AR RS B 22 S8R, AR SCR A 5 RS [R] ST o 7E Faster RCNN 775 HT, anchor #2313 € 17, YOLOV2
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Ao Frlldid 10U & T W FRISE S R, {1 ZEM box R /NIG K

d (box, centroid) = 1 - 10U (box, centroid) (1)

A ground truth i FAHER k NSEIEHE(Anchor) 22 3T EL(IOU)E . S5 box: sk FHHdE, X
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Table 1. k-means clustering results

%% 1. k-means BRER

% i AT
0.56 0.064 0.109333
0.59 0.604 0.738738
0.82 0.2 0.3582681

3.2. XIEESIEM 4L (Regional proposals network)HEZSHEE

RPN F 275 JF 45 MG AL A B AE, AR 2 5 RHIE RN S UR BHER 2 TR — AN G &R, 7EARAEIE B
TR B N AR IEAE, AARIERIGEG DR BIMEIEAE . X3 UHE P 28 52 4 5 FH (full Convolution) 4%, H
SR FH T D0 22 A L A B AR B E N . B 5, RH 512 MIlIE, 3 x 3 kernel MBRE, RE2HA
FHATI 1 x 1 kernel FBFE, 1XEFUZ 188 £ = B REA SU(BEAS anchor) BT B2 AR HE(RIEAE K HI£L
&, EIXWAIATH L x 1 B, R T 280, R B R R A LM, BMEiEHEPA
HArE 2 8A Bbr, 2T HREEEMAA%AE, BT 81 anchor X M k AMEIEHE, &— MEILEHER
PANBUERP A AT, FMEZR K NRZR) BT LLRE—AN anchor X B 4t S22 —AS 2K 4 (1 1a) &, WO A2
M7 REREH 2K AVETE, PANIEEE P ME S a2 B bR a2, [FFEmiEse, A
IRHGHRERL BAS B BB LS, BT 8— anchor X8 k MEIEHE, &F—MEIEHES 4 M7 EBUEK, v,
w, h)ATLARE—> anchor X B %t B1Zo —AS 4K 4E &, S A MG 4K NMliE . A5
TEX IR IS RN — 248 3 x 3, KN 1, padding A 1 FIEFZ, A BT HECE 2 K405 R,
PEmAEREE . SR RPN VA2 B an &l 2 Frs.
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Figure 2. Flow chart of fine-tuning RPN
& 2. #iF RPN BORFZE
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3.3. soft-AEAR K AEHH

Faster RCNN 7 X 35 g e AE [ 25 4k HE b BAS H R B/ BEHE P (PR e 3 IO v R & H ARV, R H
AERR RAE H ) A il boxes (BN IAERK AR /5 H proposal boxes), P4 A S FH B KAE #0# H R R =&
EHM R Z RO EE)NE 1, HS 5 Ak I A7 B AH 3R AR 0] 30 ] BAS FE A2 e K HE,
I R BRAT,  soft JEAR KB 0% EHELS 73 AN 2 B KB ELIE 2 I 1540 T AN & ELEE N BR

22 ) AR ORAE FI I B2 TOU KT BIME B & H 13 238 E N 0, Al RAR W T

{si, I0U(m,b,) < N,

3
0,10U(m,b,)> N, ®

JERR KA ELHKE MR FTE ToU KT BUEMAE, soft JERR AR I VA AR & Hu iR 10U KT
ERIHE, TRFFICHESERE, WTUMEE T soft JEH AL N f 5 22 B BUE A . RAIL RN
BUR, BEHON 1 - 10U, S liniin 51N sigma Z240, 1 R 4G AR IR SART, BRI 0 B 1.

5,,10U(m, b;) < N,
= “)

S

5;(1-10U(m, b,)), 10U (m, ) = N,
b AR FEAE, s )2 b HEF 1SSy, N, RAMNEMH K EIME, N, BEREN 0.5, b M m KEI{HE

FEK, b Ao s, T BT

4. IRERE

A EEIGUESR A faster RCNN ETE B 45 22 AAS I ()81 i) A Rk o 2 BB TE B4 A2 A A I s
W E . SKIAR, PrikEENERE D TR EE .

4.1. SEHNgE

AL SRy SO TE I S AL, RARHI AN A R BRI SRR 1168 5KIE . A
(R 6HE T RO TE B 52 4 ol AR n 1] 3 B

Figure 3. Road parking space images under different illumination

B 3. TRARTHEREFMEIG

SEIGIAEERE:, {E windows #:17E 2 %t, Intel(R) CPU E5-2698 V4@2.20GHZ, RAM(256GB)AL 7 %,
SIGERAT K python ZAEiE S, FEMIREE Y JHESE Pytorch FEATEIY ISR TN . LA ESRIRIRET Ry
Bk E T AR

1) faster RCNN [FJAFAIE 52 OGS U280 A B 2215200, FFAESE U T 4% Mobilenet. resnet50+FPN.
resnetl 01+FPN IS EL 25, = EIGIFIRELAT resnet50+FPN AE g W 28 A4 E S B T W 28 A5 T 4 Ao A
A
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2) faster RCNN 5 #£[¥] faster RCNN [XF LU o34, 32BN} anchor 4EBE 52, A% RPN W45 HELL,
VR UE v R AL S AR AL, S EEIGUE VR A1) faster RCNN £ 8 B 45 A A I (A 2801k

9T RAIE BT ¢ B HROAS [ Bk SIS 25 AT B, AR SCR A BUR 8 EFR bR AT VR P S HE A R
(AP)~ “FHIAFEIZ(AR) HHEFIHERI 2 (Map). AP $81 P-R(precision-Recall) {1 £k NTHIAL, Map HJ %2k
AP B -3MH

et =% = TP/(TP + FP) HIFl% = TP/(TP+ FN)

TP 53 FAF IR IEAEATT LA SERE IEAEAR BB 7, FP 200 RaR O R IEREAE SR EAGZ IERE
AT, Precision B2 “ 70 KA N IESTF B SR IERIIHR > & A 20 RN R IEEIT ]
FN 270 R8N PR AESEBR EAGR ARG, Recall & “ 702K A08 2 IERIF Hf SR IE2KK)
Ao T A B SRR IR LR o BT ISR R E, DUR A X HE SR .

4.2. $FAERREUE TRILEXIEE o4

AERF AR ECE T 2% F F) ] mobilenetv2. resnet50+feature pyramid networks. resnetl(l-+feature
pyramid networks {EXJ LLEEEG, Al 45 5 A I 25 $2H resnet101+feature pyramid networks Lt mobilenetv2 2%
RIUT, resnetSO+feature pyramid networks Lt resnet101+feature pyramid networks #& IR R £ 47 . M EEL
resnetS0+FPN P2 {2 faster RCNN FFAESRHUE T/ 45 o LT F4% /2 faster RCNN RFAESZ I 240 LL A
5. A IL resnetSO+FPN A ARHE B HUE T W 285 K M B R BL T o faster RCNN AR UK 28 %] A 285
R 2 fros.

Table 2. Faster-RCNN feature extraction network comparison experiment

%% 2. Faster-RCNN $FEHE BY 4% 3 bk SC6

i o 44 AP MAP
1 mobilenet 92.3 72.4
2 resnet] 01+FPN 92.7 73.5
3 resnet50+FPN 933 79

4.3. VEELAY faster RCNN B SEI LERutEL 45347

NT LR FEN) faster RCNN 5 faster RCNN FLVERE M, AT 4 B M JE 5 %€ anchor 45 %
X, BB X SR AEM 4, & SRS ECE A R AL H AR BELE] = AN THAEX HE . SEEGRUR I an
Kl 4 pis.

0 500 1000 1500 2000 2500 3000 3500 0 250 500 750 1000 1250 1500 1750 1000 1250 1500 1750

Figure 4. Test results in different environments and lighting
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ST #E ] faster RCNN 5 faster RCNN HVEMA NE, 72BN Z A A% anchor 455 5K, 25
X SR VHEM 2, A2 75 A RS OCE v e AL B AR B = AN J7 THAEXS B, Faster-RCNN X} LG AR5V
P bR I R an g 3 fs .

Table 3. Faster-RCNN comparative test evaluation index detection effect
5% 3. Faster-RCNN X EE IR BE TN FE FRAE MR

e backbone anchor nms rpn RO AP, . map, o AR™ 0’_’;';_;;“"
1 resnet50-+fpn 7 /vl? ”rr‘ AL 93.3 79 83.8
2 resnet50+fpn = S 5 (e 93.4 79.5 84.5
3 resnet50+fpn & & = BN 94.3 79.1 84.8
4 resnet50+fpn = 2= & S 94.2 79.8 84.8
5 resnet50+fpn P & = e 95.3 80.3 85.4

JEFF 3 HT: backbone $5 1) /& faster RCNN FREFEEUMN 4%, anchor ¥5 2 7ERFE B _E [PIRFAE s Lo 21
JE B AEHE,  AER B IIH] (nms),  XIBARIEHE RIS (RPN), AP 1§ iou = 0.5 WHERIFEIAETHE, AP {Hig
()RR 5 7 R R 28 F 7 BRI TR map,, 005 16 iou = 0.5 3] 0.95 [IBIET-EIKE M AR Do~ 4
iou = 0.5 £ 0.95 Fi 2 HAr 408 100 FFHEIZE . DL resnet50+FPN AR AR SE B 261 2 R 232
(AP). PMEFIIUETZE(MAP) P B FRIZEAREST N 93.3+ 79, 83.8. T %M faster RCNN &%
FIF resnet50+FPN WIS EFAEHE L, F B TAEAFEFH K-means RSB EXT anchor 4 B TSR HUE M E %
RN HE4E anchor KB LE, 1 X I UM ) 4 SREUSE 22 IR RRAE . FIF soft EAR M| SvL R
Frl e H bR 36 45 R FE W, JA%E() faster RCNN 5 faster RCNN AH EUAE #6168 25 ZE A0 BB

5. g5

R R BB R, A M= NMEINEE OB AN RN G E, T B B K4
Wk, AEHGA G TE AR X AT, DLORAR DRA5 22 XEAS 22 B IS (1 1), DA T B 10 22
AEAS I L AR AR AT T EAR ) . AR SCHE T faster RCNN AU B2k bar I 25 42067, F M TAEA

1) ASCRIA E SRR TE AL A T ER 4R, MR 2odia 48 1 22 53 A SR Y SRS BEI3 anchor
FHC T8 LLREAT B, DIIRAE & A AR R 2 AL — SR K BE L

2) AN X WHE I 28 HESRBEAT S, 39— 208 3 x 3, KON 1, padding 4 1 ERZ,
e 19X 2% SR DU 22 ) B R AL

3) EMBEHERIEHUH A HARR anchor FFREATHE ] JH A4 B WCHE SR 5 4K H A5 BLA HEREI/ N EEHEF
(LA TR T RE AL & HARAIAER),  ARARORINHISFE L A boxes I B H S XK BN 0, 2iE R
H R L » A SR Y soft EAR A S35 SR U 7T e B2 H AR AOAE . I %2 19 faster RCNN 553 5 faster RCN
SVEXT L sz gah, TE RS AL S HET FRIE B 95.3%, IME-FHHER 21k 2] 80.3%, ~FIH Al %A
| 85.4%, *J LU faster RCNN SR AEF S HERG 2 . AT HER 2 L P2 H BIRIEN 4R 2 35T T 2%,
1.3%, 1.6%. AFIELE B LR RN E S, BN RS HE AT RCR AR R, #TFK
KA I LN B S I 3R T Sk R RS 12
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