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Abstract

Abstract

A Smart Garage System Based on Object Detection Algorithm

When people drive back home, fetching remote control to open garage gate is a
distraction, it’s neither convenient nor safe. Even though automatic parking lot gate is
widely used in most commercial centers and companies, which can recognize the license
plate number and switch the gate accordingly, they’re not applicable for civil home garage
uses or installations. These gates are expensive and require customization for different
use cases. With the improvement in speed and cost of computer hardware, and the
breakthrough of computer vision technology, we can build a low cost and stable smart
garage system for home use now.

This paper discusses the algorithm and implementation of a home smart garage
system, including its hardware and software designs and their implementations. The paper
includes the design and tradeoff of the algorithms for license plate recognition, car front
or car rear recognition. The methods and software for automatically controlling garage
gate and garage light while user enters or leaves garage are discussed. This paper also
addresses the methods for remote control of the garage without leaking user personal
information and presents the design and implementation of a browser-server based
graphical user interface for the functionalities above.

In the first part, this paper introduces an object detection algorithm, and how to
detect and recognize license plate number as well as car front / car rear with this algorithm,
including the algorithm design and improvements. The data gathering, data cleaning, data
labelling, model training procedures of this deep learning algorithm are described with
details. The result shows that the presented detection algorithm could successfully
identify the car plate numbers as well as car front or rear.

In the second part, this paper presents the methods of hardware communication. This
includes computer and embedded device communication; how to improve and control
non-smart garage gate, light or alarm with Bluetooth or radio frequency signals, as well
as the implementations. The experiments show that, after hardware installations, the
program this paper presents could control non-smart devices with ethernet remotely and
wirelessly.

Following the hardware part is the graphical user interface part. This paper compares



Abstract

different approaches to build a user interface for a control center. It presents a browser-
server based graphical user interface design, the implementation of a server-side program,
and of a user interface. The server-side program this paper writes enables users to control
their garage devices with smart phones, tablets or PCs.

In the last part, this paper describes how to compose the algorithm, devices and user
interface in a Linux operating system, to build a complete smart garage system that can
be useful for home garage users. The presented system has been running for 18 months.

It works stably at daytime. It has given people a lot of convenience.

Keywords:
Object Detection, Deep Learning, License Plate Recognition, Raspberry Pi, Ruby
on Rails, YOLO.
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F28 ETHSRUEENFKEERR

2.1 B INSEE ST R TR

PRSI REA IR 280, H o BEA R FH €0 2 18] A R (9 R 6 B2 1) 28 3t
Jiik, XAEET SVM s HABKER 298 L1071k, ARSUR MR TR E 2 I 1)
Jiidie

KRBT IRFE S S5, R BRI O i) — U2 tH LI T B R 71 . A
R PR 2] ) S SR BB AR R AU EAT I ncafe i o R AR L 4 K /NEE:,
XREME R ARG BT E A LBV, (HEIME R SR Z , DR 1 Z8UR
%, PR o SRR B I AT T S ERAR e T, KRB HOR L IR 5
HAEH T GPU HHTiFH, ARKM CPU, A GPU —f&t% 0%t (CUDA #.50)
Zi5 1280 LA E, ZH CPU H 4 8 &0 LA

RESRAS SO B AR MK A IR R 48, BRI GPU AITHENLAR B 2 B 1355
B IE K RE RS B B S, RIS SRS R A GPU O Nvidia 22 & GTX 1060
6G GPU, iX— GPU 7ESZ50 58 U IERA, BRI LA 43 58 Bt AT 5%, 1EE A
GPU H A&t T H BRI R GRS TAERAUN A 756 A EAZ 1 30%4
Hi, B 35% Wi R C(utility) A1 2.2GB A4 GPU 2124 (2.2 / 6 GPU
Memory). FE/RERTANIEE 18 A H i ELRE St o] DABS — %, AcktiAfy /i ] LALE
IRA B T AR, BAE 2018 SEASCHEAT BN, AR Hf R AT Lo
1080P #LHALL 25 MisEdd (FPS) H3H B HEAT S IR 27 =) H ARA I i) /NS ik A\ 5
B MXT CPU MNAFR &, AT SEIOHEL T H)2 AMD A "] 427
f¥) Ryzen 7 1700 8 #%.0» CPU A1 2133MHz 16GB DDR4 [N A7iC 424k (Memory),
{H S BRASE FH B, % FE 21 CPU 7E AR B 2 B AT S5 AUC A 58 Sk A% 1% 11 1080P
25FPS ¥R KkIZ ) GPU L, #ZIEAEFHIfhTH, LI E CEwBEVET, Bt
EAMETURECE 50%09 CPU (DUZ O FIPAE (LR #BR AT DA 61
TEATS
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2.2 YOLO Bt & w4

YOLO (You Only Look Once: Unified, Real-Time Object Detection) 572 /& 2%
i K %% (University of Washington) (] P47 %% Joseph Redmon 5 Ali Farhadi T~ 2016
FE/E Computer Vision and Pattern Recognition £ F R R —ksit ™, HE1FEH
MR R T B A YOLO9000™, 7E 2018 4F, 1EE A% AN [F 15 1 #
HIEust, 5T YOLO-v3 WA B bRkl %, A SCHTR R T
YOLO-v3, LAR#FRJY YOLO &k,

YOLO FUAMEZEH AN —igE 2N AL Hir, UL HIRSE
TURA I RGP A E . 25600k UE, AATER BN . BT, A

BE—IEE R I, DL BRI 7, 72 B i B . BB ¥ A i
FEAL B T AERE S, XN J7HE R AR B R 22 B A TR (R K A0 2 ELARD A2 3
ANTTHEM TEAN o RS SRR L E B E AR L, IR X 28 B G e A% B
e

BE FE R EL , NG Jap, BESFTIRIEN A, BARPTERL B IRTAL R |
DEARR . TEFE RN Ax, y, w, b, IS ATETRIIEFE R, S5 0 AR T Be T DA
B

F@) = {(ci, xi, vi Wi, i), o, (€5, %1, Vi, Wi, 1)} e, 2.1

Hei, JAAEMEFR.
MmE gt fE e, BN TR IINZREE UG S AR R 1 B ARG B, fiH s
B RLFHE IR 27 ST BRUARNE S EUSS  (feature extractor) #% filter S 4.

2.3 YOLO %5 HAh B ARl % i LL

FEASCAE# T 2018 AT H Frta il Bk, EERAT B 5H% /2 Faster R-CNN
23t J5 i Mask R-CNN®“ SSD (Single Shot Multibox Detector) “#1 YOLO.

Mask R-CNN 5 SDD. YOLO #EZ X HI{ET, Mask R-CNN 2R K I 1P
RIS TE (Region based two-stage detector) . 15 25 25 il A6 A2 45 2 AT LIRS fify 14
W H B —ME R AUR TR B AR, 4R TTRE XA E A e B A F AN AR /) 380
Ks 10 7 AP ELEAGR A B — A5 AE, F R A ZE 8 H AR WA ISR 2 1
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S BT HARTTEAL B AT, 3. FIREETEAL B H AR —2K
) B RR R, B HAE T A E IR R 22 X 2 43 i) R H AR I AN H AR 2RI
VB o FESEBRBEER DU LLE T, R-CNN AN E S, BRap e
EMWIE (FPS) fE=ANREF RN, WRATFEGEIANN 50T, X—Hik
PR EANLE 53 SN Bl SRR O B A

SSD HiEA YOLO Bkl &—2P (single-stage) H bl i, YOLO K
W 4% 45 ¥ SRR N3 B3 (1 4% (End-to-End), B2 — U HENH B b A7 B A1
SERHEN ok o 38 BAS [F) fUFE T IEAE R A o 72, SSD TSl e L UF 8732 Mk
WEHE, e R IEFEH AR YOLO 7258 — WA o U R A 98 ANtz . 11 J5 1918
FI NMS (Non-Max-Suppression) KT EEHE )4,

7518 YOLO.SSD His& Mask R-CNN, Al AITHI #ERA HAH Z #A 22, A ATTH) COCO
mAP (COCO VIIZ:#E, mean Average Precision) #B7E 30mAP Fffir**, {H YOLO it
T HARPRAN VLM 7E T, YOLO M E AR P, JL-F72 SSD321 Hikf =
432 — (YOLO /SSD321 =22ms / 61ms). & mAP AL 5%, (HIEEHEE |
EL K F 925 523 1) FPN (Feature pyramid network) ] 172 ZFH LI 85%.

FT I, A SCUATE S G BRI AR 45 rprer e AU B2 5 R %, YOLO
BVEBR T AR BRI EE . 2, H— BRBIFREE TR R A A
R 3 UL, K ENUE S 2% 5 o R TN 2-3 4R, R
F T s i BE (R SR T BT, A3 0 o B R W IR T RE T Skig AT
—AE55, BEIAFTE © Mask R-CNN KDkl 5%: = YOLO 5 SSD Wik
B IETR KRR, B BN/ (3% 4 mAP ZER T4 3 5 3RS,
I HAAES PR IF A COCO BaR&ER Bhrn 2, Bt FIoib A AN LS
A LA SE R IAE 5, #mifiie YOLO $iik, kg SSD Bk H=. YOLO &k
WAEFTIE™, I HAT VIR Z R SR 0N S (iU e A 8, (R A3 R P SE I vl 4,
WAL X TTERE TTER 1 TR A SRS AN SR, A AR T NS B R N AT BA Y 2
IRZ WA, XFbE 7 — S5 HAh H AR 1 H AR Rl S R J5 e, ARSCiEH T YOLO
BOEAT R B e R G0 HARR AT 55
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24 REEINRBI KEEFNI 75 R BUEERE

RSO 1 St SER R PN R S R AR 55 1 =R RIS, IRBAE
fEH YOLO SEMRS AR IR, 1B AR A5 5 D 456 [F e B 2
PRI 1 2 R PO RS IR ZEAT A 41, T PR AE L it o 3 o i e i skt 2R L) 7
2, LA RIAT ARG N FRBE G- 00 7 15 o TERRERIN I 77, W5 K BRI 25
PRVERIERE, K AE S SO R ZE ZE I T E TRV E RN A, AR IR ARvE
PRARIEATHAIR , AR]85 S R il 2 B R A bR i A2

R BERLTN 1 51—

B RAE I IR AR IRAN R, S EAA T2, HWInZEM
EMEIES R AR, RSB, ERTEEEN, ERTE R AT LA
R4, ANRTEH WS P R XFHR R B CRR M . BRAA ST DU I H A5
(object), NG EENZRRHIH A NZEREEL.

BT X AR, ARSCHE RSO K A E M — 1) B AR Ctarget), Ik
— AR, AU BRI RS, R B AR B YRR I g e, R e
WoIR A X — 4, BIASERAESs, B YOLO Sk BN R MK HAR: HARZEH
M4k, BAREMZER.

TR E R T 252 K BAREMM &AM LI, X8 O [F — &/
B, ARARERIEIT . MR, HORANE. WEEATARE, AL,

St s, HkE AT IR BX — & 4 BER AR

R ITVE R I EAE T, X — BRI IR (False Positive) HL#IAEH &, K
Gr/NEREE, BEBOAR BFRER, X R IR PR BT T
B, T AR N S

RBERINI JE

S AN ARBR R 75 2 AR S TR AN AR BRI I R R, IR T
Dy iER] . AR : N TR S, TR — AR, (Ho T 9 Dy a4,
B AE AR AR B R I NN ZREE, (B SnTE A A FE 2B 2 B AR, H53E
H AR R AR SR AR 2, B YOLO ST BRI =K Hbr: BFr%k
(target). HARZERE. IFHIREM (non-target).

A v R, R FRRUREE T 350 TkAE HARZEREMI R A, HEAT T AR,
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BRI BRIE B N 0, AEIX S BRLAEAE J AR R B R o, i e 3 4R B bR 440,
BV b iscfs Hbw e e I ZRRER, AT I

TR RIS RO, D IEBI R LSRR 1o AEEAETLIRIN A, LA
H AR ARAS R 1) 22 T LA 2 9k, (B4R R it &2, T Hhs 4
e G RO KA NG, KA G R 5 AN R R 5 1 3R KAV N A
X & AF H AR B /N 220 SRR AR A, R R B AR P PAJTVE
IR A B2 AN RERSZ 1Y o

2o BRI R BERCED T IR S, FEE KL YOLO Sk e BT RE X N
16, O 7 R BRI RE R R, A &R 2> it 70 0 1 IR o PREAS ST O A
YOLO SR — M A B R I AR ok R Ua) A A — S8 B AN R B

BT 1 MR E B H RSB IG , ASOT =R RERI T ik = 7
T2 =[RS Y 20 A B (004 JE AT 22 R B AR R R H A

RBERRIN T =

JHE =B BN R . BUNAN R ZE ) 22 B A2 e A — 80, 4 A
AN SR L =4 i) DA AN R B ZE AR AR AN R (8 H b, 10 ESE RA SR SS, A%
B ZE R0y D F AR A AT AR B AR R I, A AR I R s i, B
B H AR 4 Sk B AT H AR ZE R A I I, AR 2] 1 H o R4
H YOLO HAHE AT WURN H AR 338 Hbn%k. AAs%ER. AERMR. B

IR =R B, A SCEFARD TR, B A AR 2 AE B it AT
bR, EHARE R A, AR B AR AT I, SR 208 1000 K,
T 252 5K B RS AR, HAROUARE AR, M0 IR IR L ST

JHE=RISE A Ry oA = BRI 2 4.

FGCRIA IR MIAIY 1080P 73R, ORGSR IR E AT FEHaE (4
10-15 2K), #LERHGZE, B BLZERRAE A i G R LU BIAR /N, 58 B ALK T 98 E 14
115 ihe X R EEZ FEOSA G 55—, Joikd i RN e 1R
B K RN X AN . R Btk Wit NAE 5 R A R TR B Sk
FEANZE R BIAL AR 1) B AR 2240, 502 i R ST DA ok £ K 22 BOOn st wh i it
Felrl e, (HERAR T PO BUREE . 55—, A ERECAILEF A & LA E R 42k R
AMBEPRERTER, HS BT 207 A e, S22 R AN 21 B AR 2250 4=
i, CLRR) T RSk R, 80T BT 20 1 B 2R AU BICRE 0 R 4, T
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X2 T BEAT B TR AR R AR
S DR TP ISR P S Yk A N P C 3 W R e E T8 s SR A B
FE =R e, ASOTEEE T — MR EHAR A B AR 5%, SUdZ
B iR ml 5

25 FINRANFEEWHTTIE: =Hr ERRA

MART IR BARTELE R, PRIRASCHTHR H A JE T B Aords 00 50325 1) o 2 2 45
A TT%
BGE ESCHSRIG A ERISE SR, AT LR DL S
1o AU R 25 1) R A R AL I R AN R A At it B s 20 40 A 2995 X 31
It
2. EREHTRSIRUN, SERER LN, ST AE R HaR A R
3 g T U 2R T B 0w 2 I 2 1 RO T R R, SRR R .
Ay AU B R PR TR T AN AR R R R LA B, o B TR A KUK, e 2R
TR
5. Nl Al AR (R bR I e B T 2 Sk PR DA% A 2 R
HARAE5, 102 7 2 H AR R 00 & T B AR 3k R T e i B X 3
BT RS, AR T A RR I B
KRR IR N =25, G5 RN E AR, S5 35—
HASKIAT S5, FEA T — BB R SE R G 1S — B A R,
AT B0 I FIRHR B R A5 R, SREUH R LR ERSE R,
VE 92 5 2 B AR SR AR o
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R T E R T kG, ZERYE SR IR 45 4% 1 5 i s 80 4%
BT NP TR,

AT BT VRGBS ] Do KT 48 SR L4 P R A R % S0 A
ARSI e 190785, DAGE eher I 2 S8 TR0 S 2 20400 i 8 98 4 L ik
it LA e 1O AR B SR AT P R B AR A SR L Ao, LR FA
JIEASE R 45 R 5

RE G FERIE RGN o e, W REET RS- RS2 P 5
Bt LIS R

BRI ARGUE TR F80E « 2 FR A SAEBEAT BT AR IR 1Y) 22 2

3.1 EHRE

AT 58 2 4 BT R 2 1) A
3.1 EEHRMERE

PEZ VN, R EaE AN AATHRI LS AT, AL R« R ER
A REVE N SOE b B, T2 MR RER BT« A€ RTINS S Tt 5 108
e Bk, ZIRTTRERIE S BE O FIBC% B olodt, P E B 228 R 1T ANE R
A B, AL E ) T AR

FERX—HbR T, ARSI (1 s B an -

AT DUR A B L e At R N 2 v 6 SRR HE P 1 45 5 0 5 B st & AT P2 . L
IR BN FE T R I % TARRI B RE, (N SUBCE IE RIS SR A
WEIE AR RNBIE IS 5, AR 20 2 1D 55 32 S M e 2472 1] a4l FR st 265 1 BT A
R KT R i B O A0 ag B K ZR S A B A TR, P RN S e 6 A B A AR AR
A st B T O 0 PG 1) 4 P TN A S 2 P A B %

AN UV Y« 2T — R REBLE-T B Mg T 5%, BUVEAT#A L
SRR A NG Bt ER 4 S5 = WU, T RERT P & Rk

M8 TIERI G MIE, AR T Kinar 17 FHURE APP. Web APP =28
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P F . Zeman AT RS, AT E Rt MSEELEIE S, s
TAEL WA LB FHL APP LS 2, WA REFILER, FH4
FP SRR, RO BE, P S ARG B i, Bk n B A 3 22 1A 108 A
BAE RS, CEERA R BRI, TR LUK, 7% RN R
i S P A AT T3 Web APP 2 25 -0 U 28 A1 IR 55 2= () F P A ey, i
HTTP VG785, R S8 1 Ot a8 e 4, PR AU TR AT R AL AL
SRR R S AN AR AR T USRI 0 SRS RN TR 4% 3k T DA AR
7, AEBAHPER, WA NEATHAT SO, A TRIIE, SRS R A R
HTFHLAPP g, R ZE T FAL APP.

AR S A it i 24T A Web APP i Fh F P 4 E LT, TFFFHL APP (¥R
PR R FAL APP 1) LAE SR KK, (HUN A & TAER, FAL APP 2RI 1ik .
X T DR BSR40, AR SO Web APP 588, X3 ANH I D AE B
EIFREA, AFFH 2oty AT LT IR A 58

3.1.2 BARBEHTE

N T RIS, ARSCRA T REIRE A GNE S IR R4 .

WER, Kl 3.1 fos, RN S, TSRER (2 30 €T /
F), T LUIZAT Linux B21E RSt 1T LA LA 26 0 45 BTG 26 I 4 5 5% e 9 4% 1k A7 482
BOAEA . MMLIEE D, DA 20 RAYEA N HEEED (GPIO), FEFIEAEN
FABEL . B 5 IR AR S tO T 2 RO R IRFE F AR, BRI LUIE
ik SSH A PC HLIE{E, Jomilc & Eonas, FrblalBL4k 24 NF R, 1E MRS 45
A

AN AW ERIR RS D2 R AKBR, T B AR, TR AR a4 1R
A S 58, 23 /DA DU AR o SRR IR AS R ME—TT AR %, K2 H0 L.
s o) 8 PT LA 58 BRAR B i AT I AR, HR TR B9 5 A A M ) R 5 A i 2 4%
1, 722 R ORI i 20 05 DR 3R I 7T LU 8 | 60 %, ARSCE BRI A T P AEUR
BEM . WL AL, GPIO MThAE, H & I 2 LR D ReRI T,

AAFH I A2)RIZ4T T Raspbian #:1E 545, Raspbian &I H%E T Debian
RGEPATEOE HRAIE RS, s /2 — Linux ST
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3.1 WEIRAEHIPLER L FREFRR

3.1.3 315MHz/433MHz STCEEB IR K2 H]

FREE—RMA @A, 7 U R & 5 P 1T 8 s i . AR S bl
315MHz / 433MHz 3&# 45052 (Bl 3.2) 1, Ui B TSR 22 2 1T 1 7V

REARAEFE ) — M = FB o k. BT R, BRI . L
HEE — AN ISR, AT HERIORER, BB HRE TR E, e sEeE
WRBMES)E, BIDEERES, HER AT AHRARAE . an ST DU A
SENUR 5 RE 2 4% (R RO K LRI, gt PT DAABE DL 428 98 ) AR I AR, A8 AL 42 ol
PR L E R PR ] R

N T SEDUE S ET B TR S HIRE S A TR IO, R RO
T, BRI R SR L R 2R, IR NI RN e AR SRR T LI
ASK / OOK HEHUR W REFE 4 R I, PR REOERFIM AR b, A loblab
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TRURI rfask 2R BUE RN 5

E32 HHARE&ESEZSFIREURR (—HAHARM 5T

BEHL AELAE 5 I rT BE B TR 2R i B AME SRR, BRGNS S AT
A3 HILEFE DU, B2 2 AR R S S, B B e v ) —
PILELAE S AT B M5 S o D RIS FE 7 B RIS e, AT DA R At
IR R IR W 4%

SO B AEUR L, ARHE ARAD A3 2 )08 12 385 5 AT 5 5 8 i@ id A
JHI Python B4 rfask F2 /7 H AOAREY, AT LLEBGES: R R0EHIE 5. A RS BEELE
T RITRE, W TR B RSREN, TR 72— KRS R 2%,
R4 B RS R 251 I E.

X 433MHz HIfE 5 A REER, REKE (Y5850 NONL) 17 JHEK:

3x108
433x106

1=1x ; = i X = 0.173(1M) oo 3.1)

Hrp NIy 2 — i, fAREAE SR, cNtE.

PI2B e e s BRI AT SRR A2 2 TG

BRZEIETTLASN, A R F R0 42 1 FR) 2 2 i 2 e S5 045 th Wl U e 5 3K
BEATE S E AL PMETHENLEEAT 1] .

1
4

3.0.4 W CERMERIE (S AN

DRI 5 2 HRL B AT R IR U SR B R R BT, — R AR Y, T DLOA 1 1 4 %
FTAEFCAM A%, AT DA A K 2 T 2R A st B O 5 i A% G AT LA o g o 2 i
TFR o XM TC 7 AT B EE N 1) 220V FILZR, 13K A7 ST S S BE T O
U i 22 B A A e B A R FRLER
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i A B BETT QIR TR AR RE B, | ) I By T SC i FHL APP i
RUPERT, (HRG 2 B AT AT BT R R Wi, A RERA IR S (5 5 o U8 A Al
L A T RIRE P B AN Se 42 (H ROV E A TS A B IR TAE P i, HARSCR
B H RS IT @ W, $Z M T BT e, XN N AT R B O —
kRN, R R EIXAME, JF BB REIR A8 B X AME AT B A,
FHR bt AT LA T O FRaE T

A SCUAIE 2w A7 [ B K AR T RE I A T RAE AW 5, DRI AE B R Tl
(Datasheet) 251 N NI R BTX —JF SR HIAL o HoAth it BRI 5 tha AT A2 i sk e
i AT IR R

NIRRT BRBEIT R IRk, ASCHER] 7 =R R A, =R 2L
I EANBC G . 2RI RA] KECHFINE A IR APP, fEBCAEMEEH
fHOUE, FEMNZX B VIHIF R EPIRA: 256 ISR RSB A, A H]
T i0S “F &1 LightBlue ¥, iX— APP w] DLSZHUE FIF K MRS &, @i
SEAEAT I A AL RN TR A T SRR HE I WA B A T oG Wy i 4 il s 35 =38
BRAF A AR R YR ) S SR AR P, B I A R B B AT R ], AR AU APP
X IR R, ASCRER T REAT bluepy

BARRIRER MU SRS, HFERII o BB Bt
M HKEEF IR APP, XPHAF NI IIRERHTIR R, W BRI A T R AR T LAREAT
MRLEHEAE, T RETR SO R IPELRAS R, I, JTRAE & REAHE AT
WIS .. KRBT T ohse)a, iR 2 MRS Rl sz erag, i Bk
PO THREBVF & — AN DUAL 3k, B2 — At N2t fil. M LightBlue 2
BB IO, TR TIER, ST NEL, SRR E AR DAL ],
XL AN ALEENLS AN 0 B 1, MEIFRIAELL, HEIAT LA LightBlue 4
FIHREMARE, DRI IR AL X R L D) B BEATFE M A F )M bluepy
fEM IR EgiRE, AT LightBlue B4R, K BIE AR REIR S8 IF 0 H B

ARSI T L P T RIR R G KB, BN 0x01 ATT RILEREETT 5%, 5N 0x07 9
PRI BETF ORI 58T 50, BRGNS VI — UOIRZS o« 34 BV AT A P R 428
M IEWT, FFHAETER A 7 AT BRAP I, Al DAAS B AR s 5504 BRI, A5 ek
STHIRCR, R LB

PA_E D PR g R ) B o S BE T R 5 3 BRI RIT O, W] DA B 44T
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kM0 AT A F P T AR BN ZE RN B ST T AR AT, thm] Ui e 00 3 2 e B G
PR B, AR R ZE AT I BBk AR 1T, 3 T AN A I A3 3 5 n] DAEEAT A
7l ) e B

3.2 MpPFmE

MATEEARTLR, AR SRR TR - RS 500 5t
T o

321 RAFPAEEGTHEE

PEF WA R R RAAE T RS0 = A T T BL, T2 8
ST BT AR WA, RATRe R T4 F5 R A = A 2,
AL A T3 i DR

BRI AR ST IR S T 5T 00 B 28— IR 55 25 (K P SR S, mT LAy f b s )
R BE LR SR 0 3 B RS 1, BRST AT AR T ZEEEAT TSR, LA
EN M IR AR o VRS A R A S B OB IR i K 2 R8N /I FIR S TR
YRR &, O RIRWEAhss =J7°F &, 41 Apple A H) Home App. JTIEH]
HomeBridge B H A = iz &, #AE SRR, IRER, RS HE
& WHIBATE N A, R o B i e 8 B KRR 2, R0 U8R A I, A BE LR
I 50 B 2 1) 1 46 RN R 2505 R 22 4

R EEH RS — AT EH R &P R & s, AT A
Z PP IR G A AESE, U Python 15 55 9% 5 H Django~ Flask HEZZ, Ruby &
%45 ] Ruby on Rails HE42, JavaScript i 5 4’5 ) NodeJS HEZLAE . ixX HLAE ZE {5
gL A SE K S LA AL, PT DA SE IR RO AR AR X, E 72 e A T A [ HE 42
Kb 3 e LK) 7 EE RIS LA B FA s T AR AT IR RO B, o T A SRR S Bl
I T RE, AT RT LK B FIRE R RCR , PRI TG 10 % 2360 A HE B2 W] LA 56 O H P
G SEAT 55

A 4K )5 Ruby on Rails (RoR) MR A HES, iX—HELLMH Ff MVC
BEN, A HE PR E O Active Record, I % 2§ 7/ F] Embedded Ruby Hifk 4%
PR R AL B, A DU AR 0 A CSS (SCSS) M HTML #% 304 5 « RoR EL4 4
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16 FEHFFRFENT 6.0 BA, 7] DL H s 4b #2548 CSRF(Cross Site Request Forgery )
K Ain @, LS, JTFREENR, HIRETRTE TIREZHM 1.

322 MPARERES)E S BEERRT

FH P FTH N 2 B FE AR T RE -
1. FP R AT DAY A 8 S R R 2 e s b oty DA 1R AF SR B N 1 5 1)
FIEW o

2. PP 2] A B S W ol 5, st o Fe 4 o) SR B e CHNZE P 1T ZE T

3. FHP R AZERI N, MRk, AR, EMEH K BRR&IN%HE .

AT R ER=ADRE, TERE =T SR, WAEH T, &
EEE UM .

WRAE L B sR, AT RO PE SR 0BT B PE R B A TR, BB —IkRON A
* (users) , 5 5kFENWE (devices) .

FPEM . BRAGNE. RA7FE3E S IR E devise gem AbEE, {HH
users F A0k . Devise 2V P W FI T ROR W35 3] 77 R AR T 2, BRI 7E
U B AT T ZEAC B e R 2, R E R TR AR, R RZ AR,
ANFFLESLBIR o

WARRTEEFELLT 6 Ml WAL, WK, WATEME. "&IFE
i WA R B BRI

WK R B

WK, FrRRIEE, N T, IRESH. BAHYLEE.

WA PTEN B PRI, A,

WAITIR 2 SURTUEE, Tk iees I E an & B ST

B R M UL, Al v s < Tl i & BB ST A

WA NI : BIRHEE, N Sk AT EIER, ERZXRKER
PR T4 st v 2 1) 8 48 HH I RR) 508 J B

A
e

A
e
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Smart Garage —

New Device

Device name*

[ l

Device type

| |

Device location

| |

On command

| |

Off command

| |

Device order

E33 FiggnBiEsE
FH P e N I3l J S EAT T AT 6 7, T 5 4 T 46 B8 DL TR VAN I 1 1 (IS
3.3) , WIZERENT, LARASHIIF GRS, X EERIA AT SO E 5 E UM
GRS WINPT A5 J5 , 608 Fa ) U THI it o 5ot A% A6 1 4 A T 1 11

323 HFPREIERE T

F P 54T A0 R 2 BE W% B B A R B RE R ST, B R X8 T

(Responsive Design) . ASCf#i A 1 Bulma FFEFERZE™, L SCSS il . XF

ANBEWE R TR IURES, A SCEAT BT BIAE AR . Bulma TR REWE 1 B
Bo#5 AP RS B Bf s, ZE T Flexbox 4i'5, A& LA JavaScript, f#-T-fdH.
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Smart Garage

Control Center

Add and control all your devices here.

Close

RSB

—SEEN Close

—SEE] Close

#T=AT Close

T =50

T EIRER

Close

—HEERES

Close

Close

] [¢]
9 g
g E
c c
o o

Add New Device

3.4 MIRZFIRITHIMTT (PC MR &IZHITIE)

Smart Garage =

O
o
=
—
-
=1
o
o
=
—
@
-

Add and control all your devices here.

EFEIT Close

FERERGN

—SERE Open Close

ZSEE

Close

[e] 0
") )
= =3
= [=
c c
® (o]

AT

Close

T =G

HTEEES Close
—

—EREES Close
N

—RENEAT Close

Add New Device

B 3.5 MIRIRITRIMGT (FHAR&EEHIE)
R P HERE T, HESBERES L. WA 3.4, B35 fox, HFNE
PR R O FREN T A0 R] DUR R 2 80 P miae IR, A M v 42
) DT TR A D9 e Sl R 55— AN LT
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FEBCE R T o, FP AT AR IT S o R PR X B8 o X AR
AR B PRAT 5 R BAS, R A IS R — AN ARIE AT, RIS — 2 R o 0
BRAEIEAEREAT R, OB B P JE /S5 47 i 55 2R [ AT 45 R A ROR s 3 75 B4 A7
IR B 25 A, dndn iR i ds b, DA R AT 17 e ek ) B R T
B PR DT B A A, R A

B E B, DWRAREASRVER . . & s HdlE (836D,
FEFT P WS OB TS BSOS, 3 ) A o R DA 1k iR
(=

Smart Garage —

—SEEl
Name —SEE[
Type Gate

Location Garage_1

On ssh pi@192.168.50.88 python3
command /home/pi/smart_garage_script/gate/ope

Off ssh pi@192.168.50.88 python3
command /home/pi/smart_garage_script/gate/clos

Order 3 (Smaller number is former)

El36 WHEEERME

TER P P oS e UG, ATCAERBEIR Lig4T, T 7R i,
X AEIR BT BCHY 1P bk B AT [ g, 3X — s AT DAZERK e R

AR 75 BEAE X BE AT 0] 2 i N XIS AT IR AR UIR, P DALE B R A b AT o 11 5%
K BERHHEFEARAEYRAE S BC A A 1P Stk DL K Rails B2 RT3 155 25 B
FEAMR TRV, W LA & B tH 23 Y DDNS (33 DNS), JFH 4 U
]

ARG E K P A A AN SIS PR E s T T 18 1M H .
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33 EFE/NG

s AENREGE RGN HERE BT 7T e, YRR 1 R AR R
RIS AR 1] WA BT R SR B & M 7 IR AN S B A, S 45 SRR B IR 52
CIEFRITRERYE =P

B ARRENEIAR AT RN G IR IR, Bt TR T R AR IR AR
JUAZH T o 5 AT DA % Tl L B0 4 (1 19X 28 0 W o O R RO BEAT R,
JR AN I AR D RE, PRI TTS KT BSOS, BRI SERR M 52
A
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B4R BIEEERGANES

A E DR S R G AR N 5 T k)

SERGN G AMBCE PR F P S AR AT R DU A, (DR X S AR B
BEWN—BERG, OFHEE—PH TR,

RERE N AR R G TR, e PR 18] (5 B A 805 30, 4%
AR AR IR BB AT o TR AR, 5 Xk SRR (1 IS 440 R R REAF LE (1) 7]
LA Rt 757 AT IR I

4.1 REEEBIBEN

RIEANE S ERGNGE — GG, —QTRNEENITHE. —&
24 /NI TARMIW AR — & T REMBARPLEENL . DAL S i A i

THENL PREIR MRS B [F] — G 4 b, B HALEEAE R —
WIBCA, DMEV R EIE, @ — AL CnEl 4.0,

E o Bluetooth
. | Switch
. @

Raspberry
Pi

ﬂ -l [t
i e o eBlE

RF Gate

4.1 WBEHXRE
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WREIRAE IR TP AKX, 42 R TTAE « WRRIR 5T ) HoA B A K I I 5, XLk
ERERERLT
1. BRI ETHRENUIEINL RIUES, KEBIHPIEE. 15 IR E
5T,
2. 83T ASK / OOK S #HJC L i Sh AL B [e1) 2 J2 142 1) 8 S0 O 50 20 P 1T B 428 )
fB55.
3. WP 5WAITOGEME, BUTR B ATERORE . KHITRES
4. AR SR Rk R 55 4%, WAEIRIZAT Y Ruby on Rails i 55 S i )32 H
& 0 KR HTTP 38 3K
Wil 2R TAE, LLRTSP #ri% (Real Time Streaming Protocol) 1 41 4
MAEBIENL b, A EAUE B bRk o
TR FEWCEIW REIR T LR S MR SRS 2 5, Bl s Rk AR
B, HEAT E BRI, RN 4 4R 4 DL SSH (Secure Shell) #irisfir 4177 2
e aa | PR AR, TS R AR AT IR S, WATIF PR ZEFENT 45

42 MPRKE

ARSCAFE T AT AE A1) 1080P ML 84545 3k, TR BLAT I 48 B I
A LAt RTSP M AR, 384T 7ETH SR I S92 e i) OpenCV 422 L1
A DA S Fe bl AT o %of T At it R A BB Sk, R L 45 Thg, T LA
SCHE RTSP W, AP . B Gk R 2 s A5, S AAE
JIHERE, SR IMEALE FH PR RS, ] R AR IR A ] (1 I8 75 SR A2 426 E X 28% it P Fr) 4%
1%k K 3CHF POE (Power over Ethernet) PAKMIfERLIB i a8, DLI A i@ R IR 101
(L SRl O

FEAG K T B 2 R IR AR HE 7 ), 4 R e AR T 1t S B
75 DI AT fi ARG TR 31 P e R T A 6

FRAR S [P 286 322 4 I 24 )R PT R AR E TO AR, 75 JU) £ 52 i SR RO R AR, IR
EARGEIETE A S A AT T 00 286 g 218 (1 AL Hh T 1) R, (FL: ER AN
H T 7 A A5 R BR AR o) R TOVE AT RS, T A I 4 i R N A 2 I, U
TIE R 7l B 224
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BRI B . A BOtAME . CRYIREESA, B 1
BEEbRE, ASCEUEEIR A H 7 5T 8 . Bl AT I, R IR
HE AT AMARA o 23 9 H 22 RS, FEBE R b R SR I 2 SR AT e Btk T, 4K
BRI B ESE XTI, ASCHER R A S5 Sk AT DICRER B B e i iR, 4
ASCAE R AT 25 Wi, BEEiR Al DL 38R, R R S 5
Ay SR N SRA SR OB 22 1 AR, B Al R BB s (B IR RN 2 1 i 5L
MrtAEE, RN FEE GPU RYIBAT s AU H be U T ARS8 21 49

FESRIG T, AR KRG k= Bt TR B, (HA —ERIER, thansh
FISRES T AT RAR B BIHR Sk, FRRER LS /2 i B e LA, ek M &
GEMEMIE, RE—E . RO RS TCE R R4, R U
H O IREE, [FI XS BT R B EAR R 24 UABT B sh V1B R A& Sk i
I 51 BRI

4.3 BEFETH

VR A8 FH T8 A m R 1K) GPU dz A7k L A nvidia-smi 2 AFHLE T GPU 11
h¥E, S5 NTE Arch Linux R4, KiZAT AR EIER TR Y 10 FAFA A,
24T R E bR BE RN GPU IThEE N 45 TLRF A Aq .

RSN ABRAEA LE, TR A RIF B THENEEAT EFREE T, BT R
TEREFT AL REVR o BRI AR SOREHSENLAN IS AT R DU AR AL B 8 B IR IROIR A, DA 2RI
28354, R WakeOnLan AT VHEALMERR, AXAE 7R WA 3 SN AFIEAT, X
A DA 29K 4 (1 e R

ANBEE R RHUVRAS T 2 B BN ARIRIRES 1 SR 2, RIRRAS W R a2 A i
(), E DR HUIR S S AR R V5 B SR T B 45 LR R A A, 0REAE T BT AS 23 )
WakeOnLan {154

WakeOnLan & K853 tH S AR SRR IR A7 2 DA I - #EAT TSR
B[ 777, 7€ Windows. Linux REUHAAHRISCRE, tLIhREBRUZ RN, HE
FERATI G o BUNAS R ERRAEAE RS JS b ThE 77 30 R, R 7R 244 iR 3=
BRI P T AN ERAE R G B 7 SCR BB . 7 EET R E KB, SR
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FEE AR b5 A e 9 2 e R T R, 3X — 25 0 H IR OREFI -RAESCHL S 598 ke, DA
00 b 15 6 % p S R OR 1 BE R L (Magiic Packet); B35 M S TE#EAFE R4+
Mic B S FF WakeOnLan Mefiit, 1X— 20— AL M RIGBEE HdEAT: Bon B R i 38
IV E, BRI R ik i et JBE AR — B A 1 1R 7 2BEAT 11, DRI 75 2 Eh B SR vk
SN R e (Mac Address), —M& 0% &8 < 7ETFHALIT R & B 3hid3%,
1M JEE— BN (]S B ahiE R, SEE RSOt S B B E 1P bk, 1 5 IS AT A
JE ISP AR T SRR R Mk R 5

RN B I WakeOnLan ThRESG, AIAMelE AR GH TAEH 24 NEIFER
WEEIR T, BEAR A e —,  FBEAR A SCRYE BRI W]

H 5 BRI, 75 B SR 51 b R HRA HE 1R[] S T, 76 3 A B ) B
NI R ZERR I 505 o Gevt- o vl e RN [B) B, {38 A5V Linux R 48 H 7 IR E I
PATAESHAF crontab HEAT €I il AT %%, crontab [CE 4% I8 B 7 FMHEATRI AL
XSS B E H M B T EAL b TARBRIRZS ), 1M 5 J5 3h 22 4 D 4
o ARITENLCEATIF, W EEH S AR 5%, Ry SRl 25 05 AN g
ZNRAR, LG5 1ELE A AV SR A P I A o DT AL S AL AT DU g
S AR (socket) KTE, AR TGIEGEIL socket B S8 N A0 g 1ML
RS, BT WakeOnLan PREETHSREAL, MAERF 15 #0A2h (A2 BT
SEFR AL ) B B M AEIR ), FE s kil %, Em 4R )s, BaMKIR,
PAGKSET 2 FL R

MFFH R R AR, R S B AT E e R A R I s R B e
A, X DMEA Linux B4 RS0 TH ps AT S 2R 400 I 02
C&TF)a, RS pkill fr &R HERE, 105 PR BB ERe, DL il st Yt
e

4.4 BiRNEERE

A4 BRI SR AN R B 7 S 75 B AT A R S A i

AT 73 e IR

ZEAMAS I KA EAE P I, fa N R R B AT e = bRl A, R A
IBATI T L GPU B A7, B MEALK) B AR A NS s 2 BL R, (B2
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T BRSO, Y BT T EAAE R, AR T RAES . X R AR
FiC 75925 ] e BT, TR A A7 43 T 7 BRI [R), AR i 5 ) [R)— M /e 1 AR A A
PRIR S FC D9 IS o 727 FE I T BN, 85— MBI AL TR AR e AT Rl , 31X 23 AR
FRINE] B AR JLEE, B 2 ABIE R 40 m] B 4 B AR 4 X 3,
M FHR T 50 WAL I EME . 25 ENXAN M, A SRR IRIZAT I ol =
MR AR AR e, AN SRR — U B T 423k 2 R A 4 O — 1)
AT, X A] ARG E — AR SRS SR () 4 A 2

AR AN ET A WL ES) B2 45 1 [ L

FEAG S TR A FE ORI, WLEF Py AT e H L PR 05T LB 4 o AR R Bt
SRR IR X LETE P8 P ST PO HLEN 22, R EAT T MRS N — | R =, JH
FER B M THE TR, ANMEEA M, 38 o] REAERTI R S8R, 38 A5 SR TR 9
N T FRPIXA W, ASCRA 5, SRS E L AR AT 8
IORBEAT 1818, ROV 2R K (R VA PR8I o X — 3 B0 1 2 ) DU P BRA5 Sk
W IThEE, LA TH RN TAE S, B n] DL AR ol P iR (BT R 8, b
191 BT NS o 5 1 RS A% W37 S B 1% 0 28, R PT R R VIE 3889 )5 P A0 T
N HAR R AL E, B B AR Y, Dl oikins 3] B As 25
B R0 55 R s T DR R 7T PRI TR 26

I 00 PR 1)

YOLO SEXS R HAR#RTHE — M EAE, W R 30€ /Y B E (threshold)
WRE A 2] — A B AR, SRBEEEA HiR X TR =AMER, (R &id el
MR e T = A BIE: B — R SR R A Y, X —BME e 1 e m, B
AR R Z W, AR 2 27T LR B —AN AT AE BB o2 = R, 130l
0.86; 7Y R AR EIE UM B, R BN — G, SRS, A
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