o

~ ot Tt

Eauetine

2

=T e

FrsR & = AL E 8 2 4% (Intelligent Transportation
System, ITS) » BIeFIAFLIEZEF ~ i85 ~ B -
R RUAIE R - MBBERRSA (LHEEL
B ) BANFENER > LUGEZ D « WX
EAARTS > cAERIBRIE - QEMIRAN > SEE
hEENEHICESE > Ba [FE—AEK m
TTERERER ~ BZEE ~ T5NEIZER -
518 B8 HEMALE > ASZER
AP EAZRFINER °

— RS B EER RS ARIPIES
(D) TEREH KR S RAB IR ETRI A
1 R 5 M FE LU RS R AT B
X ; MBI S » R (%
BHRE) ~ [EARE WEAIEAR ¥
G E  BREROSRBL SRR
BT RS R  BREEBE [REAMA
B HREE (ERRSBuEREE
ELBERDBLNRTAIAER) > LURHR
(REAARSE AvIERIRE S o ERRAEH
SRRBEEN > OFES (BASHEERA
TEEMHELSH) - (IREEATERARE
PINE) R TSRS IR S A SR
ISHETIEMAE) SRS 0 Bk > BIURTE
TEREE A AT 6 E AR BB » LA B
ST RS BB -

ARE LA EMBE R TR BEEs
AMEANBRITZE » FLIEA Al SURSUA S AFTET S
B EHRIRE » TERIRT BX R B
TR AKBEHS ISR » BlE—
MRS A I B S 60~70 EEEM >
BRAT BREGHERENSES (SEEE
EEBRUNBEE) WEE > AEFEEER
SREVEBE(E - RN SR TR
SRR ; TP AR R E D S SR E G
i TERE AR  BENGHEDEWE
B F U T B S U RIE IR RIS E o

BRI REE R FE S EIER
B TERE RDBRABETGIF
BRARIKERENN BIETHERG -
QEBERE LRRSMUBEEN 0 2RBBRARS
AT IR ~ BIE ALVESE ~ ZIPEEE
BETEY) - EERE - BES - 20EE - K&
FHEE > 2EERILIEBEIRE -

. \

—
o
&5

b

T

-~

i

IEEMRERERY > SEDFEMNEIH
B ~ ST B S FET TSRS S0
BiR) B TREESFER) NallER > £+
BaiaalimalNE =—EREFEESMER
%o IRBEREER URAMTHARRER
SERINEHE SEERTS

BiEalthEERET > #7H 17T HE9
A30H > wzaltmREEHMNE (FHEEE 1
BREMMEER2E) 16 BRRBEEEERTM
FITWEEEFERY . 'BUREFSE15HE
R#5)  IEIERBERGIEREREURITHEE »
BT MR AE@ ARG ~ IREBRHEERUENZ
Sh > BEEEEIRE  RETAEWEEEHERE -
BTSSR 10 DEZE > REBE
FHRNEEXMTaEY AEMKNBHZE
RRI T ENEE BRI E « MEIRTT » BIEEE
RS HINVEE - BIREIEREAME ~ EE(L
S FREMBRT - BREIHFHEMMR
o > REEEIEAE 160 15 o

BHRAIEHR REFER) slEEF
BRE MR BRI REEZEREE LN
FH5 > A TRGESFERL R -

T E 2019 FEEFEBEEESFER
o EBEIRABRFES > UNABASHH
MEEEABCHNEWELEERE ; HER
BEITHR > ILREAETEAINNREEESEFE
M BEBERYEEN  EEEBERERE R
FESEMECEFRAE  EWMELRESRF
& BZR ENE SRR R RS E R R P BE
% > WA AR A E BRI BN SE =75 AR
EEREEREE BEHE  RERES 8
B~ IEMETTR !

FINMBIREEEM > IR T RIS » RELER
i ABATTAS 8T BRERERES
BRI IERE M » REEFBUR B ZE ARAIRT
FFER > EmEIE T O » W R INGETER
B BRI RVEREN > BRI EEE
BENGRT  EESFEERBRMEBEAT 28
g FHEHEEEINEATEEANCRE
MRS AR » IR LRI e Ibm R T
EERAE AMHEE IR TRERER
AREEER » E—PHARRESFERRA
FHRREZTIIE |

Smart Parking System Based on

Professor Ching—Chun Huang's Vacancy Detection Research

The term "Intelligent Transportation System (ITS)" denotes
the utilization of cutting-edge technologies, encompassing
electronics, communication, computers, control systems,
and sensors, across different transportation networks, with
a particular focus on land transportation. This seamless
integration of advanced technology empowers the
enhancement of safety, efficiency, and service quality throu?h
real-time data transmission to tackle multifaceted traffic
challenges. In Taiwan, the nation's constrained geographical
landscape and high population density have given rise to
issues such as unauthorized parking, traffic congestion, and
increased air pollution due to the scarcity of parking spaces.
Consequently, solutions for "smart parking" have emerged
as one of the most widely embraced applications within the
field of intelligent transportation systems.

In general, smart parking management systems typically
consist of four main components: gate control, parking
space detection, payment processing, and backend
management. In recent years, the primary focus has been
on advancing parking sane detection technology. When it
comes to detecting parking space occupancy, two primary
methods are commonly employed: "image recognition" and
"sensor-based" techniques. Regarding image recognition,
there are typically two options: overhead cameras at
intersections and ground-mounted camera pillars. However,
the latter approach faces challenges such as costly
installation, property rights issues (particularly when securing
the necessary land ownership verifications for ground-based
smart pillars), and privacy concerns. On the other hand, the
utilization of sensor-based methods for data collection gives
rise to a set of complexities in terms of 'coordination with
service providers to identify vehicle owner," 'dependence on
the maturity of telecommunications infrastructure provided
by telecom companies,' and 'the sensor durability in various
environmental conditions and the quality of antenna design
for communication." As a result, high-position cameras for
parking space detection have garnered increasing favor
among manufacturers and have emerged as the primary
choice in recent government trials of smart parking services.

Professor Ching-Chun Huang, from the Department of
Computer Science at NYCU, has conducted extensive
research on smart parking space detection. Through the
use of Al and video algorithms, he has developed an image
recognition service that not only effectively addresses various
outdoor conditions—such as daytime, nighttime, overcast
weather, rainy conditions, and bright sunlight—but also
allows a single camera to efficiently cover 60 to 70 parking
Sanes within a parking lot. This innovation addresses the
challenge of the usually high costs linked to conventional
image reoo?mnon setups, which demand the installation
of smart pillars for each parkin? space. This significantly
enhances the economic value of the entire service system.
Additionally, the use of high-position cameras addresses
concerns about property rights. These cameras specifically
focus on the vehicle area without capturing individuals or
the surrounding environment. As a result, the saved images
include onlz) vehicles and license plates, thereby alleviating
concerns about privacy infringements.

Professor Huang is partnering with the professional
parking management company 'Altob Inc.' to bring forth
an advanced 'high-position camera-based ticketing
system' featuring robust backend computing capabilities.
By simple deployment of high-position cameras mounted
on lampposts, this system will employ a video streaming
approach to automate operations, such as detecting
photography, real-time Al algorithms, license plate
recognition, interference detection, ticket generation, exit
management, handling system anomalies, and image
storage.

The high-position photography ticketing system has
collaborated with both the Taipei City Government and the
Hsinchu City Government this year to conduct trial runs for
the 'high-position photo raphr smart ticketing services' and
'image smart parking pillars." It emerged as the third type of
smart on-street parking ticketing service in Taipei City's trial,
while it also pioneered automated smart parking services in
public parking lots in Hsinchu City.

The Taipei City Parking Management Office conducted a
trial of the third type of smart parking service, known as the
"high-position photograpqy smart ticketing service," from
July 17 to September 30. The trial took place on the 16 on-
street parking spaces along Chaozhou St. in Zhon%zheng
Dist., Taﬁ)ei ity, sgannin_? from Sec. 1, Roosevelt Rd., to
Sec. 2, Hangzhou S. Rd. The innovative system is equipped
with image recognition and vehicle sensing functions. In
addition to detecting vehicle entry and providing real-time
parking space information, it also has the capability to
automatically issue tickets. Instead of receiving parking fee
tickets, users can check payment options for parking fees
on their mobile phones within 10 minutes after the vehicle
leaves the parking space. These options include paying via
their mobile phones on the smart payment platform, printing
payment slips at multimedia kiosks in major convenience
stores and making payments in-store, linking payments with
banks, or enabling auto-debit of telecom service providers.
This advancement signifies a genuinely unmanned and
paperless smart parkin%and ticketing service. The current
success, as evaluated by the Taipei City government, will
lead to a gradual expansion to cover 160 parking spaces.

Compared to TaiEei City's trial of smart parking service
for "on-street parking spaces," Hsinchu City Government
Department of Transportation has opted to introduce the
"Smart Parking Pillars" service at the Hsinchu Eastern
District Office parking lot.

Starting from 2019, Hsinchu City has actively established
a smart parking system. An unmanned automated system
for managing vehicle entry and exit has been implemented,
utilizing tokens and automatic barriers, in nine public parking
lots. To further elevate the service, the city has introduced a
groundbreaking image smart parking pillar. By incorporating
license plate recognition technology and integrating an
automated parking fee system, the parking lots no longer
rely on barriers or token usage. Vehicles can smoothly enter
and exit without the need to come to a halt, and users
can easily input their license plate number at the payment
kiosk before departing. Alternatively, payments can be
swiftly settled at convenience stores or through third-party
payment platforms within the specified timeframe. This work
flow streamlines the parking process, simplifies payment,
and facilitates a quick exit, ultimately saving users time and
significantly enhancing convenience!

The outdoor setting poses numerous challenges, including
factors such as weather, large vehicles blocking the view,
and pedestrian behavior, all of which impact the precision of
computer vision and deep learning recognition technology.
Professor Huang's collaborative research on parking
space detection, in partnership with manufacturers, has
successfully addressed interference issues in outdoor
environments. Leveraging patented technology, the system's
reliability now meets commercial standards, marking a
significant advancement in smart parking service technology.
This application facilitates the formal transition of parking
and payment processes into fully automated and paperless
smart services. With the anticipation that the trials in Taipei
and Hsinchu will play pivotal roles in smart cities, we look
forward to accumulating valuable data and contributing
to the ongoing progress of research in smart parking
technologies in the future!




