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SUMMARY

[] Purpose of Research

O This research examines the direction of development of vehicle detection infrastructure
suitable for domestic traffic environment to improve traffic operation efficiency
and detection information productivity at intersection of national roads of local districts

[] Research content

O Development of Vehicle Detection Technology for National Traffic Signal Control
O Establishment of detailed research tasks and performance targets and indicators

1. Development of detection technology and equipment for traffic signal control

Development Goals

°Development of Underground wireless magnetic sensor / non-embedded radar
probe practical application technology

Major Research

°The localization and enhancement of key components of the detector
°Development of a commercial product for each wireless communication method

Contents (Zigbee, LoRa, and RF)
Purpose Technology | °Development of core technologies for wireless detection and IPR, standardization
& development | of technologies for domestic situations, and establishment of working-level operation strategies
Contents . o .
2. Development of wireless communication security technology and management software
Development Goals | °Developnent of wireless magretic sersar conmunication security tednology and nenagenent software
Major Research | °Development of Digital Infrastructure Technology for Wireless commumication Signals
Contents °Development of real-time monitoring and reliability assessment technology
Technology | °Integrated maintenance expert system to improve communication security technology
development and operational efficiency of detection devices
3. Dewelgment of a tedrology to improve the productivity of the conmmication signal aontrol index, evaluate
per formenoe
Development Goals | °Communication signal control index development of productivity technology, evaluation of index
Major Research | °Development of technology for adjustment of conmunication signal control unit extension tine
Contents cEvaluation of Safety and Accuracy Algorithm for Wireless Detector System
Techrol °Demonstration complex through local governments and operating agencies
echnolo
develo mi};t Evaluation of management environment, review of business model and
v
P proposal of practical implementation strategy
[] Preparation of technical development requirements and task proposal request for the
radio based magnetic detector for the control of the communication signal
O Trend analysis and implementation
O Establishing technical goals such as technical definition and content classification
Results system
O Technical Demand and Success
O Composition and Implementation of R&D Projects
O Planning and Budget for Human Resources
O Preliminary Feasibility Study
O Preparation of a task proposal request and Establishment of evaluation
criteria
O Reduced social costs due to increased efficiency and decreasing of the
Expected fixed body of the National Highway Traffic Operation
O

Contribution

Securing technologies based on domestic communication signal operation
and promoting development of wireless traffic management system

Keywords

Vehicle
detector

Wireless
Communication
Security technology

Monitoring
Technology

Communication

Detection Index )
signals
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(K= M2EYA| LEALR, 2007, Unpublished)
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skl

Iy Ao A IEEES02.15.4 WPAN(Wireless Personal Area Network)”]&2 ARE-gtol| weh
‘149 W= US-CERTOA FHeksltial Baus vt =

m=e o2’k AR7] HAZ] ARo® ekl oAl wEARCIME AeAlEAle] &=

2 2uAAI} F2 o]8E1 ) ol reAEe] A o] AR wo] HdEa 9l

T Ao= 4 JERAV] 3% 5 A T A T WY et AR dAs] wiEel
24

ZNeAee DA 4% A71e] A2 A1%)

W HlEe Sehel Qo] WE W ER fARS o] Aus Fud LuAA] g
= it fA8 FAE A2k Slo Sefele] 499l Al Bl ofeld

1o o= wiEe o] AxdA BATIMEG Fol WiEEE A5 wAlshs A%
st o 2 wiElE] 7]ee] Mo R WA #Ale 4 siEE 4

Local controller (LC)

i

‘I ! m

ey

90. o o C?l\\m Access Paint (AP)
o‘m

10

O

<J8 2-25> XAP[HR7| e

7= 3T 2uA



My = S8 % B =4
)
5
.
O
Radio Frequency Locj] controller (LC)
‘o WiLerlniecs:tien = | Detector board
¢ ::Rnolog:y technology
Geomagnetic
sensor Access Point (AP)
technology
I Access point
[ | technology
| | | |
Battery
[ technology
[ —
[ |
<l 2-27> XX |[ARHA e
@ REPEATER
<72l 2-28> 0|2 M X|XP7| ZHX|7| AlAE A Jles
(K= Sops retnals @007) adertaes of te Sasys wieksss \etide cbiedon sysm) whie pepe; upudshed)
E 2N
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7}. SENSYS NETWORK - FLEXMAG SENSOR

O "= AgxYol WZFehSKUniversity of California Berkeley)®} @Al WIE S Z(SENSYS

NETWORK Inc.) WIZFSAR= A AAANSHORRE +38 ASE Ed2 4R =20F
SFHHE Tk ATE T8 AR ARvig sl a1 o FrIsks 71E A5
A ATEY PR Hujsle 7 =R &% s A8 she HH ASAR AAE
Asog Fashe HHy AsAloAzE Tk Alsh A7) Ak A7) AAE G

tar

of
o

s

<2l 2-29> O|= MA|A X|Xp7| HX|7|
(K= 271 (2017) ZLSARIST| AR =9, SRR, unpublished)

(L) BX7| Zx|9Ix| =H

Rt AX|7] dX|e(x| =H 8|n

O A AAZE BY AR A= G whe] T AAAAIE shtel w2 dxs B

3 A= 3749 T AAHAZE shue] ez B

7=t 3T SN
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O =duatz: FAele Alotr|eh 74 AA7|HA7] 3 A4Es S8t R 2 HEAH
(Access Point; AP)(HZ&:17Y), AOI7F= (Access Point Communication Card; APCC)EH A 17),
Repeater(Z 24~ 271) A7} 223t

MAA

<8 2-31> FM XXP| AX7| Hxlof 27 == (2 AlM

<72l 2-32> 2N RP|HR|7| BE AIZ AR
(RIZ: Z47| (2017) ZSARIST| MARH =9l SIEX|ISHEAITRL, unpublished)

O A7) 1 o 49 Amold Tyl (A 20k el ERA WA il 718
B S @ A5 A7) 14 A A A8 AR oF s Eek)
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O AHAZ] AA] F o|ZA FAE ol gsto] ] sb A7) v 82 4 10de] BA
2. AA7] 22 F TrafficDOT2 LFYZ2 79 o] f3le] RUEY 9 AojS £33}

Sensys
Access

Point %
ensys
roadside Conrgc!
traffic Closure
controller

[
[}
Lane 3
Lane 2
faulty inductive loop E
can be replaced by - A
Sensys wireless sensor i
X Sensys Wireless Sensor

<J2! 2-33> O|= T AP [FR7 (9] FZAX7| thA| AR Al HRE
(K= Sensys networks (2007) advantages of the Sensys wireless vehicle detection system, white paper, unpublished)

(Bafinvue WA [ Lymwood, Wa |
Saamie, WA\ / [ Spokane. W
Fite WAL

Marstadtows. 1AL 'y

<O2! 2-34> O|= Wl MAAHIESRT M XAP| ZAP7| ZX] XE 22
(RF=: http://www.sensysnetworks.com)

O ANZHESRZ FAEA Axp] AA7l= vl=d EEROE I3 B Al@)olA A
L85 lom, E—,‘] w2l ETtoly F(NAT 15 Ad(Department of Transportation)ol| A=
AT HAZIE S8 A Z2AEV} AEIAE FACE 2I8H

7=t 3T SN
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O "= EER] A= 200739 IHIERZ 97 Alawxlg2e] AXe F4 27| HA)7)7F 20173

BAIA] E-8HAL Ee EHESIAL 2007] o] wakzel 1,0007 olde] Tl AR A7
£ g AAshks 5 wEAROIA AR] AA7Y] dee IS B

n A1 (BHEEE FM XX7| HX|)

(LH AR 2 (sHAkEE 2M XIR7| ZXP7)

<Og 2-35> LHER &4 A 2 2 2N XXP| HX|7| &4 Al
(Ri=: ZA7| (2017) ZSARIST| AAR 29, SRR, unpublished)
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<02 2-36> R RoAX |2t T XAPIZEXZ| 57| 8|1
(RI2: Z97] (2017) USRS | AIAE |, SIZRIERIRR) unpublished)

(=S (L

ROAD
SURFACE

- N

THFEH| 712 MR=ls M XAP| ZX7| EF (FLUSH)

ROAD
SURFACE

FILLER
(SECOND
EPOXY
LAYER)
EPOXY

(L) =2 ofF ZFoll 2 dxl=li= PN x| H%|7| 57 (DEEP)

e 57

2(

<! 2-37> FUX|XPZ| HX|7(e] M| o
(Rl=: http://mww.sensysnetworks.com)

7=t 3T SN
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<& 2-30> DI HAlA X[xP| Zx7|e] AX|(oH) Zo]

) 5 2ol Hg 23 Ok
VSN240-F-2 freeway, arterial

Flush mount, in-pavement installation signal control applications
VSN240-T-2 NA
VSN-240-F-GR . freeway, arterial

Up-to 4255 (10.8 cm) depth signal control applications
VSN240-T-GR NA

<J2! 2-38> O|= North Carolina & ZX|7| G{lA|
(Rt 271 (2017) LSARST | AAH £, SImAEREESR, unpublished)

-

O FATA AA7] 7719 8 agt A, wiee] S3E ol te ZUEPE 33
8 $HTE T (TafficDOT2) A= 2 A wiElE] £33 A48, ool 58

BT 5 9e

i
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TrafficDOT 2 [ Comect Tools Advanced Help | [ Pascr we (32 B Q [E o | ™ B o] SavE AP
Group by: Repeater (/) Sensor Zone () | View: Dot Table () Activity @) Normal ()
APinfo | [cccardinfo... [v]
Battery #Detec Timeslot Color
id |channel e |Rssi| | L@l |Present Mode sensor Zone PER AdvSettings | Ver:
Level ‘ 4 tions, 5P Code g Radio | Event | Detection | Advanced | cmds
oDss |5 363 T sz e 109 B 300 ch5_WB_IN1 ~ FF None,Z&X 65. ——
Reboot Run
72850 5 263 9 83T m B 1240 chs_WB_LN2 - FF None,Z&X 65.
4270 |5 3:63 6 82 97 74 B 94:0 €hS_WB_LN3 ~ FF None,Z&x 65 Save To Flash | | Update AP Firmware
ESF4 (5 367 81 =8y 97 16 B 600 chs_we_LN2 - FF None,Z&x 65. Refresh AP Configuration | [ Update Realtime Clock |
7aEs | 11 3:63 12 sz e 719 B 560 chl 1 WB_LNI - FF None,Z&X 65. e
79200 11 367 1 B2 T 219 5 140 chi1_WB_LN2 - FF None,z&X 6. Al @ S0 S )
e8| 11 3.67 23 gd ey 27 g 260 chl1_WB_LN3 ~ None,Z&X 65. _
7E180 [ 11 367 1 82 97 219 B 480 ch11_WB_LN2 =\ None,Z&x 65 Aroadcast SPR Firmuase
6546 | 15 367 30 82 97 23 B 960 cha_WB_LN2 - None, Z&X 49. Stop Broadcasting SPP Firmware
6402 15 359 18 =82S 147 B 1220 cha WB_LN3 - None,Z&X 49.3 | | Password [~ [ Broadcast Sensor/Repeater Firmware
7acz| 15 367 6 w8297 199 § 320 cha_EB_LN2 - FF None,z&X 65. o)
76567 15 363 10 =82 ST 206 EIRIT:-) cha_EB_LN1 - FF None,Z&x 65,
Upgrade CC/EX Firmware
DSBE [ 15 363 7 R 128 B 1260 cha WE_LN1 = None,Z&X 65.
2599 2/5 299 5 IR ST P 300 _3 None, Z&X 65. Normal @ Raw (1) Label () [ Export Dot Table
2886 1314 299 [ T - 160 - FF None,Z&X 65. T
2820 13/11 299 2 83T - 180 - FF None,z&x 65.
2834 14/15 305 S EmSAE 97 = 24:0 i[5 None,Z&X 65. Normal @) Raw () [ Export Dot Pair Table
28EC [ 11/2 299 30 SR T P 600 - None,Z&X 65. \mport Dot Pair Table
Refresh AF unmap_| [_Revert Apply
3] I Ir
Advanced Mode Channe [ SPR0; 13 3PP 03:15:08 1

o € = 12 ® B

<2l 2-39> MIA|A ZAX|7| Z2|AAE! Shortwell2] GUI
(K= 71 (2017) ZSARIST | AAR =), SIX|AIHEHLI, unpublished)

1}, TRAFFICWARE - THE POD WIRELESS DETECTION SYSTEMS

O A AANAA7] A 71902 vl Ay olg X3t EE o](Traffieware Inc.) Tt
A FATT] FAR] NAZTECS {1, FAEA A&7 AAAAMAES : POD)E AlH
skl 9lor 859} 7|58 EAIAZUESR ZS] B4 AR 1A 79 fARe

THIS SIDE UP

<72l 2-40> TrafficwareAle] POD M X7 |AX|7[>

O HAR: ZH2~E(Galveston) Al()olA= EHoARS] Valence POD Al2=ElS 1A% 293
Ay, 11 Adso] FEAATSY FARE 2o g EA4E

7=t 3T SN



MY S 5Y U By 24

= "X RIS Ay 2015 ITSAIZES 723104 700702 Eg goiAke]
2] AAZE 5 M 2o AX|(nat=
NEAITE I

Z3hale] =2 wELFHR}
Pejstel m 94 ITSAER AR

43
Base
Station

<7l 2-41> TrafficwareAl2] POD AlAE] T4 JHQ=
(Rt=: Trafficware SAF QIESIKLR, http://mww.trafficware.com)

O "= WelMe Fdax7] AAulE tinl #4 A7) AA715

AT A%, BT Ao
4o AT F Y WAL oF 2 S o2 Vet AR SelA b
Holt 7o Wb g

<2l 2-42> TrafficwareAlQ| H[O|A AH|O|M (Rack Mount)
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<2l 2-43> TrafficwareAle] POD M ZX|7|

O POD 4 A7HAE 3% AZ1AA B2 aEFHcount), A EA - Hpresence), &5
(speed) 5= A8k DA 2lF HiEEE 75, A 101d 52 AL 082 AL Holy Af
o] 7Fsdh E=3F EEY ZuE7F Fa 7] ol FAEFAREAA g0 F2 ZAog Bt

H 9le

<IE 2-31> POD M xpP|HX|7| Ms 712

T 54

AR A 35 AAEA B @AFAAY), UM oR 758 ARt B4
- W5 count), AHF EA - H(presence), < 5(speed) HA| =

= A P Fuh AEA Fo A 8 [FY )

- FAEAE o] &gk Beo] A A
- FI O 902928 MHz
- Al 60

CAF2L L 40°C ~ +85°C

AR - Z5HEE 0 100%, IP68 Rating

- Ad W= Z 430KHz

- A} =9 : 20 dBm

- 37] : 2’H x 36'D

O +49 ¥ PYUHFH ZZT73(Pod Connect)> 121 F4 AREAL QIE{HO|NGUI) 752 AT,
BekeA oA HEsHA dM2 & ¢ e Ak Z2AAS AFE gEsly AnE
oAl A WA~ T = 5. AA2UESL TS FUEHZZ 33 (TrafficDOT2) 2 -FARHA

HiElg] 9 AdE S, oMIE B s AR 55 253

e o

7=t 3T SN
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O

§ Qrisoszsos)

Ea g Tum
B Al10003347)

e e
<JZl 2-44> TrafficwareAl2] POD ZZ|AIAE! (Pod Connect)

P
(1

Attached to pole
Aecess

B | ocated within cabinet |

9

%
-

<2l 2-45> TrafficwareAl2] POD M XIZFHX|A|AE

BT

A2
2~ [e]
T A=

A2 Aol A HAAE A AAVE AXSH 900MHz 2] Radio Frequency (RF) 54
1 &83L 7AY 49 tAlA 2502 753 AND / OR 231& o83t Alojdd
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The red areas represent Pod locations at
the stop bar and for advanced detection.

<JZ! 2-46> TrafficwareAle] POD X|XP7| AX|7| MX|X|H o=

h 4

¢ 28 -3y

16 « 27 >
+—15"—
3 —>|1f 12 ¢ 12" ——11'"—»

3 13— 12—y

o
o
¢
O
O
O
0
A

‘47

N
w
o
v
-
5

2RI 6x30(QLX]) Bl AR| e 2RI 6x40(2LR) Bl AR| e
<O 2-46> ZRIYS] B M| B

(K= http://www.trafficware.com)

T} Global Traffic Technologies Vehicle Detection System

O "= HU&E} F AHRIE Zof BAE F3JE Global Traffic TechnologiesAFe] Canoga Traffic
wEs B g AN A"l JPE A £5 Bl wEd AR A

Sensing System-<>
Ho|, it £& 55 RUHPE A3 AR aF HolHE A%t

O & &3 4% 52X RPN, B, 9 vk, = B de)el WAl AFAIE =
e Algsi A =2, wake, FAR, aEER 5l A E2dd e s ZUEFo] 7}

.
%

ol

7=t 3T SN
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HOW IT WORKS

Proven results from GIT solutions.

o= . Throughout the intersection.
inductive loop sensors detect
vehicle presence

C
request to traffic
cartroller

sig grean and
then returns to
normal operation

<2l 2-47> Canoga Traffic Sensing Systems EAIE

2}. Wavetronix Vehicle Detection System

O WavetronixAF2] SmartSensor Advancet HT] 275m "ozl 2HFS 7R 4+ A+ )54 A
Z FA 25Ue] AERE 4 T e

O 94 Bt o5 sAd BE 9 104 ole] MEY ol go] 7Fsd AHE Sz E
% 3 WP} HolA)A) erom wakEel vlel £[E W FelolES 44 A 1Kol 4
g % glo] Hlgtel Tt wom fAus BT} golF

O GWIE B B4 WS B3 vlgagol Jhsshe BAGel i 54 ETA 4L 59
NB7h Qe mARAN AR AT BA7} Vs

EHE HIA
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| — | “
P AR WVIEW
<2l 2-49> WaveTronixAle| Al2F ZX| A|AHIS| EIX| B12Q|

1}, Honeywell Magnetic Sensors

O HoneywelAte] 271 A% AME A71Ee] B

AR AAAE, 4= 2 33 wie) 2 AF A

24, st el A7) B 7hA),

ol
=
BRE Aeet

F

O AIAFAME -] 1A A71AMMZE, 27micro-gaussOl 4] 8gauss(0.8 milli-Tesla)S] A7+ 2471
Aol W A1E SAs A A, FAF v, A e AE, Ui ARsal GPS, Ak
vriAleld Al=8l, Al S4 5 TRt okl 28Ha A=

HMECZDO HMEZ 300

<2l 2-50> HoneywellAl2] Magnetic Sensors

H}. SenSource Magnetic Field Vehicle Detector

O SenSourceAle] 45 747) 71%0] ALH sSMs0 ANE 24 SACNR A BA)E 1A
of A7) A AHEH A1) vskE S5

O SSMS30 Alxe 2 T4l BAshe 2l d7HH AP E 7

7= 3T 2uA
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1 | S5-MS30 Vehicle Detector Features:

+ Palenled magnetoresistive-based passive sensing
technalogy for increased reliability
+ Completely setf-contained design with no external controfier
replaces inductive loops and amplifiers
» Allows PLC to be used in place of amplifiers and timer cards
+ Embeds in roadways with a single 3/8" sawcut
Narrow Flat-Pak design measures enly 77.0 mm x 19.0 mm x
7.5 mm
* Reliably delects 3-dimensional changes when the presence
of a large metal (ferromagnetic) object such as a car, truck or
railcar is introduced
Construcied with rugged epoxy encapsulation lo assure no
moisture problems

ya

170 mm
aery o
Versatile mounting includes above and below ground options
19 mm
(0757

<2l 2-51> SenSourceAle| Ap7| Z= MIAM

<38 2-52> Al 4x| ! Kot dX| G4

A}, ImageSensing jit

O oy AAZIE <Id 2-53>3} o] S SAA o2 7dsty Ao 103k S40] 7Fsd

<2l 2-53> ImageSensing itAIR| FAF ZX| MM
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O fHe nela=zs AA71E B AResta er A @= Radix TrafficAtollA Z=17]
ZAA)7] RIM300E A2kl S]] ¢l

O RIM300AIM = =2 FW oflg] HE Yo A A7) 7ksshy AlAold 38 HRE
AN B FZICA0)ES 53 22 A5 HAEEH 9 Radix Traffic RTM X3 Eurocard1E]
o] Ft=g} B4lst

<JZl 2-54> RTMX[AP| AX[7| & Hof7| E=

O wE Al RIME E2347} Ba glo] HE uie] AZE7] HEe] w9 o2 150mm ~
600mme] Zolol x|, &4 27} Al gl AL 4 M Aol Hoh) 7)E 2=
AA7)E Aulgoz oA A o T

7=t 3T SN
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CONTROLLER
l
! RADIX HACK
DUGT ENTRY 7/ ATMS0 WITH
—I_L / INTERFACE LOOP
1/ | — I CARD CARDS
i/ | \
— - 1
ATM300 i !
SENSOR i |
i |
i i

srmrrmrearest
LOOP FEEDER LINKING
ATMAND SENSOR TO
CABLE BOTTLE JOINT !
ATME00 INTERFAGE CARD

<72l 2-55> RTM300 MX|X|H 2 ZAlz

E /«Ji AEED] 7i8]Re] AXE Radix Traffic RTM500 ¢lEJH|o) 2~ 71 12] & Ao 47)19)

EZfg RTM AAe} B4lo] 7Fsdb ®F 3U 160mm 2 7= (Eurocard) AAIZ TR2512
A|A g‘_j_ 2|7] 7lEE A w4 & F Q= AHo| &

Y, R Tl w15 9] 1) A FRe fARS ug B B e

TO CONTROLLER

TSNS SENSOR

CABLE BOTTLE SCUNT

<72l 2-56> RTM3002| == 21F|

ERE 52 Smart Micro AfollAes AR S44 oy HA7IE /WEsle] <™ 2-57>3 o]

-3

4~621(160 m Al AR} 7Fsd
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<72l 2-57> ImageSensing TtARR| QA ZX| MIA]

o) ERQe] 4 A S04 TEE BEHEE 0, AL 0, 4T X) % £ A 74 2
A7e A 4A7] VP

2 WY 25u ARV SEHAIE Al R A5 sl e
ol A% A 34 IdFe Haskel] AT

5 A7) QR ASEE b QukASl el AA7IR Aol AR SeX gt
Fuie] & (289hE AW WA F ekl EARA B Al ADL WAl
= A7 Aol EAlsle] A ARE B wiAEle] Boler ARkl Holz He)

e sk e 289

flo dlo

o)

MY R B
o

2
o

7= 3T 2uA
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<2l 2-58> ZI2AISH|0] 822 AHIMOZ ARE= X210 HX|7|

O UAZ HoZ L2 AF2RE HIT8E 289 24 52 Iy Yste] 9447
& ZEIPIE 8l ol wARE Zjjehe AFEe] ARRHAS AR FER= 7
T BHoh AR e ARl 7hssl] wiEell D198 unit extension time) 278 FhO=
T HO AR 5 Qs Aol slom W] AAE AAska S

HirlL— . BEAE

Fﬁlu

<72 2-59> ZX|7|of| ot PEMMEXIZ MF HE FEAE oA=
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Lt adic] f23=)ic]
/ BT B

s

AR ‘ LR
(7h A2k dx| 71E

<72l 2-60> U= 224l

O Y& s wAE 25 z;g o 93t 73;_};-@ BZE o

('—H =0 E=

<2 2-61> HAEE 14 495 =20}

(L) ZolEs  (Bh) 2L

o =S
<J2l 2-62> ZEY 74 204THE 228 =30 A AP

O 2FERAF NAHEFA FAS AL A 253k 2FFAA]7] SD450< AlFstar )low, A7
dYe FFIY(Z12m)¢ A9 (Z0.75m) 27 BRI E FEE. 3 A Alojr] BEAo] A%
5, MIT, UZR$S] AA ] 7Fsshy n5dAAlE Y AR s S48k 2% 4 fdle] U
A= =

7=t 3T SN

(Bl DIEAESAEY (@) DIEﬁ7I€-°.=1
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(70 SD-450 M5 (L) SD-450 ZX| CHELIE
<2l 2-63> AD|ERXE A|AHISEM F20lHX|7| SD-450

O 2WEBAF AZHERH TSN Q5K 3192 A32447] SCDET3000& TE8A)
AR ARFAE A% B4 AU WS Qor], 1) ZIEE o 1), T
A, SEAZ, AEWE] TP Arh VIR T pELe) AZe] 5

O ¥z AAVLe d=3E, FAAFe] AE W% I =3 rbesh 93 2eAl
E fol F= AR e

Oh) ABEZ oAk Zix|7| Ax| el (LD Zx| g
<2l 2-64> SCIDET-3000
O YEAZFAE|ALe] AAe)A MMl A% 2 A Hsh= w4 &% jo|2 AZdI=

A0 ZA, Passive WAL AL Fo) A 2018 A glon, vkt AAE A8l
T RAEAL ol§3kozA Aojie] A%, MaBA] A Snslge

O ZWERME Alz" &74 FA3Ae] d2eld4] A7) IR-MA, IR-SSE ACI00ve| 7%
Tos 8= o, glFdA o 3 HLF3FH, vloly FAASEE FAE
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[ mbomimm) |

sain

AL 10OV

(b 27| 2

<! 2-65> EIM HA U IR-MA ZA|E

O "= 5 weAdx=ol Aikshs wsd-sale Alofs 74 AA7] AA7] A F80] S=
ARBEA, BN T7E 9] Bzt 7hsshr] il A AlA T AR7F A7) At
gl fre Aol & 9 AL =

<08 2-66> FFVIA USHSRIS 0|88 S=2| A=A TOAZE HA|

O %79 ROSIMAR= 188 2 Al EfY 8 T AF HAAA 2SS st A2
ROSIMITS F-41 27] ©A7]1& ISM T3k TS 433Mhz, 487 Fak= Ad, 120 ©]E] S21(%F
Hah 75

R4S STR-IS=S

7=t 3T SN



HeE =9 5% A &8 24

Rosim wiraless vehicis detoction
SolBons(WVD+ WA can be
used fo replace loops totally In
the fiekd Adpative raffic signal
eontrol systam.

<Jgl 2-67> ROSIMAIY| ZHSS E2E o] AIAE

2 Qe
(Wireless access point; WAP)S 745 ™ RS232, ©]t4l, GPIO, GPRS %= 3G 5% o]&3l] ¥
A SAle] o]Fof3

uPower® A A HES D 7ee 7Rk s 933t 4] B glo] Ak Ade 37t
st wjd Algo] askA] 7] wieel &2 ARE bl Algol ks
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wireless vehicle detector

Adaptive traffic signal
* controlling

Traffic fiow monitoring

Red light and speed
enforcement

Corridor management

Urban traffic guiding

Traffic Performence
Measurement

<JZ! 2-69> ROSIM M RIZF ZHK| MIA

5 Ul AP S
7} GITSBANK

O @ITSBANKAS] -4 A7) AlA 2b A A2/l 245
ahH Fro| TS B At e AR Al=EY

IN
i
o

I o] AAEE TR FA

O FZFAelX e Ide AoA7I7HA] Adshz W40l obd F4 HA|Hloly 4l WA o= A
of Alefo] Har wlofe} T4l 7] Aol me} shke] Access Point7} 1170 il A 2,59270744) <]
AXel gl Falo] 7Fe 71 HolElEAl 71 MBSl 0.125 sec] 75 54702 MM} 5
Al EAVES)

X

73 10cm 2ol 57cm &) Fof wiygEA|7} TFsdte] A

O Fh AXHA ke Faol= 47
= A, FAR A Fo) AElel) MX ol Fhsd

Aofo] W= X wEF AL ¥

1P

7T 3T HuM
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<08 2-70> FITSBANKALR] FMAP |MIA RIZFHX] AlAE

BITSBANKAS] 541 A7JAE A P4 EA716e uigkow ekl B4ls) Bl
1319] Ao 1089 A71H ego] JFsdel J|E TP sleddeld nA 8 44
Wio] ofd AZEGCIE o §st] T4l Mol sslel AF F A4 39 2 dole B4
W So) WS B 41 WA & 5 Qo) £9o A AT

0 d i}%* AAE 3% A1AEE A 71eS 01831 Count & Presence HA] &, 2 EHLo]

FE-DS o83 22 & AROR 108 ov) 2] 7Fe(H7 10em, 2] 5.7cm, A3 o) F
Al AW A, #Ha A B 5 Al B2 Al EER)8H, So|x Ao Wi 10d0®
A7) A8l 7Fs

Access pomt Wireless Repeater 77HA 1715 ol&ate] AlA9} HolH 554l AP9} HolH
A, RPZE Elloly] FAilo] 7Fssh ol& Bet F4l B4l Bello] Jaslel=rt 7Fs

EHE HIA



R 22 ASNS MRS Uid S AVIEAP| 95288 3 488 Vi i 718 2

(71 FM X2 . (Eh Wireless Eh DE Als o7
(L} Access point
Ax|7| Repeater OlE{m|o|A

<8 2-71> FITSBANKS| FMAP |MIM RIZFAR| AIAE

O AzkE REEE 1 9ed e 2 WE AR A A HE AR 98 ve A
Ao} Aol T A AAANSDS AT 5 A

<2 2-72> FITSBANKALL| EIZES AlS A0 A|AE

Y. shjea2H

O A AN ARE SHam 449 ANYRE Beal] HHo) DEARN@ES, £5 HH
28 A= AA7) VDS Ao, 2 et A9l

7=t 3T SN



HeE =9 5% A &8 24

L

(@b XIxZ| VDS ZX|HIAM (Lh XIXP7| VDS AP (Ch X|xp| VDS H|o{~|

<O8 2-73> SiE| ARl MMM RIZFEX| AIAE

O AAZ] VDS Ao17](HNV-MVK)= Watchdog 7153 LCDE & A28l e gRlo] 7Fs3hy
A2 w5Y £5 4R, AA AR FR FZ0] 7Fs3MH 15inch F4) 02 7|8 HAsZ)

O AAZ] VDS AP(HNV-MVK-AP)= X|2Z7] VDS A AlAeA FA1AZ] somelujolA] F-
(Zigbee) 02 F21=1= AF AA ARE FARS422)CE A&}7] VDS Alof7]o] sy ¢
AE = UAIE RARE S8V &

e

O AA7] VDS AAAAHENV-MVK-S) = 4 534 dshsls A7Ap14 8818 2450 53
Age AASE AT AN Wicess A% A FHoE MAE AW FHE 8ol
s A0 AAE B9 wiEe FEelEe AR 59 olhe Asigon BA FAL
1§ HA AR ATl F5T

1 e 7S S

(ZH Operation Control Unit (L) Signal Control Unit

<2 2-74> DEA|AHIO| TSR 7|5 HE

O wEATA 7|8 Modem BT Common Mode AT 5000V BARRIERE 23] WHE 283}
HAE H19] 2E FHE FHIIYT, F7HHQI o] dAle] AA] oUA] §+ 9 RIS EE

EHE HIA



R 22 ASNS MRS Uid S AVIEAP| 95288 3 488 Vi i 718 2

AR

O Signal Control Unit(SCU)2] T4%& LSU, BSU, FLASH TAEo] glom &% AFAe ztn
U
g} A=A w523 AL

O 27| nEF3 A= 7 BTl AHEE ASIHYEY TS A 93] A 5@ s
o] M & 29 fXo Fash /d:ml(ﬂfOM BAEFAE FFsh wEAlEA 07,
LED X355, 3457, Zb gfjshs QA

E_/\] /\Fé}

(

O wErlEAe7l= AARE AZAle} Bl AR AlF, AF Aof7]%E, TOD A|oi7]%s:
Ao7)s, TRt oAl AA7] 87Fs, T4l 715l 'AE U+

b 2

<38 2-75> =87 | uESFAEAe| WESAMSH|0{7]

O
&

A7 WTS AR 2R —r@ﬂ% TAHRE wFATA|0)7] YielA Asishs A

7] Re B 7]eS B3 QAR Adesiezel] A9 vl SENSYS T4 AAF7] AA]7]
AHERE elx T8 B3PS B8l e
nl. &S

O @RS A5Y TEALUTS)OL BEHE S2AYS FhFoln] F2 VDssh G
VDSS] ZAHIHE 0% o] WEY, S S HlolES FHsle] AMEle] a7l o
o WAZLOR ASH AzEE L 2 Bojsn 9l

O =& A% WSBE AFOE AT )52 KL Y BEARFIAZDE Augon],
F7holere] TRglo] B3} Aol B <o) s

l:l

O T2 VDS ol§fe] Ay AASH= Zlo] YukalolA|zk Wao| wet BN o &

7=t 3T SN



HeE =9 5% A &8 24

v} TOPES
O Tkl 1B Bol Aol 48] =<1 TOPESE WEAR A|ZEHolox Unl wEAR 43
A=), G ABAR FRAAAE B AFHS AR AHE R 2 st e

O TLEAR FYPNE T50] GYTE o 83fe] TR e Ak AU E o] AzEle
2 2o MAsle] A2y Fhshe Aol ARGhPNE BN AFolrl S HEl

O sHehs A= 4 E(‘}a‘*‘ oS, 2 o), A AL WEEE)E Al Adsle] dAsd 4
HE 4% 529 aSARE Jolehs 7|x ARR A

E A TR R g

AL U AEA0l A7) A
O Feiyete] AZAE HA7] AJAES AT7HA] FZ2HA]719) ARgell 2 ofEstar AU
7] Wzol A 1) & o] il & 5 e

O FEAAZIE diAlsks AA7] 7so] 47199 7€ /MEE o]FoiX| 1 o} ofd7lA] =
2 7ledo] FlHofoF k= aH89] AYHAARA ), ZGIAA), ANAA = V&
F2} Akl 2 SIAF A 18-S dTsl] 2 £l ot e Y

O AHAHOZ IT AZEY0] 718 7Moo R sh= 7FeA0]e GAHA = U] ARIAIAA

EHE HIA



R WIS ZSNS A

01E DR S AP IAP| 9538 o 483t 7iE i 718 23

‘EHEAAEAL, EHIJQAZRN T RIZE

4Rl SN HANEE Aol Belsiel 71857 9@

AR

QS AAH R AR AR Basa glor,
A

A)(H A} AA) =

U AAAOIA 7EEs Bkl S
O FUEAL o8 FAVEE A @It N FHBNL ol8F FIAAES st
ROV} BAFET} GAlst] AGAelA SESI] o, %) F7F 2o AAH R e N
So B0l ehdst WA AR Ao BAET e
< 2-32> S2ILf RPHAP| M Mol U TN SF
] Sz U ARAA|
AR | - BUT GO A %Tﬂf
LA | - A1) SEE BT olgste] S8 A4 o
(Microwane) | + ZABAN ¥, 450 Tl & D
ey | * ZEEAVI FAAT Aol A A
- BRAIA opy, 3T ]
CAZ TE P WA 22t Wt SAA
RMCWElOl | Rjo)2 0|88l st Asb 24 ST
L AR o, sk
SeachColl | + BEGANS] BEolAE BAE $8T AP
R D L}; | e SO
L2 el GEel BEE ol FAo oA
TAFRBA ovgj} Dw:ll(-‘?‘jajq a) e W meazmame
S ATFAT V] A IS S sl A Sl A,
AAANEA7) | mAR O AsmAe AN QAL aTHe a2 | s
« e
gy | ¥ S ST A 4, o AEAATH
oy | F A TN B A,
N A=) A QA 2’ (2EA| 7
R S o189 e S e AR T
Aoz | vige] w 2B A
- Pk
L eAlol A BAAE BRG] B A AR | o)
Y ALAN B Srx 7|0l
BRI PP AIRE
(A7

A& ERUEICH (2017) LEXIE, unpublished

o

o

JLO\_]_

m{m

S
AT AEACIE 918 AR

Z2 FHFE o} AREER]Ol (wF

A REAR ST T2 S A 4

o u}g}l\-ol/]_ —715_
EXM Aol 3

Ao B AHAPI /‘P‘?MZH o] Hulan & 7133A7E Sk 2 A

7 |E3T 3TAH

g



HeE =9 5% A &8 24

oA AP R FHEA A7) AA7I7E FESEE T AEANE A7) AR

3L Y
o T WEUEACIE B Qxe} A%

O el AASE B8 TFASACYIE Afol def B $A Fas] ) 2

o
Aolg BAIG Az} Afe AEsIGom 1 Avks <E 2333 2ol 3 Yo Aol
FUSAL AR Aol T T U (F= A9 LIE

<E 2-33> =L ISAS2A0| ARBElIE SATIE olzet FHEt
olzg} =5 A4 TEFR) | Ais =
Ao
A& A9 giR-Ee] T - 751% | oFgE1 2
(PSTN/PSDN)
Ao
A 7% 50 tH 0.1% | 1& =29
(ADSL/VDSL)
AR A 9, ¢k 500471 13% | AR 38, AV S 5
CDMA Skl oA B 400374 1.0% | 3G °]s5ArI%
Mg, 3, TE X S
LTE ol oI R 500090 | 125% | 4G 0|52}
2k 2R EA -8 FEAHA) 719 tAIHEA7]

O ERAEEH2015) AeAlesdoR 28 7hsdt thal AA719) A5 (1 e s, Has, vl
FSES o)_/] 27 554 e A4 22 AR A FTt

O
s
O:
O

BYHR TP B AR HelFos HEst] 74 2Rt B BRABE FAS
WERL EA o A AR AAY

O S 8ol ARk A AZie GO UG oK o /e
2,49, 8, BF Dol FEAAY| fAR RO 2fglo] AEHolok sht Bk A
3} BAA I FEAAY9 2 Ael§ el 715 el aTHE Aow ANG

EHE HIA



Rl 7HIER ZSNS ROIR THEE SN XPIZAP| Hsa 2 M83) 714 Jigt 718 EuM
<E 2-34> EEnESCH £ HSMNSRY X 22 AX7| L SHRAS XA
Az AR A E 3 wF F (APAZE 1208
} A A7 = = —— =
D78 AL N 12+ FAE 22} AAIE
SR g Agzd — . . = . =
(=) S oA 2ol S oA 2ol
1t 132 111 21 85 97 14
9
A
HA7]
okzk 63 62 3 683 69 9
=1t 155 95 78 74 94 28
I
B
HA]7]
=4 66 58 16 62 7 28
C EMCW o]t 74#)7] 81 89 o4 7}t e
D T EZ AR 7] 99 59 40 59 59 4
o S2IALE 7V R QI AT
E FAHIRA 2L 355 418 69 errre
ok
X2 TR (2015) ZEUSHOMAL MAPIE &3, CRIS20 NEN S
713017 365 ETM



HeE =9 5% A &8 24

>
>
ux
H
=
o
dm
Qan
P
re
-
O
ook

O

B8 BAL 7l BRE s BRE V12U A95s Adse] Z4aae Asigon
A, TP, FUNE ARG ANFIL EHAYE BAL ANs] 7198 Fa5HE
A

734 DB+ KIPRIS, Patents-google, JUSTIA, Science directs 53 F= 7|5o= vl=, #4, ¢
2, Feiveke] 1990878 20173704 2499

<HE 2-35> 55| M Ci[0[EH|0|A S ZA 2

7= S8l 78 IE
 KIPRIS « JUSTIA
M DB
* Patents-google * Science direct
1] o al= Sk
=T, o=
24 He 1990.01.01. ~ 2017.11.30.( 279)
ZA B9 Title, Abstract, Claim
« X s MS - Geomagnetic » Radio Access point
. 22 A7) + Detector + Radio Frequency
o 2 A + Field Sensor * Vehicle Detector Board
« M AX|7| + \Vehicle Detection + Actuated signal
Keywords
« X|X7| BR|7] + Wireless * Relay Repeater
communication
« M EA 7|2 » Data Security
+ Signal Controller
« AX7| BE 7|& + Battery Capacity

<Ol 2-77> SiplES FE FIRIE

FYHESERCPO)= AolA FF0E AMEshe FAISSERIPCO7E B 7=l tSA7]
] o}d7] Wi GE vF, §Y 52 ¥R SIEFISE THE0] ARESIaL dslon,
|2 &l LAl He= Ad7|ezAtel tig ole -5 idshy] 98l FraSsdT n=53
o] CPCE F5°o2 7fdate] 20134 1€ 1¥5E ALEH7] A128199S

N

o

L@uel= 201540 1€ o)F AlfEdol| CPC, IPCE 37 HoJdla 9o CPCE ZAES R
5 IPCET ME3lE ESEFAAY. E872 Adr|exAs 98 n=, 74 &3 FE2

EHE HIA



R 22 ASNS MRS Uid S AVIEAP| 95288 3 488 Vi i 718 2

20129 A=Y, 20150 FA A AA SHEDE oF T1%7F PR EREHT Y 5 =
APlAE CPC, IPC &7 HAE tido=w 3

229 93] CPC ZE9} IPC ZEZ the3} o] AL83lgS

<E 2-36> 551 2 HOIEfI0IA I ZiM g

TE ALe FE
- GOTF17/246(xF%F 4 ©A171), G08G1/087(LE #1°1), GO8G1/09623(nL% A5 A H),
CPC FE HO4H 20/53(2% AH =217]), HMH20/55(% A R), GosG(xFEe] $1:)),
(12 70 GO8G1/00(xL % Ao} A 2=El), G08G5/0082(LE 7HAl), GO9B1Y/14(E),
F16H2059/605(2L 5 7 1), B60W2550/22(2L 5 A1), HO2K29/06(H1=] ZAA17])

- GOSG(RLFANAAA 225]), GO6QS030(LT, F41), HOAWA/00(F- 52U ES ),
HO4W28/18(F-415-4]), HAW(FASAIHES] ), HMQ(FHEAI),
HOAM3/42(F-X1 B2 ES] ), AG3H30/04(F-4 541, HO4BT24(X1 33 T4 B4,
HML12/28(F-41 B4 A2 A, B0Q126(1F 41 A=), B6OR21/01(2% A= 25

— 3] 2), BOOWA0/04(2 5 AE)), B61L23/08(x% A]o), B61123/22(2L 5 Alo}),
@ ) GO1S13/91(2LE AloY), GO6G7/76(2L%), GO8G1/00(nLE Ao} A28, GOSGIO7(WE
2% Aoy, GOsGI/09(7HA 1L AA A=), G08G1/095(LF A1E), GO8G1/087(F-
WF A|oY), GO8G1/097(ALFA AR 2E] FA)), GORGT/ON(RLFA| A 2=H),
GO9B19/14(LF FA)), HMH20/55(LF AHE), GOSG(AHF 7-1), G06Q50/30(LF F4),
E01F9/576(3L%), EOIF9/608(xL5 #91), HO2K29/14(& 5% ZAA17]), HO2K29/06(1 ]
Z4A171), HOIL31/119(7 A7)
O % Ao, wF A%, 4 A, AF FA7], aFAoA 8" 5 W FE F 45 NE ol&
sl & E3E FE3 5515 7INEEE HAVE FHOE AP, ‘uF, A, A7k
7P, Al T B Y ot HEE g IS AR T

9] 53] A4 719EE tiERTE SRR 871 719Ee] e s e
o A7 BRE A4 EeR g

7T 3T HuM



Hey =49 S8 2 &3 =4

<#H 2-37> ZETY S5 M JIRl=
T Wj: 5T | &ER 74 Keyword
N
AAA |- A E, QS 2R AR, A
A AAB | - A, 1, AE, dolA, I, 9, 5% AA
ABA |- AH, wF, AT, S, A, S, 9
AB | ABB |- A% uF, AT, A4S, A, AL A
oA ABC A, wE, AT, 7S, T, B4, Bk
ACA |- 2, 1%, A, 28, AR, AR, wiEE
A ACB | - 2k, %, A5, 1Hs, 27171, BiEfE]
AD A, 1w, AT, A, HE AR, &4
AAA | - traffic, signal, vehicle, actuated, geomagnetic, detector
AA B | traffic, signal, control, laser, loop, video image, sonic, vehicle detector
sensor
ABA - vehicle, detector, sensor, wireless, communication, radio, wave,
propagation
=9 A AB ABB | - vehicle, traffic, signal, actuated, wireless, communication, relay
ABC | - vehicle, traffic, signal, actuated, wireless, communication, security
ACA | - vehicle, traffic, signal, actuated, detector, sensor, battery
he ACB | - vehicle, traffic, signal, actuated, wireless, relay, repeater, battery
AD - vehicle, traffic, signal, controller, actuated, board, data, analysis
g 9= 2bE 55 59
O AzAlE A& 53 52 @IS AR 20079 o)F vld oF 2030 FEo| A%
ol E5|7} 5=2H90M 19909 1€ 1¥95E 201793 1€ 30¥7HA 476710] 522
O 2016 HLHAE S50 507102 71 gl 55)7F e5EeH eyt 45 19973
1735 AFRe = 20151334 2016 2} 671°] 54
O 7 @ AGHERE F3o] 17674(37.0%) % 7P Bom mvl= 1567(32.8%), LE 9071(18.9%),
Ve 547(11.3%) =%
EE HuM



R == 7

Oo'L—

IOA|S

RS D™ M XPAD| Y53y & 488t 712 i 718 HuN

< 2-38> LlSH0I8 AX7|= S5 SBURE ¥ =71E S530|
T ul= 4 = g S
2017 17 - 1 - 476
2016 28 15 4 3 458
2015 22 3 6 2 408
2014 11 12 6 1 375
2013 14 7 3 6 345
2012 2 4 8 315
2011 3 10 3 3 296
2010 1 9 5 18 271
2009 5 23 1 8 244
2008 12 2 6 207
2007 11 1 2 181
2006 17 15 - 3 160
2005 8 - 2 6 125
2004 - 12 1 4 109
2003 - 10 1 - 92
2002 2 9 3 3 81
2001 1 - 3 1 4
2000 - 6 - 2 59
1999 - 6 6 1 51
1998 2 1 1 1 38
1997 - 1 1 3 33
1996 - 2 - 3 28
1995 - 2 - - 23
1994 - - - 3 21
1993 - - - - 18
1992 - - - - 18
1991 - 2 - 1 18
~ 1990 - 13 - 2 15
3 A 156 176 54 90
(32.8%) (37.0%) (11.3%) (18.9%)
ot =9 7l -9 E55E 5%
O Az AA7E #d Hx 551552 20019 FAFA Adrle 17138 AlRe=Z 2017d EA)
54710] 5542
O U 7=l E356s ds AuEH Zepa] &87]eo] HA 5471 F 2370(42.6%)°0 T
3l 2010 o] % 7P sl AT Qs theoE FAFAl Aur)Eo] §HO0=E 14.8%

7= 3T 2uA



AR =2 5T 28 =

o sty UmA] 7|eEok= 10% PRl Ao=2 Yehd

FAEA AR)EL Rl FHEN FA71% FAEN HWlE A HErE 5
20104 of% A&Ho T B35S0 AW Slo} AA] W IE B FAY] WEEE
Ed % 1700 Bk AoR Vepd

e)o] A AT HAZE BE Es= 2 7|EHEoA 19943 o]F GASH S=FHI S
o ] 7[R E87]&0] 2.6%= AFTH W s FAFA Au)E 20.9%, FA5A
ZA714 20.1%, 71EPEA] 88714 173% o2 Blud 124 S253 9e

AR B71ee oF s2uRA O EF ) AR B2 ok Aol 20124 ol uid
520] WA 3

]o
o=




R ZRdE ZISAS

RS D™ M XPAD| Y53y & 488t 712 i 718 HuN

28

7le

A7)
HiERE]
=

i 2

N
>

ACB

5

A

2017

2016

(9,

2015

—_
o

2014

2013

2012

2011

2010

2009

2008

2007

2006

2005

2004

— O ||| = ||~ || O

2003

—_—

2002

2001

2000

1999

1998

1997

1996

1995

1994

1993

1992

1991

~ 1990

S|IC || O |O ||| |||~ |WwW

A

4
(7.4%)

23
(42.6%)

8
(14.8%)

5
(9.3%)

(11.1%)

I
(1.9%)

1
(1.9%)

6
(11.1%)

54
(100.0%)

7= 3T 2uA



ur

|| 2k

=1

2-40> & 7|

<z

—_
N
—_ a &
A e R I IR TR R R RS R S = A R N R R A R Al S =
=
~ <
‘NE% m131213324.1.._53.12___1____1 MW
e TN =
— I
N o
ﬂw\%ﬁ m3494.4..1215__2_.__1_1.___1_ %W
No = ™ | < 2
1
e Y < <
yA.._ ‘I_:_AI‘E‘LVH%E C15_2_1423__31__3.11__213___6 m/JM/w
il
N
ﬂl_l —~ @
g - S
7U‘AL,ALOL%M37315_21342325_1._1___._____%2
o [FF e # R =
~
kY
=
N =
_ = S
MHLAL‘MA%M37546226&96353532131_11.___.I._%wl.
O_ODTEOXT_/ m
—~
;!
N
T A < S
a8 t|lo|lo|lo|lnn|on|S|lajlo| | |lolal—~a|—~|a|—=|—=|—] | | ] ] |—=]1] &
o o %2 S
KN K
~
s
MMM%%MIU_27122559MZ__211112_.____7 BAO.J
N ™ BN =
~
N <
1&&0%m122152____33___1.__1_.1._____HW
ﬂﬁa_/ La)
~
il slasz|slzsss2S S S sSl2SI22R|RNE|KQ|RB|R|= in
222222222222222222111111111N o

EHE HIA



R 22 ASNS MRS Uid S AVIEAP| 95288 3 488 Vi i 718 2

78 Y 55 552 Z|EPEA E87)e 2370(42.6%), FAEA Hurle 871(14.8%),
HoW& 674(11.1%), AR BE7E 673(11.1%), TATA FA17]1% 57(9.3%), AR
7] B871%E 47(74%), AAZ] WiEIEZ1E 1(1.9%), SA417]1 WElE)7]E 17(1.96%) <=

== == == %6:] Zﬂ“/—}: 2=
&5 T At 78 A
N H| &
AAA 4 7.4% A2 S871e
AA 71epakal
AAB 23 42.6%
’ #871%
B
ABA 8 14.8%
’ A}l
PAEA
AB ABB 5 93% oo
A&
A
PHEA
ABC 6 11.1%
HeV|&
ACA 1 1.9% i R
g7
AC
ACB 1 1.9% il
o LEERES
AD 6 11.1% AA7] REr)e

v 947168 T3 555 53

O Y= E315% 93k Ve 2871 347(21.8%), FAEA AurlE 3074(19.2%), FA%
2 FA7IE 2573(16.0%), SA7] WEE]7 & 2470(15.4%), T84 BHb)E 227(14.1%), AA
7] E871% 147109.0%), AR WiEIZ71E 474(2.6%), HA7] RE71E 37(1.9%) <

7T 3T HuM



HeE =9 5% A &8 24

<& 0-42> 7[EBH| 7| 2R 0|2 S| 52 HY

E3 2%
WER | FRR ARE r i Neas
T =
AAA 14 9.0% 27| E871E
AA AAB 34 21.8% 7IERd
o F47)%
B
ABA 30 19.2%
’ A&
TAEA
AB ABB 25 16.0% .
A A&
EREY
ABC o) 14.10
% ol
ACA 4 2.6% paid
o 0
AC e g]7]&
Z=A7]
ACB 24 15.4% R
Rz
AD 3 1.9% A7) Redls
vl 84| 1 5968 5%

5
I
d
il
ri
N
S

3o Ve 81 2 AR SAVIE, AAY] RErle 7 30
(17.1%), FAEX Aul7]E 287(15.9%), AA7] vlElE]7]E 257(14.2%), FA54 Hol7|<% |
7(102%), AA7] B871& 87(4.6%), A7) MElE)7 & 77(4.0%) <=4

2
=
2=

=

<E 2-43> 7|8l 7|z ERE wE 55 S5 ©F

oo}

IR =h= AR= 591 A5 e 84
AAA 8 17.1% A 27| E87)E
AA AAB 30 17.1% s
o 487)%
BN
ABA 28 17.1%
’ e
TAEA
AB ABB 30 15.9%
N ’ FA7%
TAEA
0,
ABC 18 14.2% Hob|
ACA 25 10.2% iad
A 0 L EEHE
ACB 7 4.6% A
o L EEHE
AD 30 4.0% AA7] HEJ|%
AE HTN



R 22 ASNS MRS Uid S AVIEAP| 95288 3 488 Vi i 718 2

O YEo EFSEL FXAl Au|E 3071(33.3%), FAFA SAVE 2973(32.2%), AA7] Y
HE7E 117(122%), 71EPE] 28714 97(10.0%), A7) WEl2)7]& 774(7.8%), FA5A B
o1& 37(3.3%), AA7] REZ|E 17(1.1%), AA7] E-87]% 071(0.0%) =Y

<E 2-44> 7|EIH| 7|& ERY U= S5 52 H3

_ 53 A4
ER | FER AR — _ 7% g4
N H]&
AAA 0 0.0% A &871E
AA 10.0% 71ERE2]
AAB 9 . .
° F87)%
ERES
3.3
ABA 30 33.3% A%
ER e
AB ABB 29 32.2%
’ 7%
A FAEA
()
ABC 3 3.3% el
y Z|2}7]
ACA 1 12.29
A ’ REERES
ACB 7 7.8% Sad
o Eeje] 7%
AD 1 1.1% HA7) Rerls

O Seue] A9 Sl 87140 S5I5E HH8o] N6%E TS Eor Yue) A9 ¥

AEA A7) 33.3%, FAA54A FA4)7] A= e

)y
W
IS
l\g_l
X

O 49 3¢ A 2&riest 7Iepds 2871, FASN Aulse] 4 17.1%0] i<
ol BBl FAVIEY FATA HP|ER 150 o2 1E AFES B v=9

L1 ]

3ol ZIehg Z-840] 21.8%% 7P o A FARBH ARt om uE Has
e

=

7= 3T 2uA



s u

=
ra
Bl

d

iy ify
m
0 4o
al
™
rl
I
_I
)y

==
mor3
qu
fioc. S0,

2. % O 5 &4

7h et A

Qe

O 23 AA|& #E Adgd++= 55 B4 595k 1990 1€ 195H 20173 119 30€7}
A F7ANES FA0E B

O ZADBE FEWETSIENEY ¥ FRAEATY, BRANEATY B et EA
HAIE QTHIADBE AASGOH ATAY W, ATIA BIA W, dTEIN 252
SCRCER:

<E 0-45> 2 7|EniN| B M0IT ZA o

TE 53 = 7€
- TEUFH7|ENEY A7HIA B DB

- FaEdTd ATHaA B2 DB

- A7) EATY AT RaA B2 DB

- ZEATY dTEIA #2 DB

- AEATY dTEIA #e DB

AADB | onsed nEasled ATRuA Be DB
- HES| G AFEIA #E] DB
- A4471€H A28 (CODIL) 91H214 #2] DB
- =7}38}71& A4 HANE] (National Digital Science Library; NDSL) &3R4 ¥
DB

B W 1990.01.01. ~ 2017.11.30. (2F 27d)

AN 719 = WEAT, AT, T AR, HAA7

AN e ATARY W, AT RuA o, AFRIA 22




R 22 ASNS MRS Uid S AVIEAP| 95288 3 488 Vi i 718 2

u = AT A4 st

O =Wl AdATE % 35710] AAHglon 8 FR7|de AT Bl SEwER, A
Abslz|dels] 9 Bl oelold A A9 Vet ST, FEeddd et
20101 o]F F& ©]

ol

<E 2-46> 2o} 7| DRt Ty o1

AT :
. (AT = A2 ATAY
]
EEAEFUAT
2017 |- OAE AzAY7) AAE AL AT b
BA
ENEs|%EE7
017 |- REATHRE Wi GPADLAR Y HI1E AL dae | @;AE
1l H
- AAQIA F|Rke] AAZE AR S TAEE A3 A FENES] SRS
2017 AT
A7 Eakel A28 A 74
ENE7]|EARS
2017 | - T gloltl- A E014] Baty RolmEtkigu st opgmr | ]]f s
AlH
oy | AN AN BATAR A g e & WA wEAn o Z2719
ZYPE S T gEa e
. EEuEFdAT
2016 | - G AEAHE FEUL AT 7184
HIA
H2AR7)EAT7Y
006 | - WA AEYH YL o3 ER AR 483} /)% A A% B ;j]j T
B 2EAD AEAAE 9% AAAY] duelE 2 88 ) F2AM7)EAT7Y
2016 e - BRI
B NAE A E
ENE7|ESAS
016 | - TMRAAZIES 283 248 2\27] VDS s | i ]f tast
WE oLAHS 93k = A} 7]Hke] wE A FAFx 7% g
016 | 0 A% HDF 94 719 LF AR A e okrd | EEARIEAY
WELA A 2E A
ENET|SARS
2016 | - dolt] 71uk 2vkE HepAR A 2 A zga | %]:‘T past
Al
s | TFEBPIE AR BERAN1E AL AAY meagn | EEAATIEATR
Au) 2~ 153} 7S R HA
EuEr]EEd
015 |- ARG EY WENE FHLNE ML e | %AE
H
2015 | - WEAANEE ASFREAATS) BAED D AEA A AT | BAs 7| EATR A

7T 3T HuM



HeE =9 5% A &8 24

<HE AL> ZSH0] 7Y 2 =L o5t

e 2
e HA(AT) B A2 AT
O
- AFRAAZI(VD)E o83 A 2 AFAR LA H] . S AT
2015 Rins ks
Vs HA
EEuEIHAT
2015 | - FESAIA2H MR)7)E AHY At A
o TEWE7]|EE3]
2014 | - AA] AAE SE3 FIFAR Al2E FES 2 AR upzlg
AT
5 =2usaId
2013 | - AZwARE HEY AAANZE 138 At 14
] AT ATY
2013 | - U-TSD(Traffic Surveillance&Detection)”]& 7]t =g soquA2l
2013 | - 2 zEE L TS o] 83 A A 2 BR Al2E) YR UHATARR| LAY
3 S AT
2012 | - HD(High-quality and Durable) X} %]7] 7ig Skl A
AtAFE7 &
2011 | - #eld AF A4S s Aels) AR oI5 e
H
TENFHI|E
. 5 ) } JUE
2011 | - AARE ERE A2 T]E A A AEAI
2012 | - ZAD) FATA AEA A 2E 7] 284 A4 ERnDA A
2011 | - =AY FABANEA ] A28 71EA%E} Ao]E] A=Ak
S AT
. E o —aZ3lA Z= 78 7}L] o
2010 2E 9 =234 Axr|E e A
} st 3 Erlend
2010 | - AFIAE o BAE B A A AlA i A1
- AMRAIME o] 83t A FAMMRER HF7A _ A E7 SN
2009 o] &%
Al AR
v},’-ﬂ_ﬂ_isﬂ Al 7] %7]1 nlk-
2008 | - FpHT) BAEA AzAlo] A2 A HFRTA £9% A -
H
2007 | - OAESE 7HRAS A% SRR =z TRt ol TEATY AFEIA
. e i ~ TR =2 FAL
2006 | - @A7IRE ARFAA S o] 8% EEE HU ANd 0719 Atm A
2EA A AZ;(XL \31 o)A ] fex] Hﬂ/\@ Ei%—/\}
2006 | - AFHA] A5e] 528 A L AYAA AF a5 A A
5 3 5 AFELFA
2005 | - FHFAEHY DB SA A A|2H] d8g A A
. _1]:_/\]-0 )‘\J‘_y‘ 9] A \;49_%17‘;_—11:‘305].
o | TS dEaAe) &% Fe st 4 BYE | OISR
WEA A 7)7] A
212k 1) BXS 93 Zoj o 3]
00 2R 2 wF5EAS 9% gE9d wEEeld HA Ap JRIREpPS
4ES
2003 | - AHAAE FUATAR AE 2 A5 AR 2002 ITS A7F7EAY
AE BN



R 22 ASNS MRS Uid S AVIEAP| 95288 3 488 Vi i 718 2

(1) U-TSD(Traffic Surveillance & Detection) 7]1< 7)H2013, SF=AAZAIATY)
D 7 54

O Traffic Surveillance & Detection 7]&-2 ITS #oke] AlTA|o), nEAE wFEALLL 337, AsHss
T O Avlxd S8EE uEE ARE, §5 59 AARE B2 SR EE HAAANE
3l k] B4 - Algehs 71EY

O F8 I&ER IE AVHER 5 340 =298 oz 11s =g} 75 9 Siv}
foIgt uA A, AH]8-2] Traffic Surveillance & Detection 7]&°] Z Q3P An]g, A= 11
21844 e] USN 7]8F Traffic Surveillance & Detection Al2ElS 7fdsie] A=H2l2] Global
Traffic Surveillance & Detection Map' 2 &3} y-1 % Hof Uz 85 53 A% AHS
ZRE d7E 7Y
2 8 AT U

O B3F s, &5

MUEH S Al=H] 74

St Traffic R SR A EE] 79 AR, 249 w2EF A

ATE FYSIGE

Mt o

TG A E AR AFHAE A== W, SW, sH-3 7

=280 Adsta Aojde AlFshs AlM UENA W i

AFAA A rEte] AFS T3l &5 WTH
old HW, S/W, 314 71t

O HzEAE 75 4ge g ¥ AFEAN 47 AP hIOE WEY S= 5 wEHR
BUHY 3 A B L Aiasr)se] 45E FYY

<J2! 2-79> CHA HIAE H|= MX| 727t
(K= U-TSD 7|7, 2013, SI=AAIEAI0ITR)

7= 3T 2uA



Hey =49 S8 2 &3 =4

T as. o !
U-TSD &8 Aj2H sty =l O BuEy © clu LEEE]

MR

T ey 0

ABARNOIR TR AR

Y wEanl ECLEE
W g as ERr TS

<Ogl 2-80> U-TSD A[AE! MAIZECoE 8 & A
(RE: U-TSD 77, 2013, SERRAREAIONY)

3 Fa A%

<! 2-81> MME 519 2! x| & MAMLE 523
(K= U-TSD 7127id, 2013, SI=RRISAIHIH)

O ITS A&7 AU ITS 85 B7PgelA AAlskal AFlEE 20128 52 7958 33 4
AL FFFE 2013 39 1997 E 393 AABIAE

O ARE 4% 9 3 2 ) ARF DS o F wlel F4 AN wug mmd o)
Rekfov], S¥Y Yol w58 JBT} Y 7 VNN s} T4 AAse Hofeid

I>~
o[[‘
o,
L
=<
>
rir
F‘J
:
4br
b
é
>
rlr
B
%)
0y
!

dod 18l ArEolMe dEes Wk




R 22 ASNS MRS Uid S AVIEAP| 95288 3 488 Vi i 718 2

) 4] ! 1% #x7) @A Al
(7R e (el 2] £4)

<JZl 2-82> =X|2H TS ASHI &4 2 MM == MX| K]
(Rk=: U-TSD 7127, 2013, SIRRIEAICR)

Wag
| ] CARA =
LA CLOSE
)
S ‘
SOUSE  :
"
] i
™y [Ee] .

[T T [

1 § JEH
== 1% — = |
T b o {81
(148 Wx [Fva (9] 22 ] S 2 |8
AT Wx @i WlE (Visesios il
G [ 1 T San.  SeewTee s
E R S P!
e wWE WE B =
BE B W "
L. WM 0% WW 0w w
2 . m®, M w0ss + 2
e = MR L e = ~
Rt ferme 1 V] EL m "
[ sensems |
| Seianen. |

<7 2-83> aAlZt AP [AS JIAEH H HSEM S/W iR
(Ri=: U-TSD 71871, 2013, SI=FiRISIoE)

7=t 3T SN

- 100 —



AR =2 5T 28 =

@ A WE Y BN T Aol 24 A0, FEAATAT)

5 5
o L
2
1 5
o

I
1

2 sx A2 A
APk FPse, RE FE AAC W3 2940 AA8S D 2R 5ol BARE 2
of 3% ATIAE AAE olgste] Aol A7V B4 BA3le] 0% olde] AFEE Hus
B G5 RIS AT 5 dE A 24 BN LS e

i

O Aol 23t A A7|e] WS 7 AFo] BF t2ra gt xeke] A |1d 42
A 9 BA3le] o] F3) kel AFE ©<ed] Gaussian FERQ] 187} ozt ]5— o]
255 Yehln 2z 3YRth o] AEg E40] 7hede AAR

A

Aol Aol HAAEiS wl st RlE Ao WeteRE A HAlsiNeS ot
7] S HoE A7 Al71e] HEkE 24

2 T8 AT UE

O AR ANBES HA 8 ARHEOR Alads vF UL AFS A4S 28
A4 B AL

rlo

MEE A7) M= 0.1mGe] BalldeS 7IAH 7] A 2% test Als8ZA3} 20 CollA
249 1 Gauss® A7 -20ColA 098 Gauss 123l 80C 1. 03 Gauss = =AFo]
AL 95% FFoF B

I Fa& A%

O 3tle AAE FA0) AAF ¥ 1000he] Aol e ANEL ZARINOH 93%e] A 2
AEL 1YL o] BAR AL FAAT] dAwd] 22 A4S 5 B4 Agow Bag

EHE HIA

- 101 -



R 22 ASNS MRS Uid S AVIEAP| 95288 3 488 Vi i 718 2

e _"_'_-‘\___,'LfL'\

sol U3
, SIZRRTICITL)
() AVRAIAE 0] 83+ AAY TAAX REF MR A2 71EH2000, 73] thstw)
D 7 =4
O AMR AARAE 0] 83k AAHEM A A28 AMRAAN BES} 7]E, Ay FAs

2714, A58 Sensor Network 7|&S T3l 2] =30 HAARE AAZto = #Ae], =4

b

sl AzHoR AgAe] FAME AT £eH FAWY NS BHow 3
2 F8 AT e 9 47
O AMRANE o]83 A-e ABLA T4 (BRANFA AK) 25 A

O AXMAEHR=EAY 71 SHW, FW) 7IE 51 245 Aloj7]9] v FAlA0] M 7

7=t 3T SN

- 102 —



Hey =49 S

<2l 2-86> MM AlMZ
(RI2: AVRHME 0|85t A2 SHMMPEDL HOZK| AR JHl, 2009, Z3[H5tm)

Sensing by magnetometer

: S ——
rawData I

L}

L PR e P PP B TR e PR Y P TR ETE ]

Local average

| localfvg = 0.9%localivg + 0.1%rawData =1 -
b =i L L

squaring the diff e e T e P T e e T T T

between local averag
current raw data

| .
A 1 L

TN RN A RN RS TSR A ST I AT

+ - e=(rawData. localavg)a2

Low-pass fillenng

- f=Low-pass filtered e

Moving average

l - MA = {f[n-39]+f[n-38]+...+f[n]} / 40

Min-max detection

Modified Min-max Detection Algorithm
<Og 2-87> FA M7 L1125 7L
(RiZ: AMRMAEZ 0123t XfRf2 DAMMDET FHRAR| AT 71, 2000, Z5IH5t)
() AAZNE 287 BAFAHRAZE AES 9 AABH01, o120l 2]

D A £3

TYFAEATA =R ST oAl B VIS FARe] ThsE Stiske T o)
5

S EA Aas) D3, PGS P AR 22af go) 0k Has Ade BHow

- 103 —

EHE HIA



R 22 ASNS MRS Uid S AVIEAP| 95288 3 488 Vi i 718 2

[ei3
=

O =29 vWlgsles AR B Aazdxe] oA Sta 2 B4l AdA FRE J8s)
H wEg] 3XHe 571 FRshke Ve
2 F8 AT e

O AFEEY A% AZ 2 oA SRE 93 33 43S F38h] Y8 Bl2EHE 7= 2 4

g A

(] |

@ ; Remate
/ Desktop
® 7958 07 il
e

@ HESHEH

<O8l 2-88> HIAEH|E AIAE FHE G XX MM HX|
(N2 AP IME 225t SEFRPYRAAG AZS| U AIRIE], 2014, O[RIAOMAI)

- FAPE 140 AAZJAAME AR, A YFAA] 1SetE AA|5HA, 2013.06 ~2013.09 o Z2A
A 29 A% Harl2 33.9C HuPdr 165 oM E A sAek

T2 1490l EAE AAAA M e FARE 2710 FARAI FA AAE
o] e3%AleI o, FAEEC] SR olF2e Ayt Bl Bl At gt e Atz

85% <=

- AAZAA) W WEEle] WA S8 EUAo R BustnE AF AR A YA
MY FE F FHAY] 01V FIHo] 28 5B 5, HY 20t PTF A0 ehd

- A% A7 Fol AABAEA AN B2 vl BA3 Az Aele] 449
AA7) o] Ar @A Welo] WA HA FAHE B

7=t 3T SN

- 104 —



AR =2 5T 28 =

<28 2-89> XXMM H XASAHZA| AMIZF H=
(R XA HIME 285 SHFARYLANE HESH 3 AfRISh 2014, OIRIAOIHOIN)

() Aswat=g vy HAA2E 7H2013, EEuF3H

D g E3

O F=4
J%L ‘3—4 Aoz 3 AAeHe *WOWW Astrl7ls TAE T, 71E w2 d AAAAE

A2 gEsle Wad ARl ARt §ARg ZEAA o gl glow, wad
Wxﬂﬁli A8 ol AsAClE 7 AALES AL A2 99 2o

O doly ZA719] AA92-e Front-Fire¥2]7} Side-FirelH4 02 FEEH, U] AlawztzE %
F8ke 11335k Side-Fire2]-2 AEIgH

- Front-Fire : k&l ths MwolA HAsk= 2, A4 2 A
02 FlM zdshs 23l Akl AAY °E‘°ﬂ AHshs 45 Al Bl B = e

- Side-Fire : ZHA AR sR= W20 2A 2peko] Hobd-GEE=
2 AAFYS AAFOZA ol FAE AT & glon, iLlH 25T A AR
THA| AX7} Bolstal &84 Wl adt WAeA] e
O & H2EE 7|& F24X7] t¥] gloly AA7] A5 HuE sty g AA7E A

of dxsle] HZES 3y

- FEAA] - HIH Ui(ER QxR el Tl BAY), AR 104 A 1784

EHE HIA

- 105 —



R 22 ASNS MRS Uid S AVIEAP| 95288 3 488 Vi i 718 2

#lo|q Zx|7|(Do1) H| @ Cfd FxHx|7|3(D11)

20| #xX|7|(D01)

Rox||

<E2REST MHE>

%Eg;‘;l;l ﬁ

<08l 2-90> FZAX| H o[ AHX[7| HX|XIH
(RI2: ASWARE B ZRNAZ JH, 2013, T2USTH)

3 8 Ay

O A5H7H A3k IMCW $24)9) dlold) ZA71e Aeke] FaAA 8 FRAtele] BT et A
8517) ol SIS spels o) F2Alack ol Ao ves o1
HANZA B A A A D FABY uIg BLo] oy

<E 2-47> NS TU BAM xj2Y Zo}

B} i 24 Az}
N « HEETL SAET) B84 AT Asidt
° « WA BTA vEEE moud g 2] 7ko] Alsk
&% - ukET SAZIE 9 E2 R gk glo] oF 95% olke] ABE g
- NI GAZE] HEEol g
Z35
& - AR g ofd (AT : BF 87%)
oAl ATH O R WY FALE %A AR} A 2 S
e - HHE ABA oHE@E 1%
EIESEINEY! - AR oE HHAZE B uEGARL) o 43 AER HETIL BS
" « AAA AA7), A0 AA7) A8 Pe

7= 3T 2uA

- 106 —



HeE =9 5% A &8 24

(6) HD(High-quality and Durable)xtF 712]7] 7§H2012, Sk=7127 A7)

D 7 53

O AFERZAL 7FsT AVC AA71E BXshL, 2770e] HA7] 84X Aole EF 24 A)
A E24 T B A BLL U LEF AR £ 5T 44719 ApRe BHow

3}
=

2 F8 AT e

- sl M WRES A28 il PANE AU PLRE TR 1
2N DS FAHES W STUAT A P U G FE 5 DA

FIIL Gl FIIAYIE HPYOM, HAFARS FHNA FIAA| R Rl A7)

- 107 -



X 72 2S4S

[S)

RS D™ M XPAD| Y53y & 488t 712 i 718 HuN

{b) 44 ohd

S L STERITE LTI I T

{ch #Aoj7] R AA

<72l 2-91> AVC AX|7|e| 1Zt

X WSA= =T oAl
(Ri2: HD ARIRP| 4, 2012, S=3247[50172)

J 8 Ax

O /IE HD AFAR)7 )=
o} 7E HAA71E A

c )
g m Bt A% YusY A 2EY 0 DEY
BF EAROE Ao/} g Ao Y

_

LA EAOET

v
P o R

(b) =

b

(c) AAZIAAZNTCMC) BE

<72l 2-92> X|AP| X719 M 2 2=

(K2 HD XD | i, 2012, BRI et
7|&2 3EH BN

- 108 —



AR =2 5T 28 =

(7) 2 FdEAl AsAlo A 2=H 71eAlizi2012, AI]))
D A =4

O 71 8 AF ZAY FAFA AFA A28 Apbe] AiE sElog 7|2 AsAol g
e Bl FAdEA ‘;‘ H| H’é‘—; JLE%*E THEAE MEate] A waRE gdos
75 2GS T AE 2Y Ade BHow

O &3 fA/8E)7) g0l nlujdale] HRAA L FFxFeH Probe) AAE A7 Z S BFA
H 3 AAE 7531 Aloje] AaA Feto] rsgh Xlzﬂ/\]ﬂ AYAIZE T3 2 AARE
BEIHEARE AHESH A %9 7 Alzgle] A < HATEEE G

- AT T AlEA| oA 2Bl o A= 2003 F5E] 2008 71A] F 5dzke] ATk B
DSRC F-X154l 7]8ke] wEATA0] A|AHS /sl

- G 712 Ul slolss ] BgEo] Tt wH|sle] ASLYAAE O 2 ThEAEE
Q1 Yo, AMgskE FXIE 19l A el Jvkal & H‘ii%

- 2007 ZAIH FA5R A EA oA 28 A SAH7IA] TSR] SR RS 4T%
2 FL AT &

O 71& B84 VDS ZHoIM == 7|2 S HR(uTE, &5, @%z%) 019401] AFAT Ao}
of & 7Fsd F7F BRE AT T e |

[e)
= WAE VDS A

O 7WEE DSRC FAEA HAA 7= QFFAl HIZE M=o F 107] AX|sle] @ AdES 913
FAGE HHs) 318"

<28 2-93> FUSH Ax[7| FHoIF H E £
Rz RO SIS ASHOWAY 7isAleist, 2012, A2

- 109 —



R 22 ASNS MRS Uid S AVIEAP| 95288 3 488 Vi i 718 2

<J% 2-94> XHuSHEE o /W =t
(RiZ: RIMIEH RHEA ASHOK AR 71SAIRISE 2012, ARl

tholl theh AfR= Azgayt E4e ol ML Al=de] wesd Wl oigh w2
A

O ALy e o B Ao /st dugES 283 AEgoldEsS
T 709 crell gig wAE FAR AAE B dy) AR wAE 53
9 21.5% FHARLE A AAANELS 7.8% o A adE Yepd, YarjaAEle
2.6%, AAATE 5.6%5 UERH 142 AlsA|of9} vt o= eRd

SA 2 SA 1 z =

170m  187m  2lém 357 B33m d70e BEAm FiSm 05w Q0w

S oeeeeeee00e

I

Rl
S ik

L
L r
My
LT

R ==k

LT
. PP ]

<O 2-05> A2 CHITZHOIMA| Bok2)
(K= ZMICH FAS L MSHOAAZ 7 IsAIE] 2012, MIRI)

7=t 3T SN

- 110 —



MRE Ak 5 L Y 2

8) T4 dlolg-riagls] By FluFudn] /2017, Hodrr]E)
D 7 54

O 2Hgel 59 72, AAE

2437) 9% deltisl BRRE B4 BYS] 918 BIHA) o
TR 89 Gl O APAEAAANIEE TEH] AT QAP A2 AR PEe

Ao glo] dgRTo R
HE BEHow g
2 T8 AT UE
O Fd dold AlAolxe] Holg 3+ g8 falix &3 Wi 71 78 2 GUI(Graphic User
Interface) SW B! #lo|ejollA A€ 78 Aakol] thighk YA(A, 4%) AR 79| vtz 2}
P <l YTEIES TEY

- HE|ZEYOIA 247 W A o) AT SAe S1 Hol £ AE AT e FX

- TRIE glolr £ A=S 93 g~

o o=

O 2vlE Fuie} volX DSPE H8E s 4 4w

HE Q1Y darElF of4, 2nkE Jhjel APz <
2} A#et Holn] wE/H FRE 0|87 §-& ﬂ% g3l 7hiet f DSP 7]4ke] ANPR}
252 7Rk glolu-AFHE 4 §3Alo)7] dAIFS] ANPR-RADAR &3t BHE 7, o
A= Fold 45 ATe A7 T e X

- OM . e rﬁl\g Rk [fi—g—-ﬁ:—f#_?—lfﬁr] ﬁ

‘(d—-x_:\;) [Arm 53] e \—‘
[CERE] > -\“_ln X
) 3 —— - =

4
M .
914

Tg R 4 <

AN AdE | T,
e

Lt S
485% 4]

m s Aeeliso] e l

EERINA
elE 74
A%

<ZLE'.5. 2-96> A|AE! LIEA

(M= TRk 20|E-AIHS0IM =8l ReISTHETH| T, 2017, Z0FERV1E)

- 111 -



R 22 ASNS MRS Uid S AVIEAP| 95288 3 488 Vi i 718 2

Oo'L—

V7252578

725 2576

4
1

<721 2-97> 0|5 K| QoM KZHHSE OIAl

(N=: DR 2OC-RIFHeRM S FRluSHESH| 1Y, 2017, ZI0F8EY1S)
O @l MEQIHE AsEl2E A3t Q4E o1, dolok By WEBLEA] AsE|2E A3
sigov] Al el %
4% e ¥ AR

L

¥
08*:‘,
QL
2
i
=
AC)
C oy
{0
s
ol
u
i)
m
e

<iE 2-48> 85 FIt 2ot

T2 A & B34 AsH7y AR
et =4 9l 22 222 22} E
;di:]ii AIAE 95% o’ 97%
BN B A= 222 222
=4 715 &5 0~250km/h 0~250km/h
tjo]t}- Aty B5E 80% ©)%d 92.5%
WA S Q1Y O/ 2% Mgk 0.3%
A SEI2E £5 A& + 5% o3} + 3.8%
& T 0FE 2% ©lst 0.67%
E£547 Ealls Tkm/h 0.36km/h

@) 57 2EjEle AMEE ol 87 A 77 D B AlRE013, A Rus)

D g E3
O A3z 749 2HgL 7MElE o] &sle] FaF Ao 33 ARE Aoz 353}
T 9 Ay AHE ARCEAN 47 QAT 25 WEl agAr H)oll ek A

AA 7e e 540w ¢

HAES 53] 98 3239 HEE world coordinate® YERYo] #f ZH|¢d

7T 3T HuM

- 112 -



HeE =9 5% A &8 24

nih SRS FAse] 5P A ol5ANE Teigon ey 2P ZHY £E

=l | e S 42 A FAH 47 AL

<Ol 2-98> Af2F ZX| oflA|
(RE2: 4] AR 7I0RIS 013t XIg 2| & 2§ ARE, 2013, Z=Cfsh)

O AHEL W0%Z oK HokAle 0E BPoP ok A% tAR] EANES e % TAelel
A9lo % ofF shdsly] Sla A% ARel 344 ARE Y53 sgor} WA HE
3 T8 A

O A% BRoIA 71z skenT $5% A9E 9F ZAGAT A% AA 2 AUEE

SAME 4 ZHEL 7} AlsEe] st AE B

<E 2-49> BE 2N =

Ex = &

Aagk 2 ojaEe} 2l A4

« 7hi|eke} 2o 5|5t

2 A 7= 100% o TFORT HAE 98% o)

e AWE 32k A=E 83 123 ¢ags

HW 7§gt 100%

Z}2ko ] o)Al <
A Q1A 7)e 100% . QLA 919 ol

- AR g 544 3249 AR

o« Z+ EXA O A)A o]F [} 2z dAA-E
o A% 24 )% 100% 2t 5430 A o)A o& B ZEd A

olg3le] BH 7% 8 34

59} Hlal, 22} 4% ol

N,
by
N
il
off
b
N
ot
JH

(10) A2 ANz e 93 wEF AR A8} 71 2016, S=rAAdr]EATe)
D g E3

O ABShE A A7k AEmieel daske Age) £EE setslel Aol Lalrt E
AT B9, AEANE 250 ABANS YAHOE ok 71&E AeA Be) B
74eo0] obdl o] 84 Be] ahleR FHAR AT FEAT F A B AT JoE

2xoz @

EHE HIA

- 113 -



R 22 ASNS MRS Uid S AVIEAP| 95288 3 488 Vi i 718 2

D F8 A7 g

O WAZ AL APE AT WER D47 ATAG Ho D LS 945 NS AF w0F
FEY, FONGER AT, A 5 LTAZE selstel As WEF 2A7] e
fol A D ANE ARG

O TAZ WEF AA HolHE ol§8 AT ol AsAe] Saels ML gIsiel Azl

29l WEF el

=
=)
My o
Mo
0%
m
2,
o
Mr
L
QL
b
>
Q"‘g'
z
N
o
Mo
02%1
N
Ly
N
rg
JH

100% -
90% probability. of stopping (45 mph)
80% Parsonson (6)
g Olson & Rothery {4)
g o Zegeer & Deen (7)
] 60% 4 Changetal (8 y of stopping curve
- N and Mahmassani (J)
-] Bonneson et al () Deen (7)
z
3 40% Oison & Rothery (4)
B Changetal (8
2 :
& Parsonson (6)
20% o Bonneson et al (@)
......................... 4 .- 10% probability_of stooping (45mph)
0% - - ' . ; ,
0 100 200 300 400 500 600

Distance from stop bar (ft)

<72l 2-99> 2o} = 28 nEF EM EAM
(M= uAZ Meflt fds It USF TR 485} 7is iE, 2016, S0V e )

oiLle

ojLe

SHop =L
A M ———

] A=A AT
B AT
ol

e

HHM(All-Red) HA|

<JZ! 2-100> AlsHt oYE 2fst AlSHo 2 E
(= WX AP OIS 2ht SR 2| &2et 7 JHY 2016 e E0H'R)

:

7= 3T 2uA

- 114 -



AR =2 5T 28 =

3 T8 Ay
0 %uw 2

) Fowl pe w 262 43 4

xg} FxEo BRe 571 5%, 7=F AKXt Fol B8
SHAl AAs] flsl] 228 o E nigle W
A ITS 45337} AlE o] g 283

s
L
e
2
N
o
QL
=
i
Lo
R0
O
mfi

<E 2-50> TR0} = ZAP| ME T} E2 Ho| U MS T £F
=
WRIE | A% =28 32 Aol N
T
s - AAE Y A7 B2 AAYNE Bd) HES B3 22k T
- 95% _ B 100%
Age Ash=e w7}
&T o APE Y ARE 59 AR B HE3 B s Bt 50
_ 95% _ _ 100%
Hahe Hoes w}
Ay o |7 AANE B AF ANE AST £ A& A4 oL
&2]7]¢] g2 785 7} ’
Ay e | 7 7VRE U ARE B DIE SO ASE B AP WA &= |
S S| Ao e '
] < AE O ARE SR AV IS Se) H5E B4 AR B 9 A
A4 | 100ms e 100%
E52 W}
B2 2T | 2060T |+ AF ARA7]9] 29 AEE HU} 100%
<7 2-101> ZR7| B& M2 U 5 F| o1
(A= UXR MSE oS et WER ZK| A3t 7= i, 2016, St=1A7 =HTY)
AE HTN

- 115 —



R 22 ASNS MRS Uid S AVIEAP| 95288 3 488 Vi i 718 2

(1) AA] Aol BAZAE FEe oz @ A
A2El)

SAR ZYPE D017, FERtE

El

D 7 =55

270l AT A FEE 93kl WAZ W) AR WAL, A FA), APAY FA]
g ) Ers—m U EYA A 16E Bl A BNR DY UL AR 2
!

FAFE LS HBH A7 AAM, 5 A7) APLAE FA|017] /\WEO
7iEstal, ’Li A = Ve AY weA
A 223 9T At =2 5 A8 sk 71ed

HI
];g
o
°5
=
AL
i
e,
Kl
X
x
iy
Frﬁ

2) 2 AT W&

O AR A= HolE] £4e % AA] *ML‘: AL s @3 AY A EdE HAE
ME &8 7Fsd AAp) AAxE 5Tt &

_
7| WS
i Body + HE{2] 2%

[ ———

-W-“
i

Cover + WAEE 4%

B XIXE7| MA=E (Lh 28 A7

<OZ 2-102> XX | MM-=ef FHSHY| AlZE

AR INTE DI AE & SIOIEIAE Zo}
Qe =174 78 ~ 98 24 2%10) 2H HAE 48
L JE T = - 3%2 U 308 2 DEYS EOE XY/ ISY WU £8
o « EAHT: 100%, AXIHET: 08%2] 23} 20l
o
0 E=z)
______________ i T
o
184 718 AN @R
I8

378 MMEE §X

<2l 2-103> X|AP| MIMLE B HAE gi8 I ZHn}

7T 3T HuM

- 116 —



HeE =9 5% A &8 24

2 7Y 7]eNS 213 Deep Neural Network 73 7€ 4 9 w2 25F 3 7

3
A 245 % HA AA] AA] AAA ==

)

3 F8 23

O 3% Haxva & =2 AN A% vl 7=

STHZE, SAEZE 3Y)

d

! BEH2E FYIE ARV EE

A

O BHIHAE Z3t 77 WEF AU 08 WAYT), S AHE 9 wWAIHS e

7 ey HRABMTREAHER @

(Oh) USHEE HAE, SLUHAE (L) B HAE ZL

<2l 2-104> WEZHEE BIAE Zu}

o, ) AT A4 Az
O =9 2gAl] 71y B QTR FAEA SN P71 A 297 B A7k A
B3 Qe

EHE HIA

- 117 —



R ZRdE ZISAS

RS D™ M XPAD| Y53y & 488t 712 i 718 HuN

< 2-51> Z3H0| 7Y 2 =< o7

FEA FAN(HT) B FA A Y ey 7] 3
2017 | * Traffic Signal Operations Manual - Caltrans
. . MDFPI, Basel,
2016 | = A Srey on Uben Tiaffic Minagenent System Using Wireless Sersar Netwads Kapileswar .
Switzerland
2016 | * Traffic Controller Assemblies with NTCIP Requirements Ver.03.07 - NEMA
. . . . o . Georgia Department of
2015 | * Evaluation of Vehicle Detection Technologies for Applications in Georgia Yang .
Transportation
) o ) ) Texas Department of
2015 | * Special Spacification TOR010 Wircless Magretoneter Vehicle Detection System - )
Transportation
o Institute of Highway
2015 | * Controller Specification i
Engineers
2015 | « Wimag Vehicle Detection System - Simens
Washington Department
2014 | * Error Assessment for Emerging Traffic Data Collection Devices Wang ¢ .
of Transportation
2014 | * Sensys Networks VDS240 Wireless Vehicle Detection System - Sensys
) ) ) o ) o Institute of Electronics
2010 | = Vehicle detection using non-invasive wireless magnetic sensor network Liepins .
and Computer Science
) ) ) ) ) ) Texas Department of
2009 | * Altemative Vehicle Detection Technologies for Traffic Signal System Middleton .
Transportation
2009 | * Adaptive Traffic Control systems in the United States Matt HDR Engineering, Inc
2008 | * 3000/3000E Controller Operating Manual - PEEK
2007 |  Advantages of the Wireless Vehicle Detection System - Sensys
2005 | * Traffic Control System Handbook Robert FHWA
2005 | * Traffic Control Systems - NEMA
California Partners for
2004 | * Tiaffic Measurement and Vehicle (lassification with a Single Magnetic Sensor Cheung Advanced Transportation
Technology
Southwest Region
1996 | * Inmproved Traffic Signal Coordination Strateg ies for Actuated Control Messer University Transportation

Center

(1) Alternative Vehicel Detection Technologies for Traffic Signal Systems(2008, Texas Department of
Transportation)
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(2) Evaluation of Vehicle Detection Technologies for Applications in Georgia(2015, Georgia Department
of Transportation)
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<Og 2-107> FM AP IHRP7| EX] 5
("= Biaeion o Vehide Tedhndoges for Apicaions in Garoga 2015, GDOT)

<E 2-52> XM X 7= Hordnt

o ) Test Sites 1 and 2 Test Site 3
Criterion Unit
A F R SM WM VS
100ms 572 6.58 1.17 6.9 3.09 14.16
Accuracy
Scaled(0~100) 85.69 83.54 97.07 82.51 92.28 64.60
o 100 milleseconds 6.72 7.27 3.96 297 0.00 49.01
Reliability
Scaled(0~100) 86.56 85.45 92.08 94.07 100.00 1.98
Ease of Rating(1~5) 344 344 344 4.00 343 344
Install
] Scaled(0~100) 61.00 61.00 61.00 75.00 60.75 61.00
/Maintenance

(3) Error Assessment for Emerging Traffic Data Collection Devices(2014, Washington State Department
of Transportation)
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2) 72 U8 3 4

O HZE HEE 2% 5229 NEISSH/8BNE TAE TIHEAE s 2) 190720l 4
oA 2 Eu] AE JAsks IE5EE), Milespostl09(Ellensburg, Wash.)oll 4] milepost32
(North Bend, Wash)73} 27 < A2

O 7= AFs A3 T A2J(ALPR) A28l SensysAte] F-41 217] A7), TrafficCastA+e] BlueTOAD
A1 2=8l, Blip Al2=819] BlipTrack AlA] 2 INRIXS] @A HA7)E o= F3h3

<E 2-53> EAIZ MEE BEAM(ZE522, Westbound)

83rd Pl. NE to 68th AveNE 68th Ave NE to SR 104 SR 104 to NE 153rd St.
RMS | MA MAP | RMS | MA MAP | RMS | MA MAP
Sensor MPE MPE MPE
E D E E D E E D E
(%) (%0) (%)
(sec) | (sec) (Y0) | (sec) | (sec) (%) | (sec) | (sec) (%)
141.8
BlueTOAD | 3399 | 551 | 2076 | 3894 | 23.10 | 394 | 13.33 | 40.33 | 22.63 | 7.88 | 15.85
146.6
Sensys ; 3587 | 13.18 | 21.54 | 5143 | 37.20 | 19.01 | 23.37 | 41.37 | 25.69 | 13.88 | 18.86
) 149.2 353 -12.3
Inrix A 65.21 ; 3593 | 4532 | 29.63 : 1541 | 69.33 | 5724 | 46.11 | 47.84
] 134.2 -122
Blip-BT 5 33.46 5 1847 | 36.17 | 23.03 | 231 | 13.36 | 34.85 | 22.08 | 10.21 | 16.12
) i 136.1 -16.1
Blip-WiFi 9 38.63 0 2301 | 37.59 | 26.16 | 899 | 16.00 | 35.44 | 24.01 | 11.53 | 17.38
Blip-Combine | 134.5 -15.1
d 5 34.56 o 19.68 | 35.57 | 22.63 | 479 | 1333 | 3483 | 2229 | 11.26 | 16.35
FHE HIM
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(Rt=: Error Assessment for Emerging Traffic Data Collection Devices, 2014, WSDOT)
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AA 54 BfHo| Wireless magnetic sensors for traffic
T surveillance
— o o Transportation Research Part C 16 (2008)
=30 Sensys Networks, Inc. E3HS
294-306
Y 2007-10-6 HEE
=9 R&DA[0] FHgh 2ot A=z
WSensys Networks” VDS240 vehicle detection system is a wireless sensor network composed of a collection
of 300 by 300 by200 sensor nodes put in the center of a lane and a 600 by 400 by 400 access point
(AP) box placed 150 high on the side of the road. A node measures changes in the earth’s magnetic field
induced by a vehicle, processes the measurements to detect the vehicle, and transfers the processed data via
radio to the AP. The AP combines data from the nodes into information for the local controller or the
Traffic Management Center (TMC). An AP communicates via radio directly with up to 96 nodes within a
range of 1500; a Repeater extends the range to 10000. This range makes it suitable to deploy VDS240
networks for traffic counts, stop-bar and advance detection, and measurement of queue lengths on ramps
15t and at intersections, as well as parking guidance and enforcement. VDS240 is self-calibrating, P-addressable
and remotely monitored. Data are not lost because unacknowledged data packets are retransmitted. The
accuracy of VDS240 for vehicle counts, speed and occupancy is comparable to that of well-tuned loops.
Because the nodes report individual vehicle events, the AP also calculates individual vehicle lengths, speeds
and inter-vehicle headways—measurements that can be used for new traffic applications. In July 2007,
VDS240 systems were deployed in arterials and freeways in several cities and states, and 30 customer trials
were underway in the US, Australia, Europe and South Africa.
HEEH
| r
P
WVEMN24D AP24D RP240
Mithis invention is related to vehicle detection using wireless detector network.
=A1Z0 | WA node measures changes in the earth’s magnetic field induced by a vehicle, processes the measurements
=5t to detect the vehicle, and transfers the processed data via radio to the AP.
Wit is a reference material for promoting R & D
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55 Emil Vehicular Anticipatory Sensor System
(o))
_ Intelligent Technologies o
eyl : EoHis US 2008/0147253 Al
International Inc.
2008-02-18 Bk Public
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BSystem and method for preventing collisions between a vehicle and objects in a path of the vehicle

includes a laser system arranged to direct at least one laser beam outward therefrom and which is in an

eye-safe portion of the electro magnetic spectrum, an imaging receiver for receiving at least one laser beam

reflected from objects in the path of the laser beam, a processor coupled to the receiver and arranged to

receive signals derived from the received laser beam and process the signals to determine a distance

between the laser system and the objects from which the laser beam has been reflected, and one or more

reactive systems coupled to the processor. The processor controls the reactive system to indicate the

presence of objects at specific distances from the vehicle. This indication may be used to take preventive

ox
oot

action to avoid the collision, either manually or automatically.
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MThis invention is use for prevention of accidents

Wit is a reference material for promoting R & D
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" 56 giHo| Data Collection and Traffic Control Using
HAl Multiple Wireless Receivers
=29] Siemens Corporations Eslgs US 2012/0083996 Al
£219 2011-09-14 M El PUBLIC
Eaels R&DA|Of| &g 2ot A=
BMethods, systems, and devices for monitoring roadway traffic. A method includes transmitting wireless
signals from a lurality of roadside equipment (RSE) devices, including rom a first RSE device and from a
second RSE device that are ocated at separated positions of an intersection. The method ncludes receiving
responses by the first RSE device andsecond RSE device from a wireless device. The responsesinclude a
unique identifier corresponding to the wirelessdevice. The method includes determining a signal strength
ofeach of the responses by the first RSE and the second RSE and ransmitting data from the first RSE
device and the second SE device to a control system. The data includes the uniqueidentifier, the signal
Hqre strength of each of the responses, andtimes that the responses were received. The method includes
etermining traffic information associated with the wireless device based on the received data.
: S
' Control System
- j |
310 |
HEEH
eyeE! MThis invention is used data collectio purpouse using wireless detector networks.
. Wit is a reference material for promoting R & D which includes transmiting wireless signals between
c= intersection.
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57 U Traffic Analysis Using Wireless Receivers
3 and Vehicle Detection Devices
Eeyhul Wolfgang Erich Buckel E5|#HS US 2014/0132425 Al
=Y 2012-11-14 HAE Public
=QL

R&DA[0] Fagh 2ot A=z

ox
oot

BMethods, systems, and devices for monitoring roadway traffic. A method includes transmitting wireless
signals from at least one roadside equipment (RSE) device and receiving responses by the RSE device from
a wireless device, the responses including a unique identifier corresponding to the wireless device. The
method includes determining a signal strength of each of the responses by the RSE device and transmitting
response data from the RSE device to a control system, the response data including the unique identifier,
the signal strength of each of the responses, and times that the responses were received. The method
includes detecting at least one vehicle by the control system using a vehicle detection device and
associating the response data with the detected vehicle. The method includes determining traffic information

associated with the wireless device based on the received response data and the associated detected vehicle.
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MThis invention includes systems and devices for monitoring roadway traffic.
BThe method includes determining a signal strength of each of the responses by the RSE device and

transmitting response data from the RSE device to a control system
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2
A 58 e Two Axis Magnetic Field Sensor
o o
=HQ! SHUGHEUE MION. PLLC =toilak=l US 2009/0108841 Al
99 2007-03-22 B AEY PUBLIC
SRk R&DA|Of| &g 2ot A=
MDisclosed is a small-sized two-axis magnetic field sensor having a function to cause a magnetic field
canceling an external offset magnetic field. The two-axis magnetic field sensor contains a E. coil disposed
on a plane four sets of magneto-resistance element pairs on a plane parallel to the plane coil. The plane
coil includes at least two pairs of parallel conductors, and two magneto-resistance elements cross only a
single conductor of the coil. A current for canceling the external offset magnetic field is determined in
advance, and while a DC current that causes total magnetic fields of biasing magnetic fields plus a
magnetic field for canceling the external offset magnetic field flows through the coil, intermediate potential
outputs from the magneto-resistance element pairs are detected to measure a magnetic field direction, such
M5t as geo-magnetism.
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EMA0} | EThis invention is a magnetic field sensor
=gt MThis invention is use for measuring direction of magentic field.
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stoio) Method and apparatus for self-powered
=M 59 EO__ vehicular sensor node using magnetic sensor
33
and radio transceiver
=20| Sensys Networks, Inc. EsltHs 9767691
SHY 2009-10-29 B EH
SE

R&DA|Of Fogh Tret A=z

MThe invention includes a vehicular sensor node, circuit apparatus and their operations. Power from power
source is controlled for delivery to radio transceiver and magnetic sensor, based upon a task trigger and
task identifier. The radio transceiver and the magnetic sensor are operated based upon the task identifier,
when the task trigger is active. The power source, radio transceiver, magnetic sensor, and circuit apparatus
are enclosed in vehicular sensor node, placed upon pavement and operating for at least five years without
replacing the power source components. Magnetic sensor preferably uses the magnetic resistive effect to
create magnetic sensor state. Radio transceiver preferably implements version of a wireless communications
protocol. The circuit apparatus may further include light emitting structure to visibly communicate during

installation and/or testing, and second light emitting structure used to visibly communicate with vehicle

BT
operators.
EEH -
=ME0 M The present is about a vehicular sensor node.
=5t M This includes, vehicular sensor nodes, circuit apparatus and there operations.
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24 60 U Nonce silent and replay resistant encryption
HAl and authentication wireless sensor network
=70l Sensys Networks, Inc. =toilak=l 9769664
£ 2015-09-04 BN SH
Sk R&DA[O] &g Bhet Atz
BAn access point and a sensor node are disclosed for use within a wireless sensor network. The wireless
sensor network includes at least one access point adapted to securely communicate with at least one of the
sensor nodes using an encryption mechanism that uses a nonce and an encryption key to encrypt the
plaintext at the sensor node to create the cipher text included in the data payload of a message sent to the
access point. The sensor node does not send the nonce. The access point uses the same nonce to decipher
to the received message's data payload, but generates the nonce internally without receiving it from the
sensor node.
g
HEEH -
=AZ40}t | EThis invention is about using an access point and sensor In a wireless system.
=5t Mt is reference material for R & D.
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AN 61 Sl Micro-radar, micro-radar sensor nodes,
T networks and systems

E39I Sensys Networks, Inc. EjHS 0488717

=Y 2012-7-30 B L

S2E

R&DA|0f| &1

5t o5t X2

= L

BA micro-radar is disclosed that is operated based upon two Digital to Analog Converter (DAC) outputs

that control its internal timing and Intermediate Frequency (IF) signal frequency. Calibration and temperature

compensation is done through estimating the duty cycle of the transmit signal and possibly the reception

signal that stimulate a pulse generator to create the transmit pulse and the reception pulse and adjusting one

or both DAC outputs. Sensor processors, wireless sensor nodes and wireline sensor nodes are disclosed for

operating the micro-radar. An integrated circuit is disclosed implementing all or portions of the micro-radar.

Access points, servers as well as systems that include but are not limited to a traffic monitoring system, a

traffic control system, a parking management system and/or a production management system are also

X5} disclosed.
HEEH -
=A1ZA1 | MThis invention is about a micro radar.
=5t M This invention is used in monitoring traffic and parking management system.
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arotol Position and/or distance measurement, parking
=M 62 En;‘q and/or vehicle detection, apparatus, networks,
°° operations and/or systems
Ehrahdl Sensys Networks, Inc. EjHS 9418551
=Y 2012-9-27 HESPES
=9 R&DA[0] FHgh 2ot A=z
MThe following are disclosed: Vehicle parking detection, sensors and an On-Board Device (OBD) to create
a parking session. Radars, microwave antennas, rechargeable power supplies and their power management
circuits. A localized communications protocol between the wireless nodes and repeaters within a wireless
network is disclosed. Wireless sensors and wireline sensors. The networks and/or systems may support
parking spot management/monitoring, vehicle traffic analysis and/or management of stationary and/or moving
vehicles, monitor storage areas and/or manage production facilities. These networks and/or systems may be
operated to generate reports of incorrectly parked vehicles, such as reserved parking spots for other vehicles,
vehicles parked in multiple parking spots and/or overstaying the time they are permitted to park.
B33
CHEEE=H -
oYeE! M The above present invention is about vehicle parking detection.
. M1t uses Radars, Microwave Antennas, power supplies and their circuits.
od

7T 3T HuM

- 304 -



B2 S5 24 U AR BAPIS

63 2LHO| In-pavement wireless vibration sensor nodes,
T networks and systems
Eopab! Sensys Networks, Inc. =eluk=s 8990032
=Y 2011-4-22 B L Public
LT

R&DA[0] Fagh 2ot A=z

ox
oot

M Apparatus and methods are disclosed that may be configured to respond to vibrations in a pavement
induced by the travel of a vehicle on the pavement. The apparatus may include vibration sensor nodes
embedded in the pavement and systems using the response of the sensor nodes to generate vehicle
parameters, weight estimates, pavement deflection estimates and vehicle classifications. From these and other
data, traffic ticket, tariff and insurance messages about the vehicle may be generated. Processors and
processor-units are disclosed. Delivery mechanisms to configure the processor units and entities controlling

and/or benefiting from the deliveries are disclosed.

HT

oM 1%
oo Y

MThis invention presents a wireless vibration sensor.

MThis sensor can respond to vibrations induced by vehicles moving on pavement.

5
§

— 305 —



R 22 ASNS MRS Uid S AVIEAP| 95288 3 488 Vi i 718 2

arotol Method and apparatus reporting a vehicular
=M 64 En;‘q sensor waveform in a wireless vehicular
°° sensor network
=20| Sensys Networks, Inc. EsltHs 8830089
£ 2013-7-14 B E Public
=9 R&DA[0] FHgh 2ot A=z
M The invention includes using multiple wireless vehicular sensor nodes to wirelessly receive multiple,
time-interleaved vehicular waveform reports from the nodes. Each vehicular waveform report approximates a
raw vehicular sensor waveform observed by a magnetic sensor at the node based upon the presence of a
vehicle. The vehicular waveform reports are products of this wirelessly receiving process. The invention
includes apparatus supporting the above outlined process. The vehicular waveform reports may be time
synchronized.
B33
CHEEH -
=4Z1} | MThis invention is about, the use of multiple sensor nodes to receive signals wirelessly.
=5t MThis invention includes the supporting apparatus for the above stated process.
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EI=]e]
= o— . .
A 65 < Magnetic detector of vehicle wheels
]
-5 Michel Jamet, Patrice o
Eyahd EolHs 20020105441
Lefevere
=t 2001-05-16 B S
=9c R&DA[0] FHgh 2ot A=z
BA magnetic detector of the passing of at least one vehicle wheel, a sensor of which is intended for being
positioned on or in a roadway, and includes a conductive winding of at least one spiral and a ferrite
structure inscribed in an elongated surface area, the conductive element being wound around a portion of
the ferrite structure, parallel to its greater dimension.
B
CHEEH -
=4Z1} | MThis invention is about a magnetic Sensor.
=5t M This magnetic sensor can be used to detect vehicles.
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24 66 giHo| VEHICLE DETECTOR AND VEHICLE
HE PARKING MANAGEMENT SYSTEM
-0 William Dugan, Mark Dee, .
Eyihd S kik=l 20060136131
Feisal Hurzook
=99 2005-12-06 HEAE
zo% R&DAJO| &8t 25t X2
WA detector assembly including a three-dimensional magnetic sensor adapted to detect presence of a
vehicle, a transceiver operatively coupled to the magnetic sensor and adapted to send and receiver
information, a microprocessor operatively coupled to the magnetic sensor and the transceiver. The detector
assembly is part of a vehicle parking management system including a plurality of detector assemblies and a
remote device operatively coupled to the plurality of sensor assemblies to exchange information with each
of the plurality of sensor assemblies.
B33
CHEEE=H -
=40t M This invention includes three dimensional magnetic sensor.
=5t W This sensor is used to detect presence of vehicle.
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HiH O
A 67 Em%:_ql—l Vehicle position recognizing system
(o))
-0 Mitsubishi Denki Kabushiki .
=&9] E5|Hs 6502031
Kaisha
=Y 2001-09-27 HESES )
=9 R&DA|Of &gt 2rot Xtz
B A vehicle position recognizing system includes at least one magnetic marker for forming a magnetic
field at a predetermined position on the road surface and at least one magnetic sensor for detecting the
intensity of the magnetic field formed by the magnetic marker. An on-vehicle detector is provided for
performing operation of the vehicle position on the basis of the magnetic field intensity obtained from the
magnetic sensor at positions separated forward and backward from the magnetic marker by a predetermined
amount. The on-vehicle detector has a correcting unit for correcting the magnetic field intensity of the
magnetic marker on the basis of the magnetic field intensity obtained from the magnetic sensor at positions
separated forward and backward from the magnetic marker by a predetermined amount. The on-vehicle
215 detector also has a judging unit for judging the presence of the magnetic marker.
CHEE™ -
eyeET! MThis invention is about a magnetic marker and magnetic detector.
., BMagnetic marker is used to create magnetic field while sensor is used for determining intensity of
od

magnetic field.
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Fe]
=M 68 e Wireless vehicle detector
o o
=29] Ma Bingsheng Eslgs CN204178555 U
£ 2014-09-18 B S
Sk R&DA|Of| &g 2ot A=
MThe utility model discloses a wireless vehicle detector . The wireless vehicle detector is characterized
by comprising a single-chip microcomputer MSP430F149, and a magnetic resistance sensor module, a
wireless transmit-receive module, a real-time clock module and a power module which are connected with
the single-chip microcomputer MSP430F149, wherein the magnetic resistance sensor module comprises ah
HMC1052 sensor and an amplification circuit which are connected with each other, and the magnetic
resistance sensor module is connected with the single-chip microcomputer MSP430F149 through the
amplification circuit. According to the wireless vehicle detector provided by the utility model, the
HMC1052 sensor detects the change of a magnetic field when a vehicle goes past to obtain voltage
st signals, the voltage signals, after being amplified through the amplification circuit, are output to the
single-chip microcomputer MSP430F149, and after processing, detected information is sent to a control
center through the wireless transmit-receive module in a communication mode. The vehicle detector is
not affected by climate, and is stable and reliable in performance, small in size and convenient to install
and maintain.
CHEEH -
=A1Z10L | MThis invention presents a wireless vehicle detector
=5t MThis vehicle detector is not affected by climate, small in size and easy to install.
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24 69 BITHO| Wireless earth magnetic induction detection
HAl system for vehicle and its installation method
Zhong Qin, Keyi Wang,
— 5 Shengyang Wang, Rushan .
Eyabd E5itis US8390478 B2
Pan

£2d 2010-03-25 Each

zQ: R&DA[0] FH1gh 2Hot A=z
MThe present invention providing a system and installation method of wireless vehicle detection based on
earth magnetic induction a signal collection module, a signal conditioning module, a MCU control
module, a wireless communication module, a battery module and a signal receiver module includes. When
the system is installed, firstly, a cylindrical cavity is cut in the road lane along the driveway; secondly, the
adhesive is smeared on the interior of the cylindrical cavity; thirdly, a vehicle detection shell is provided,
which includes a signal collection module, a signal conditioning module, a MCU control module, a wireless
communication module, and a battery module inside; the whole lower part of the wvehicle detection shell
is inserted into the cylindrical cavity, then the adhesive is filled between the vehicle detection shell and

g7 the interior of the cylindrical cavity, which makes the lower portion of the vehicle detection shell firmly
cemented in the cylindrical cavity; finally, a signal receiver module and an external processing module is
provided, the external processing module is connected to the signal collection module for analyzing and
processing the signals received from the signal collection module. The present invention owns many
advantages including: the small volume, sensitive detection performance, the fast installation and the easy
maintenance.

EE™ -
SMA0} | EThis invention describes installation methods of wireless vehicle detection systems.
=5t MThe present invention is high sensitivity and fast installation.
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" 70 U Magnetic field sensor-based vehicle parking
HAl state detection device
=29] Wei Chengjun Eslgs
SHY 2013 38 5 HAE
Sk R&DA|Of| &g 2ot A=
MThe utility model discloses a magnetic field sensor-based vehicle parking state detection device
comprising a power source, a detector and a data processing and transmission module, wherein a power
management module of the magnetic field sensor-based vehicle parking state detection device is
respectively connected with a processor and a magnetic field sensor, the processor is respectively in
two-way data connection with the magnetic field sensor and a PC machine serial port communication
tool, and the PC serial port communication tool is in two-way wireless connection with an upper position
machine. The magnetic field sensor is characterized that under the affection of external magnetic field
interference sources, and data of a magnetic field in each direction greatly change; and the characteristics
x5 of the magnetic field sensor are utilized by the detection device, the detection device determines whether
a vehicle is parked in an area according to the amplitude of change, and the detection device cannot be
easily affected by the interference of temperature change or windy or snowy weather. The detection device
is advantaged by reliable performance, convenience of installation, economical price, and application to an
intelligent management system of a large parking lot.
EE™ -
=41}t | EThis invention is about a magnetic field sensor.
=5t MThis invention includes, sensor , power source and data processing and transmission module.
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HHO|
71 oix| Wireless vehicle detection systems
o o
EH9I Charles Howard E5HS US20020190856 Al
=2 2002-6-04 & &Y
=0T

ox
oot

BThe vehicle detection system described herein uses wireless magnetic sensors to measure changes in
the earth's magnetic field to detect vehicles. The sensors may measure the presence and location of a
vehicle , as well as the speed of passing vehicles. The sensor may also be capable of identifying and
classifying vehicles. Each sensor and/or sensor system may be configured to consume so little power that it
can operate from a battery for up to 10 years. While the preferred embodiment is wireless, the sensor

and/or sensor systems may be configured to operate in a wired environment.
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M This invention is about a wireless detection system

MIn this invention magnetic sensors measure changes in earth’s magnetic field to detect vehicles.
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24 79 2fHO| Wireless vehicle information detection system
HX| based on magnetoresistive sensor

Ex=hd Su Chun E5HS CN103354032 A

£ 2013-06-22 BN SH

Sk R&DA[O] &g Bhet Atz
BA wireless vehicle information detection system based on a magnetoresistive sensor is disclosed. The
system uses a vehicle identification algorithm based on magnetic field interference intensity and two
synchronization node monitoring to realize the identification of a traffic flow, a vehicle speed and a vehicle
model. The system comprises a detection node and a main node, wherein the detection node is formed by
a data acquisition module, a single-chip microcomputer control module, a wireless emission module and a
power supply module; when a vehicle passes by the magnetoresistive sensor, a magnetic field around the
sensor generates disturbance and a sensor node is awakened; the changed magnetic field causes the changes
of a resistance value in the magnetoresistive sensor and causes the changes of a current flowing through the

x5 sensor so that a changed electric signal embodies the pass of the vehicle; the main node is formed by the
single-chip microcomputer control module, a wireless module and a computer module, is arranged near the
detection node, is used to receive data sent by two sub-nodes and then send the data to a PC computer so
as to carry out processing.

EE™ -
M This invention is about a wireless vehicle information detection system.

=4Z10} | MThe system uses a vehicle identification algorithm based on magnetic field interference intensity and two

=5t synchronization node monitoring to realize the identification of a traffic flow, a vehicle speed and a vehicle

model.
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EIEe
73 Emil Underground intelligent vehicle detector
o o
=29] Lin Guisheng Eslgs CN1707283 A
=Y 2005-12-05 BN
SRE

R&DA[0] Fagh 2ot A=z
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MThe intelligent geographic vehicle detector consists of detecting unit, signal processing and logical
processing unit for processing signal from the detecting unit through amplification, filtering, shaping,
comparison, sensitivity regulation, environment compensation, A/D acquisition, automatic calibration, logic
analysis, coding, storing, etc., signal conversion/transmission interface unit, power source and casing. It may
have sub-detector connected. It may be used in detecting vehicle to obtain various dynamic and static
information, including path, speed, parking time, running direction, etc. and is suitable for traffic

management, vehicle monitoring, toll gate management, park management, etc.

HT

o 1%
oo Y

MThis invention is about a buried intelligent vehicle detector.

Mt can used in detecting vehicle to obtain static and dynamic information.
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