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Determining abnormal traffic conditions from a broadcast of telematic

s data originating from another vehicle

Ea=ke i

0j=(US) | 5= | 99 : STATE FARM MUTUAL AUTOMOBILE INSURA
NCE COMPANY

AH 15787305 (2017.10.18) |
2 10089868 (2018.10.02)

o 1w

I

k=3
k=3

A computer-implemented method of using telematics data at a destina
tion device is provided. The destination device may be a mobile device
associated with a driver, or a smart vehicle controller of a destination
vehicle. The telematics data is generated by an originating mobile devi
ce (i) having a Telematics Application (or “App”), and (ii) associated wi
th a second driver/vehicle, the telematics data including acceleration,
braking, speed, heading, and location data associated with an originati
ng vehicle. The telematics data may be broadcast from the originating
mobile device to the destination device that (a) analyzes the telematics
data received, (b) determines that an abnormal travel condition exists,
and (c) automatically take corrective action that alleviates a negative
impact of the abnormal travel condition on the destination vehicle to
facilitate safer travel. A usage-based or other insurance discount may
be provided based upon insured usage of the telematics data-based ris

k mitigation or prevention functionality.
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Crash detection and severity classification system implementing emerg

ency assistance

Ea=ke i

0j=(US) | 5= | 99 : STATE FARM MUTUAL AUTOMOBILE INSURA
NCE COMPANY

ZH9¥s ¢ 15241367 (2016.08.19) |

Ss=H3% ¢ 09949104 (2018.04.17)

A crash detection system is disclosed that utilizes a mobile computing
device to detect a vehicular accident via one or more sensors integrat
ed into the mobile computing device. The system monitors the sensor
metrics measured by one or more sensors and generates an event sen
sor profile that may include the plurality of sensor metrics and additio
nal status data, such as an indication of whether the mobile computin
g device was located within a vehicle when the event occurred. By co
mparing the plurality of sensor metrics to other crash sensor metrics,
a determination may be made whether the event requires emergency
assistance, which may be confirmed by determining whether the data
included in the event sensor profile meets one or more exception cond
itions. If the event requires emergency assistance and an exception co
ndition is not met, the mobile computing device may place a call to th

e appropriate emergency response personnel.
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Alert notifications utilizing broadcasted telematics data

=248

0] =(US) | 52 | Y9l : STATE FARM MUTUAL AUTOMOBILE INSURA
NCE COMPANY

15484791 (2017.04.11) |

09972209 (2018.05.15)
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Geographic location data and telematics data may be collected in real-
time by a mobile device within a vehicle, or the vehicle itself. The tele
matics data may indicate vehicle direction, speed, motion, etc., as well
as traffic hazards in the surrounding environment. A remote server m
ay receive the location and telematics data from two vehicles. If an an
omalous or hazardous condition exists in the vicinity of the first vehicl
e, a geographic relationship with the second vehicle is determined, an
d if within a predetermined distance, an alert or alternate route for th
e second vehicle is determined and transmitted to the second vehicle.
As a result, a negative impact or risk of collision caused by the anoma
lous condition on the second vehicle is alleviated. The amount of the
insured's usage of the telematics data-based risk mitigation or previsi
on functionality may be used to calculate or adjust insurance premiu

ms, rates, or discounts.
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Using emergency response system (EMS) vehicle telematics data to red

uce accident risk

=484

0j=(US) | 5= | 9<% : STATE FARM MUTUAL AUTOMOBILE INSURA
NCE COMPANY

14990209 (2016.01.07) |

09841767 (2017.12.12)

S) vehicle telematics data to reduce risk of accidents may be configure
d to (1) receive, when the EMS vehicle is en route to an emergency loc
ation, the EMS vehicle telematics data associated with the EMS vehicle
and including GPS location, speed, route, heading, acceleration, and/o
r lane data; (2) determine that a current route of an autonomous vehi
cle will interfere with the route of the EMS vehicle; (3) determine an al
ternate route for the autonomous vehicle to avoid interfering with the
route of the EMS vehicle: and (4) direct the autonomous vehicle to (i)
travel along the alternate route or (ii) pull over to a side of a road on
the current route to allow the EMS vehicle to pass unimpeded. Insuran
ce discounts may be generated based upon the risk mitigation or prev
ention functionality.
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PROXIMITY AWARENESS SYSTEM FOR MOTOR VEHICLES

24984

0]=(US) | 5= | Y9l : RIDAR SYSTEMS LLC
Z£AHS © PCT/US2016/017383 (2016.02.10) |
2 H3S 2016130701 (2016.08.18)

Various embodiments provide enhanced warnings of potential future a
dverse events (e.g., automobile crashes) by tracking the location and
motion of multiple vehicles, and providing alerts or warnings to the dr
ivers of such vehicles in the event that a risk of an adverse event is
identified.
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METHOD AND SYSTEM FOR AN EMERGENCY LOCATION INFORMATIO
N SERVICE (E-LIS) FOR INTERNET OF THINGS (IoT) DEVICES

=d98s

u]=2(US) | 52 | 2991 :  Nicholas M. MAIER Gerald R . EISNER
£9W3 15491608 (2017.04.19) |
WS © 20170238129 (2017.08.17)

A method and system for determining and verifying a location of netw
ork devices connected to the Internet of Things (IoT). The method and
system provide a current physical geographic location for such I[oT ne
twork devices and/or a user of the [oT network device in an emergenc
y situation such as an accident, health, fitness, fire, terrorist attack,
military incident, weather, flood event, etc. and forwarding the current
physical geographic location to a legacy 911 network, NG-911 network,
a Emergency Services IP networks (ESInet) or text-to-911 Short Messa
ge Services (SMS) networks to alert emergency responders.
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messagelD

stationlD

GenerationDeltaTime

GenerationDeltaTime(0~£5535)

BasicContainer

ReferencePosition

HighFrequencyContainer(CH)

BasicVehicleContainerHighFrequency

Heading
Speed

VehicleLength
VehicleWidth
LongitudinalAcceleration

YawRate
AccelerationControl(OP)

SteeringWheelAngle(OP)
LateralAcceleration(QP)
VerticalAcceleration(QP)

Coop T 7
Awareness CamParameters RSUCARHIGHFEGRET
LowFrequencyContainer(CH) BasicVehicleContainerLowFrequency |~
PathHistory
PublicTransportContainer
SpecialTransportContainer
DangerousGoodsContainer
RoadWorksContainerBasic
specialVehicleContainer(CH) TS
EmergencyContainer
SafetyCarContainer
25 1-1 CAM HAJX]A
= 1-2 DENM HA]R]Al
cause causeCode subCause
subCause description
Code description Code P
{7 As specified m tec102 of clause 9.12mm TISA
2 Accident __|TAWG11071
3 Assistance requested (e-call)
1 Accident without e-Call tnggered
2 Arccident with e-Call manually trizgered
2 T estemsh 3 Accident with e-Call automatically tnggered
N Agcident with e-Call triggered without a possible
access to a cell network.
1 Emergency electronic brake lights
2 Pre-crash system activated
29 | Dangerous situation 3 ESP(Electronic Stability Program) activated
4 ABS (Anti-lock braking system) activated
5 AEB (Automatic Emergency Braking) activated

T2 1-3 TISA TAWG110715 7Aoo AdEle 33 HE



@ BSMQ] 71

VehicleSafetyExtension®l 240 2 X}=F oF&iof| U

=

o o
2—

itsPduHeader|

messagelD
protocolVersion
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ManagementContainer
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referenceTimestampits,
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eventReferencePosition,

RelevanceTrafficDirection(OP)
ValidityDuration DEFAULT
Transmissioninterval(OP)
StationType,

SituationContainer

InformationQuality

linkedCauseCode(OP)
EventHistory

LocationContainer(OP)

Speed(OP)
eventPositionHeading(OP)
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RoadType

Decentralize
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END

BEGIN
Construct Cluster sets of Cs,Csg, Cpr, Cp;
Detect R € CSRﬂCDR;
IF (R exists)
THEN

§
ELSE IF (R dose not exist)

§
ELSE unavailable;

IF (R =1)
THEN send the message from S to D using R;
ELSE IF (R >=2)
THEN {
select R by GBHC-DMD;
send the message from S to D using R;

THEN {
IF (R of Cgr =1)
THEN {
set R->S;
goto BEGIN;
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ELSE IF (R of Csr >=2)
THEN {
select R by GBHC-DCS;
set R—2>S;
goto BEGIN;

O GBHC-DMD(Detect Min_Distance)= GBHC WAHUYUZE AA| ZZA|AA ©A 3-2)
oA AFEED Min(S-Rl+| [R-D}S ®&st: RS 7sb7] 93t duelzoz obg

o]

=]

=

H
=}

st

ul 4 ok
i
rr

kI oS

I 2-29] oAle} o] RSo] S DoJ GC 2AE0 FHo= EAfsty 24249] GC
]_

wAE o] EAE o HAAS T FHACR AEY

O

& 9l RS AEs] 95
FuEE RE S D e £7ste] Aot
EH%]_ R% %8]'021 Uﬂ’\]ﬂ% K']‘:‘:.fﬁu}_ (0] ‘_C_ 7].7(01— gg-%

S 3 2232 7E RS
A2 Eotol AR} A

e A= &

-—— - - ~
e peit] v ict % 4 .
7 % e Tl A i L
- e i i \ I L] |
1 » [ ] £ 1 b ] ] : ol ,J.——__"
\ i \ - == == s ™ i X
\ / . / = .
I ;0 1 £ ™ V- \
b | ; W ~ [
T 1 ! p == \ | ® | I o |
e JESSEE r " y Doy, !
/ ~ ® 1 o I ! - ~
] L} Fa '
- 4 \ ~
-7 ~ - \ . \ ! . / #
I A - X | i . \I K "_"‘F \-a_-"
rd
! " l b Wi i [ ] |
\ L \ i
! ~ b " 1]



O GBHC-DCS(Detect Complete-Single linkage)= GBHC H|HUZ XA L ZA|A0f A
97 4-2)014 AFRElE Max(Angle(SRD)E 73P7] 93 Yualzoz ofg
2-39] oflgt o] S9t DO} GC PjAEC] FEOo2 EAJst Rol o0} S9 GCo 2
A ool Rol 91 S ohe TAL WY U8l Y M RS Mot W
d. o] 4% S9 GC Z2Eof Q= Re2 A4S ™ A S9 Complete linkage
2 5 ZE2ET AE Wt AL § VW A ez AdEEY A Dok
Single linkage2 F Z22EF A2E 7P A2 Aoz A9H= RS A9 o=
SolA 7P © Al =2 WESHHA Dol 7H 7Phe A 22 UESH=s RS
271 f1golty, oldl S, R, D9} %5 o]&sto] RO U= et its 5 AUt
7HRl= R2 st S2 dAsta CeS 7dAlsto] Ai-+det.

ozl

o

S5 DAY 2l RES GC BY

% 2-3 GBHC-DCSE A gahe A%

@ F=EA HAIX] Lelol9] o
O AR EZ 7|50 2-Level2 2JAEZE UtS0]
EoA AA||Sto] 2]AEQ] Hof 9l k& =
d 2-4¢ A2 AgAE HEY, A2 AAE Foll SollAl D= Aot WS

a4



AlAste] of

Stepl

]

o 250 953 e Zatg g,
Levell Level2 I I
1 KI
L[, K, 1
I, K, 3] § i,
K
S, ], L] LK, K, K 3
I, Is
L, Js L] I+

4 2-5 38 =55 AHst= Stepl

O Step20o|A]= Stepl HIEO 2 I-Leveld] wEZ [, J,, I; & 5t 1-Level?]
L TS50 GC 2|AEES HlE o2 1.0]AQt Zo] 2-Leveld] =EE9] GC 2]AE

S Polol ChAl 5 029 wCE AMSIE BYL AN 1Y 2-67 22 o

=
2 2y

= odo
= ©Co-



Levell Level2
Jilk ]

L[, K] K ) Ji
1{D] Il K D
Step2-1  ],[K,, Kj] K,[B] — B K,
L]s, 1] ?3[{;9]{@4@—}] 2
] TP Iz<:I3
J[KsK55B) -
Levell Level2
L K] Jilk ]
1t T J2 KD
1{ ] < K — D
Step2—2 JEIK-}"KE’ KS] Kl{g] — J? <: KE
Ky[B] K
L, Js 1 Ja KK I < Js
J-ﬁéﬁKﬁD]

19 2-6 55 =5 AHshe Step2

O 1% 2-60fA] Step2-11t Step2-22 U 71L& Step2-1& Levell =59
GC ejAES 17 2-59) Autg uigoz Aeld ejAER GCAAES A
Zo]al,  Step2-2+= AYEA] &2 AZ oA 1 2-49] Q= HHEE O
2 Mgsto] Levell =E50] 2|2EZ 1A 7.
A GCBlAEOQ Q= wtio] Levelld] L& o]23} 2o /\Pxﬂo}oq rEZS
A/dstetl L olf+= Levell =52 oJu] AZo] A%

oA Atx|sto] &5 Qloliof o17] TR, olet o] F
29

WAo2 RASHH 13 2-69 950 Auet Po| P

s o

(1) GBHC HIAHYEZY AIEHE
O R=00]H, F3lo] SolA D= Al AZeo sigste=z O(1)
@ R=10]H, So|A RZ &5l D2 AEsta=z O(2)
® R>=2Y o.
- O(GBHC-DMD) = m * (m - k)
o714, m (<n) ; AFELE 4, Kk (<m) : &2 =55
- O(GBHC-DCS) = max{Sj, Dj} = Sj
o]7]A, Sj (<n) : SOl B 2 Dj(=<Sj) : Sj& D} ™
- A AREAE



= h * max{O(GBHC-DMD), O(GBHC-DCS)}
= h * max{m * (m - k), Sj}
=h * (m * (m - k))
= O(hm?)
971A, h : B & 20]9]

o
WY Al QWA £y AR Auo] vhSstol x| QmlA0) wizo] spA 0 W

oujat. x| QM AZIe] SAlo] M gsh] Y5t /PAMS AlQMA Bl AL, JHAA Ao

O
N
P
10
A
to
)
[>
[‘ll‘
e
oX
=
)
e
c
28
)
ol
e
ol
ol
ol
rr
N
N
0%
1°
of,
- 18
o
A
to
i)
>.
ul
X
2
ol
ol
S~
2

= Rl eH A0 g s 4 71
H(overlaplo] @ bR BAIS & 47} QLS. webA gao] ot 4AE Ao
A r



‘\
f .5
,.-' \. ‘/-'" ’:" 'i.:l_-"_“'*-..‘
. ."I) — _fl_f\_-— —_— 0 — Ty f'_-u___
| ‘_—-. w ! | — Y | — \‘l |-' — \I
'  (4_9.) ¢
! T — et ! — # T — ¥ "'-—'-_1'-‘_.------"
Car ’ ., Carid Car 3 Kar4d .~
__________ ™ s ‘c.l_-___r'__ o
y P
_______ :\}"‘. - Z L
. " 4 g - .
/- , o et & 4
; l.l" ;—ip"-"__ _. "‘. | I}‘ ._- 1 A g I.l" - g i
o B
_ I'. '\_:__.‘.!_ ! N ——\T!—-'. '\___L.-!_ ! | L o e ¥ I
% rs . Garb % Car7 /N carg8
* v s ",
M - / S .
i - w P LS 2T e

H W0l ol vieh xhiel AisF o3} 70] A2 A0l %ﬁw TEad
WL WAPEE A2 HolE. ol2ig BAIS sAsky] Ys) Al emMATIe] Agst 7}
JIIRIH AT W0l FoIED, Wz LolAB K| SHL ol XS 4
o] Wi JMAQ A OMAS K E3of L.

@ 7t QRl(flexible factor)

O xlom~0] ¥A e S Z4sh7] A3t 7k @9 27tRE b, A iR
Al A 7to] FAS flshA thE Al Aof digh /14]o]aL, o] 5 <14 ffl(reco
gnition factor)olz} @3t T WA= A| QA F7|7F ¥Hst= Aldo|0, o] AlA
Q09I(time factor)o]2} AFoJgt. I3 3-2+= 219] X}gH(thing)o] A H 7IHA x|
H2of gist 7R Qs HoF.



~
%
Y

r'/f/

f
[

]_

3 B0 of K Ko < BR o o o
ol KD R To o B E K M_ <
o) op o JU U T MﬂL_L_MH
of [ we of wr KT o 2
SERiEy LEEc
= — _~
CR I I L ﬂyﬁ
LT F o Mg N
.m_l o 0 K =% O ‘_._nﬂ\_ et
— oju o ot ao of &I
@ o 0_1_ —~| Lu_blﬂ 1.._A|O —_— m O._ _—
c u 8o X m ] 2 LW R oA
@ o e oy 2 o lilied
rox
2 u N o o% -~ ok ol .
] 0 o 2 Ol ™ B L
H @ WM_.__I ol 2 109 o T ~ oA
....... £ © W = M_L 0 _.ﬂo e ﬂw o 5w Dl
™ = [T _ —_— ! . e —
,,__“ & = mm_ of K =) ﬂw vl M_. M < _nTm.
b E 5 (72 0 T o) oF
N \ ° Y = of K my ol So pl
: ~Je = i N K o Bl N g Do B R o
@ ] & = — o) - L S
8. I |3 g T o o T g o, 0w
£ N /=2 S T PRCORE - S - BT
N A [a] /_ o 1__1_ H.A o & On* HE “W
g N\ 1. D T = I A
e | | -~ 2 | ML o AT o T % B oF = w_zﬁ_ )
A - .w PR et p g ®gl W
- ¥ L]
e.... W, - \\\1\1.w- \ ] ,__ML mT_ mn_uvo _.:__._._ - mﬂ ._ﬂ0| & .HO| __01_ 7_| m
= S S g KK o e XD o mw ol g
e M__ i — d i om_x_ 70 —~ m‘_ M.o "o Mw [\ MH ok )
e S o L8 2 e o U o o oy~
= a Q_ <! . ,mﬂ ™~
™, _ k3] ol Ko 7% T <
| TTE LD gt E S
: TR ST o by B S
. A = T o E B ool o P om oo
- S P g oy B o R
R R A
oo KT R o8 o) oV U T T o ¥
r o © @
O

A7F 7R FA

Fod

[9)

AF

Al

=

swo] wel A2l Detrme, Al emA

H
(e}

[s)

|

A7) A
Al

|

f i

i

1r

~0]

|

f S

i

ol Al

D AL

1 9]

A%

=

A7F0] A2](distance) :

|

|

{

I

re] A

@ A2
O A|QuA0] 7FH A]



W Rl A2(G2)7F M2 SAletts 7Hdstoll daelE 3-1at o] 71 Algat
]_

hE e AR,

duelE 3-1. 71 24 s

assume that Geofence 1 (G1) and Geofence 2 (G2) communicate with each other
IF (Gl speed = 0 AND G2 speed >= 1)
THEN flexible decision = G2 radius reduce
IF (Gl speed == G2 speed)
THEN flexible decision = G1 AND G2 radius maintain
IF (G1 speed > G2 speed)
THEN flexible decision = G2 radius increment
IF (G1 speed < G2 speed)

THEN flexible decision = G2 radius reduce
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% 3-4% o] ARt AAztoz 9x| EE EAE HAAE UeERte
Ae Bojxu gz Atolo] £t Aleiliso] ofsh GRS 2750 A O
el AlomAg Q14g
REMOVE A GEOFENCE REMOVE A GEOFENCE

TimeStamp End remaining!

O 10 meter O 10 meter

@ 30 meter @ 30 meter

O 50 meter O 50 meter

O 100 meter O 100 meter

Google Latitude : 37.3054691,
Longitude : 127.9217667

S Azimuth: -162.67, Pitch: 79.49, Roll: -12.03 i A 11:11:11

S st KlQMAZ QIAlsH, 12l 3-50F 2¥o] x| QA x|
3 JAIR17F LR, QA 2] Q# A (target)7} 24 (static)Q1A]
F(moving)QIx] Y2ix0], 9 wot AES BAstL FA) K] Q@ A0A 2]

2 Hoj%. g@RH RlemAlL 9x 37.306353%, = 127.924538:=9 Aw%
7o, 17gd Aledsoln] A HMAZ2RE of 2650]H Eojdl AYdS <
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REMOVE A GEOFENCE

TimeStamp : 0: 58 : 59 remaining!
O 10 meter

@ 30 meter

O 50 meter

O 100 metel

Detect Geofence!

Target(latitude, longitude) : Static
S Geofence(37.306353, 127.924538)

Distance : 265.3850503538618

O 3-6. A EA &X]|

Y A2 & 3-104 AlQtet o] & £rof T 47FA] 71 274 7
& &&=7F 0012, G29] o]F &£&=7F 10144l 7ie AJAiof thet A
ok opue}, 9] AY o] Fo] A QMALY 52 A QWA 20] A&
31e F 9ol xlemAz0] ygo] AloMAld FHEES b
A o
T a
,]

REMOVE A GEOFENCE

TimeStamp : 0 : 57 : 0 remaining!

O 10 meter
@ 30 meter

O 50 meter

O 100 metel

N Target Speed: 0 km/h

Source Speed : 5 km/h
Changed radius : Source(225m)
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ofk

Real-time GRS

Client(Floatable Device)

P

Current Location |Lat/Lng

Geofence [
Information

Mac address

Geofence Data

Lupdate

Geofence Server

nvoke

Geofence Task

b

Location Analysis

insert

~

h

extraction

update

@ Client(Device)

v' Real-time Current Location : WiFio] 24 %W access point?] Mac addre
ssE Geofence Task® Adsty, GPSQ ¢/ & & H S Geofence Informat

ion 5= AEsh

v Geofence Information : AF2AIQ] /7% ztE, X QEA F7|(¥HK]Z), €}

AEE Cjufo] 2 FHE T,

® Geofence Server

v' Geofence Task : Client2 2 X|Q3A HHY =S Xt dro} 3x}Y A|BAS
oJst Chopst AT Aslets WE. Cliento] WiFi A8 2 9/4& HE A

" 02 gUEYsto] DBE UHo]Esl Location Analysis &0/ A



st

v Location Analysis : A-3@ A QHAZS 5t X A4S st L& U2
1} 7ol 27kA] A 7M. A WAIR Clienth Aol Qickel Wi A4 Hx
S DBoll +5% Mac Address JE9} tfigat. DBoj| #+5% Mac Address+=
A=29] WiFi Accees Pointo]] tfst Mac Address®} & JE=Z FGE 0] 3.
oot e Ui E3l AMEAE A2 ol B Fof 9leA] Alsta, A&A O
2 WiFi &4 A3 Al3sto] Cliento] o]% ArghS Aldst g g%, &

M= QoA Client7t Aol & OpA|2F 9 /3 &= #t&E=2 Cliente} Ao

oM~ HBS BT,

Floatable 3D Geofence

SELECT SHAPE SET THE DATE SET THE TIME

ADD A GEOFENCE
TimeStamp : 1 : 0 : 0 remaining!
() 10 meter
= (®) 30 meter
£} Location Info O 50 mwtie
Location Results : Indoor - 5F O 100 meter

CAMCEL SETTINGS

atfing: (37.6192.127.060916)
Radius 1 30.0
Expired TimeStamp : 3600000

I 4-3 A& 5304 dalstH 19 4-4 Aleds 274 ofd

I 4-5% A ¥A A7 & 1522 o]5stH U= StHA. &, 5504 Ay
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(| Location Info

Location Results : Indoor : 1F

CAMNCEL SETTINGS

T 4-5 1502 o|F 3 o

a9 4-72 AUollM delz o]
Aol GPS 1A A5 Fdll Y=
AE HAAR BojAle= AS &
Al gHet AlRMS Hojg.

{ ' Location Info

Location Results : Qutdoor

CAMNCEL SETTINGS

A7 6188058, Longitude :
206

Floatable 3D Geofence

REMOVE A GEOFENCE
TimeStamp
(O 10 meter
(®) 30 meter
() 50 meter
() 100 meter

Gocgle

93 4-6 13014 % st

Floatable 3D Geofence

REMOVE A GEOFENCE
TimeStamp : 0 : 5% : 0 remalning!
() 10 meter
(®) 30 meter
() 50 meter
() 100 meter

Latitude : 376194729, Longitude :
127.060545
28 30709

IR HE

Google
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o
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33 4-8 ~ 4-100A4] HH, ¢JX] o]=zof wiet x| QEA

x gole g olsstal A
Ot Location Analysis 250°] 2J5f Client?} Ad{o]] HA= A oulA AH7} 7AAIH.
Floatable 3D Geofence
REMOVE A GEOFENCE REMOVE A GEOFENCE
TimeStamp : 059 ;0 remaining! TimeStamip : 0 59 : 0 remaining!
() 10 meter () 10 meter
@ 20 meter @ 30 meter
() 50 meter () 50 meter
{:} 100 meater D 100 mater
Latitude - 37 6196719, Longitude ; Latitude : 37.6198528, Longitude
127.0605399 127.0607219
28 30750 28 30811
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JY 4-9 $1A] olF = 292 a4 4-10 YAl ol = A3
(@) 947 BA HFUE0] AFEALE
O Z2o|AEY ARIEHE
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wgro2 Qlxsopstol, 1 clutol ek 23 tlutol A, 23 ClufolAgt 3 Cluol
no} kel LA} 930l BAA slof BRI clofol Aol chol @ 214

ofo} &
O & 5-19 AU2joiz 3¥o] ZA A@S AP Aupe ofefe 2. E 5-2% 1
H 250 digt AdAto] 5-32 291 250 st AdAIA. HFAALZ 7]
&o] E+= Yvio]lAE 33 7] Stal, Q1Ajo] &= tulolAF Fof 7|55
B 5-2 19 189 Lnels Ay A (9] - %)
Group 1 Devicel Device3 Device3
FEAN | x| 2® | 3& | & | o2& | 3’ | 1m | 2% | 3a
Devicel - 90 95 85
Device2 90 95 85 - 0 0 0
Device3 0 0 0 0 0 0 -
O & 5-2014 A7 QA Ziut= 7|5sHA] AUR|TE, A9 Axbs gufo]a 1, 2, 3 &
5 AU 9] of|F Axpel go] A QlAJo] EA] oIt 181 152 fufolAlyt
Cjufol A2t 2o wiabo] QYA 1-3xF AE Aa W@ 96.6%2 2 Wy

A 5133,

# 5-3 281 OFo] s A9 B (T = %)
Group 2 Devicel Device3 Device3
FEAA | x| 27 | 3A | & | o2& | 3’ | & | 23 | 3
Devicel - 95 85 95 100 95 100
Device?2 95 85 95 - 85 80 95
Device3 100 95 100 100 80 95 -

Group 2 Devicel Device3 Device3
FEAA | [ 2% | 3A | 1A | o2& | & | & | 23 | 3
Devicel - 95 85 95 - - -
Device?2 95 85 95 - 95 80 95
Device3 - - - 95 80 95 -
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‘ Network Service Module

‘ Processing Module of

Rule-based M Set
ule-based Message Se Vehicle Management

Module

Collect & Refinement
‘ Module
= Context-aware Monitoring
Module
Context-aware Computing
Process Module |

SPARK Platform

6-1. AMEIS 3x1Y Wu[Y A QMA AuAS

1
z

s

of!

NAEIOR AFSHolAl AT iﬁél% 22 A]

wute golg

A 1ho) ojAIRIALS

H
b 7Y 6-29 22 AE AdE =EHYUCh 1Y 39 fojEt UM £ 2R
AN 2AE A

= 1o = S A
RE 8 ARY &

A A AR 2% AR disiA AV BEE Vs Adtd A 1019 o
AR doln, Bao] mep BSMojut CAM/DENMA|H
K-

msgID : 55163c6c125b123b#1/Device Id :
msgID : 55163c6c125b123b%1/Device It
msglD : 55163c6c125b123b#1/Device It
msglD : 55163c6c125b123b#1/Device It
msglD : 55163c6c125b123b#1/Device It
msglD : 55163c6c125b123b#1/Device It
msglD : 55163c6c125b123b#1/Device It
msglD : 55163c6c125b123b%1/Device Id ¢
msglD : 55163c6c125b123b#1/Device I
msglD : 55163c6c125b123b#1/Device It

55163c6c125b123b/Time : 2018/11/12 17:30:15/Latitude :
5163c6c125b123b/Time : 2018/11/12 17:30:16/Latitude
5163c6c125b123b/Time : 2018/11/12 17:30:18/Latitude
5163c6c125b123b/Time : 2018/11/12 17:30:19/Latitude
5163c6c125b123b/Time : 2018/11/12 17:30:20/Latitude
5163c6c125b123b/Time : 2018/11/12 17:30:21/Latitude
5163c6c125b123b/Time : 2018/11/12 17:30:22/Latitude
55163c6c125b123b/Time : 2018/11/12 17:30:23/Latitude :
5163c6c125b123b/Time : 2018/11/12 17:30:25/Latitude
5163c6c125b123b/Time : 2018/11/12 17:30:26/Latitude

msglD : 55163c6c125b123b#1/Device It
msglD : 55163c6c125b123b#1/Device I

5163c6c125b123b/Time : 2018/11/12 17:30:28/Latitude
5163c6c125b123b/Time : 2018/11/12 17:30:29/Latitude

msglD : 55163c6c125b123b%1/Device I 5163c6c125b123b/Time : 2018/11/12 17:30:31/Latitude : 37.343831/Longitude : 127.9967949/Speed :
msqID : 55163c6c125b123b%1/Device 1d : 55163c6c125b123b/Time @ 2018/11/12 17:30:33/Latitude : 37.3437639/Longitude : 127.9967913/Speed
msgID : 55163c6c125b123b#1/Device Id : 55163c6c125b123b/Time : 2018/11/12 17:30:34/Latitude : 37.3436871/Longitude : 127.996803/Speed :
msgID : 55163c6c125b123b#1/Device It 5163c6c125b123b/Time : 2018/11/12 17:30:35/Latitude
msgID : 55163c6c125b123b%1/Device It 5163c6c125b123b/Time : 2018/11/12 17:30:36/Latitude
msglD : 55163c6c125b123b#1/Device Id : 55163c6c125b123b/Time : 2018/11/12 17:30:37/Latitude :
msglD : 55163c6c125b123b#1/Device It 5163c6c125b123b/Time : 2018/11/12 17:30:38/Latitude
msglD : 55163c6c125b123b#1/Device It 5163c6c125b123b/Time : 2018/11/12 17:30:40/Latitude
msglD : 55163c6c125b123b#1/Device It 5163c6c125b123b/Time : 2018/11/12 17:30:41/Latitude
msglD : 55163c6c125b123b#1/Device It 5163c6c125b123b/Time : 2018/11/12 17:30:42/Latitude
msgID : 55163c6c125b123b#1/Device It 5163c6c125b123b/Time : 2018/11/12 17:30:43/Latitude
msglD : 55163cbc125b123b%1/Device It 5163c6c125b123b/Time : 2018/11/12 17:30:44/Latitude
msglD : 55163c6c125b123b#1/Device I 5163c6c125b123b/Time @ 2018/11/12 17:30:45/Latitude
msglD : 55163c6c125b123b#1/Device Id : 55163c6c125b123b/Time : 2018/11/12 17:30:47/Latitude :
msglD : 55163c6c125b123b#1/Device I 5163c6c125b123b/Time @ 2018/11/12 17:30:48/Latitude : 37.3420429/Longitude : 127.997402/Speed :
msglD : 55163c6c125b123b#1/Device Id : 55163c6c125b123b/Time : 2018/11/12 17:30:49/Latitude : 37.3419029/Longitude : 127.9974476/Speed :

T 62, Hefa AeF o] wAAA AR

37.3433073/Longitude : 127.9969208/Speed
7.3433073/Longitude : 127.9969208/Speed
7.3430909/ Longitude : 127.9970038/Speed
7.3429766/Longitude : 127.9970478/Speed

7.3434481/Longitude : 127.9971371/Speed :
7.3434767/Longitude : 127.9971291/Speed :
7.3435397/Longitude : 127.9971099/Speed :
7.3435585/Longitude : 127.9971037/5peed :
7.3435818/Longitude : 127.9970981/5Speed :
7.3436367/Longitude : 127.9970903/Speed :
7.3437313/Longitude : 127.9971023/5Speed :
37.3437819/Longitude : 127.9971096/Speed :
7.3438296/Longitude : 127.9971036/Speed :
7.3438674/Longitude : 127.9970727/Speed :
msglD : 55163c6c125b123b#1/Device Id : 55163c6c125b123b/Time : 2018/11/12 17:30:27/Latitude : 37.3438967/Longitude : 127.9970357/Speed :
7.3439214/Longitude : 127.9969362/Speed :
7.3439105/Longitude : 127.9968813/Speed :
msglD : 55163c6c125b123b#1/Device Id : 55163c6c125b123b/Time : 2018/11/12 17:30:30/Latitude : 37.3438836/Longitude : 127.9968265/Speed :

7.3436018/Longitude : 127.9968222/Speed :
7.3435102/Longitude : 127.9968476/Speed :
1 43.19489288330078 Km/h/Radius :
1 43.19489288330078 Km/h/Radius :

7.3428559/Longitude : 127.9970985/5peed :
7.3425923/Longitude : 127.9972009/Speed :
7.3424551/Longitude : 127,9972514/Speed :
7.3424551/Longitude : 127.9972514/Speed :
37.3421806/Longitude : 127.9973532/Speed :

9.464829444885254 Km/h/Radius : 10.0 meter/Heading :
12.699353218078613 Km/h/Radius : 11.0 meter/Heading :
14.736442565917969 Km/h/Radius : 12.0 meter/Heading :
12.436189651489258 Km/h/Radius : 11.0 meter/Heading :
12.233222007751465 Km/h/Radius : 11.0 meter/Heading :
14.954195022583008 Km/h/Radius : 12.0 meter/Heading :
20.306682586669922 Km/h/Radius : 15.0 meter/Heading :
19.949016571044922 Km/h/Radius : 14.0 meter/Heading :
18.472286224365234 Km/h/Radius : 14.0 meter/Heading :
17.243343353271484 Km/h/Radius : 13.0 meter/Heading :
15.555445671081543 Km/h/Radius : 12.0 meter/Heading :
17.968868255615234 Km/h/Radius : 13.0 meter/Heading :
18.181182861328125 Km/h/Radius : 14.0 meter/Heading :
22.07008171081543 Km/h/Radius : 16.0 meter/Heading :
24.30224609375 Km/h/Radius : 17.0 meter/Heading : SW

1 27.820598602294922 Km/h/Radius : 18.0 meter/Heading : S’

31.600082397460938 Km/h/Radius : 20.0 meter/Heading : SE
34.7135124206543 Km/h/Radius : 22.0 meter/Heading : SE
38.38960266113281 Km/h/Radiu: 4.0 meter/Heading E

26.0 meter/Heading : SE

6.0 meter/Heading : SE

1 46.122440338134766 Km/h/Radius : 28.0 meter/Heading : SI

: 48.7268180847168 Km/h/Radius : 29.0 meter/Heading : SE
52.2889289855957 Km/h/Radius : 31.0 meter/Heading : SE
56.767250061035156 Km/h/Radius : 33.0 meter/Headmg S\
57.55403927001953 Km/h/Radiu
57.55493927001953 Km/h/Radiu
57.23967361450195 Km/h/Radius : 33.0 meter/Heading : SE

57.23114776611328 Km/h/Radius : 3|3.U meter/Heading : SE
57.8615608215332 Km/h/Radius : 33.0 meter/Heading : SE

O ojet &2 A2 miAYZo st A|AR A]HEATIo]o] T (sequence diagram)

6-37} Z-2.



: Device | Message ‘ | SErver | ‘ : Client ‘ ConnectedMessage : ConnectedCar

(SmartPhane)
: < <Eraatan >
il socket :v Sockst
it e
-
coorgates »
— T
wiiteChiectiMeage) | [ 4
| oceiven
B 'T_'ET'_:u_m_n,—i
e sendMeszagelConnectedMiszage] | alt s
2 2= sizef)
loop i L = :
displayiCannertediesage) Lonverthessaged
le.. | e
_recognitionl) | ] <cewaters
NS | F—— 0
conventtonnestedhiasiagel)
saﬂdMnﬁ:gctCénnmdegol =y
I AR W T e | | N —
loap T
{ displaylConnectedMessagal

23 6-3. AHe} S2o|AEINY e Aat AlEA Tho]o] 1Y

T3 637 22 A2lS Bl 2 2olAEL wulY AUHC Y A oHAS
Qigsto] AUEE Jh HulAS AYWAL AYUSHE FAZE HHA S Aus

0] % EAS Hast= C-ITS(Cooperative-Intelligent Transport System)2]
qare 23 4 Yt DUEY A2HoE 15D £ IS

(7) %P ButY AES 3Rt A oMA TAYT Tt

AIFE £E-9H3 Y MVE AJAEl] of7|ElR: 73 7-13 Zo] MVEZL Qi Aujet 2

gto]ddER FAE. V2X BA0M, ¥ ITS(A15F 15 A|AR E+= RSU(Road Side
Unit)) & Zeto|RES A, RSU E= HegAto] ofg & & U3,

Client-service Component

| Map View I

Recerve Interface Send Interface

I Location Sensing ]

| Speed Sensing | i Context-awareness Component
aleuliti 4 it C ted-MVF
Sicilanon it Action Message Distributor Reeogition G :
MVEF's Radius Manager Manager

E_I"q‘lfhj]{‘__ll —

Lug & Path !niu
Network Handler —

Metwork Service Manager

Client Server

I 7-1 AYEE 3RHE Rl edlA mdY3



() 2etold ] 2A0} )%
a3 7-10|A BZo] Zefo]dEo= 5719 Rt F= Y GojgHo] AT} Qlo
o AHo= 2719 4d Q4 271 flo]EH|o]AQl Network Service Manager?}

A
o
o -

]

olg. ZefollES PYSIT Gl BESY| otk ATl ojgt ARARe thed 7

Map View : {12 A] =4 HoJ¥] A2 X =g Z2to]dES] st o HosE.
Location Sensing : GPSof oJsff dAAl A& GAlst A=d9] 9= J=s
greh.

Speed Sensing : Yu}0| A9 £ oF WFeFZE-3 Al4bsto] yhet
Calculation of MVF’s Radius : 22}o]HE MVF9] &% ¥123 Hix]| 22 2
Al 1o] olsf] Al4tsto] wrgt
. |Base, 0 < Speed <10 (Km/h)
Radius = {(Base + Speed) =x,  Speed > 10 (Km/h) &y

Al (1)0]14] Basel WA 8] 7] 23t0] 1, xi 0.52 AAlsto] Zetoleleo]
%57} 1Km/h# 27bd g} ¥io] 0.5mA 5713 baseS 7|EAo0R
10m= AAslet ol g, o Aol Ly 2% 30 Zolo siYst 113G
AEARol e H3str] e, w4, ZetoldE0] MVFO] radius?} 55me}
A3ho] o, ojm} AZE MVF

% 2t Aele om7}t . olejat AeE
A3 AP FHAS F AL I AT AR S 9AT 4 QL. iz

o

St=2 14 % 204 100Km/h
O

-

ol
o rr

= vHYFoF .

® Path Info : Z20|AES] 28 7|5 A F= FJH7T AYH

® Network Handler : Ul Y EQ 3 7819 My "4 4 HA|X] B2 EI|AE]

g X

L pAleHE WS,

Zato| A ETF AR oA ALt £ A HA|RAIL {device-1d, Current time, Latit
ude, Longitude, Speed, Radius}®l. o] 4%, BSM = CAM/DENMOoj|A Hilst=

AR S 25 A2 4 AR A WA o7l 2T AESHA] Ads. dust



H AE E 7HNY SEoldESo] S50 mE J= A2E

S 2795t0] 7|E|C MVF
I159e Hol%7] 93t Zlo] FH Sxjolv] tRo] &4 uA]

ARG AL§ .

(L) Ao 28} 7]

2 7-2% Server?] A ®HA Component= AHZ0|A] ClientES X|¥st7] ¢35t
A2, 0 B4T FetoldE S B AR FRES 25T, A2 A
T FYEE 7h5to] A3 }% 0%‘%*% Foie. & WA Component= Z20]AE A

]

£ o8siol AR, A2 g dus

T

xy
O Zelolele Aus FadE
@D Receive Interface : Seto|HEZHE ALH HAIXAlS SAlst, A2 2
2fo] A E 9] 7§40 Wt Message Distributor?t Send Manage®t A5 Ar8.st
@ Send Interface : Connected Message Managerof 2]sl ¥HAi= g|o|EE ¢
gio] Az A5
® Connected Message Manager : Recognition Managerof|A] HZ2= X}&F A
ug Mhgo} cufo] o)A $AIs7] A ClojElz e
@ Context-awareness component
@ Message Distributor : 7} Z2}o]AE 28 vhe HAIAAS Folisto] vjd =2
+/dstt, o]Z1-& Recongnition Managerof|#] X143t
@ Recognition Manager : Message Distributoroj|A] A& z7ro] uj
= o]&sto] A7 QA &S Sl AZEH yuiols RS
@ Connected-MVF Manager : Recognition Managerof 2]af #2]%l MVF9] &
2 FEE pAlsta, A7Z2 ZE HolHE oA EqA A&
@ Network Service Manager : MY 2738 AAst1 Z2fo|AEE 23t adhoc

HEHIS et
A2 JHiE AIsH] Y5t 7teE HolHE AREstol ZH2e] miAA|AlE 25t

ol 7tgstt, A2 FE S 7IRFCeR sh= HolHE Z7to] Zefo|d e Adet. o]

(Ch AZY MVFSS A4sl7] 913t J3aa AFY
@ HARAY B

HIAIAIA 28] di2]E 7-12 offe] daF 7-209] 7led A2 UM L
ol ALEE= HiEe wigshs daEd. A2 A4 s ¥l dEd
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Algorithm 1. Message sets’ distribution
BEGIN

size <- mvf's size

1<-0

WHILE the next value exists in mvf

message <- get a Message Object in mvf
devicelD[i] <- the device Id, which is a member of message
latitude[i] <- the latitude, which is a member of message
longitude[i] <- the longitude, which is a member of message
radius[i] <- the radius, which is a member of message
i<-1+1

ENDWHILE

RETURN connection_recognition(deviceld, latitude, longitude, radius)

END

N dne]Ee 2 RIS MVEZL 9= 9 =0 oiatale Aot wE
AR B7S AzElol Qlojobat. of7|oA, 91w, FE 2 ¢lwo] cha) A3 o
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A7 914 AnelEe HAH BE jufo] 2] 9%, P&, ¥PIE o] g3l A2
S 7)atsto} Zk7ke] clufo] Azt GiE| o] QAlY) ofRg ARSHE A1 EY. of
X qgez AZA2qms HHsforgt of. o
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Algorithm 2. Connection recognition
/* Notation: vector = reference type variable of Vector<recognizedSet>
Input: devicelD[], latitude[], longitude[], radius[] */
BEGIN
size <- array size of the arguments
for i = 0 to size
for j =i +1 to size
dist <- distance calculation using latitude and longitude of array
IF (dist <= radius[i] + radius[j]) THEN
ADD vector <- recognizedSet(devicelD[i], devicelD[j], dist)
ADD vector <- recognizedSet(devicelD[j], devicelD[i], dist)
RETURN vector

END
® tlAlxe] gt
o] ¥nFL 2} FefolAES] UFF YRS AT, YVF 7-29] AYE o]
goto] AZY MVF oAlAIM0 2 TYohe LueEY

da]E 7-3 HAIX] ] W

Algorithm 3. Messages Conversion
/* Converts each device information to the connectedMVF message sets




Input: Vector< recognizedSet> v, List<Client> list) */

BEGIN

iterator <- iterator of vector v

WHILE the next value exists in iterator
car <- the next value in the iterator
previous <- cars previous member
next <- car’s next member
distance <- car'’s distance member

IF current device id is equal to previous THEN

FOR until the next value exists in list

IF the device id of list is equal to next THEN
message <- connectedMVF(list's device id, distance, list's radius,
list’s speed, list's latitude, list’s longitude, list’'s time, list's heading)
ADD cMessage <- message

ENDIF
ENDIF
ENDWHILE
END
A2} A2 @Al tjuto] A id-g =Fsto] tjupo]A Afolo] A A2z /. 1
2Bz gufo]lA idE o] §sto] H&H tufo|A9] YH2RE 7} tjufo]A0] FHE
= 5510 A4 MVF HARAS 4

n
@ HAIRS] ¥ duE AR
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= O(n) + O(n * m) + O * k)



933 =
2folAEE OJEEOIE v AAE 7Ivte R sh= ATUIE £2 ARESHY fLdd.

Samsung Galaxy S8+2] Z+ AFX| ID= fce77f9031108d9e(eFAl fce), 55163cbe
125b123b(2FA] 551)olt] A/d Galaxy S7+9] ID+= bcbd7edceb8f640c (2F2] be
b), b2b657dd34962804 (fAl b2b)Ql. o] ATLEZE & 3tjo= Zt2h 15j9] R}=fo]

BofE]9l T BaAolA: b2bels ] IDE 2 AULE Eo| Hofd. 9o 7]
2% 20FY WES A5 1 7-33 2o] AN H2E AHEstel £2 10.4 K
mE g FPslo] £A NP 42BY

O 7-4= 23 7-30] mAlH =2 o8 5 349 AMF £=oF MVFQ] whg W
b= Ho&E. o7]|oA x5F52 £o|H yH2 £%0]1, spd_fce?} rad_fceQ] 42
AFge] FA] id7t feeQl AFFY] &0 MVFQ] vHg Q). AupRlo 2 7F RFFo] &
e M2 YXIsHe MVFY] vt vlgsto] UeRd. 35t £ %27 10km/hQl -9
21719742 10mo] 9o 2 ERd. ®3h, HaiAs 9 7-49] @ 8% ofzlf WAj2]o
&2 9F vhgo] mA|Eo] 9lon] ¥HE2 100/ Y.



Caprrmnctmed MYVY

spd_fce rad_fce spd_bcbh rad_bch

Case 3
350 rad_b2b =

——spd_551

rad_551 emmmmspd _b2b

120
110
100

= 40

Time

..14:52
14:52
..14:54 -
15003 ™
15063

Canmected WT

Connected MVF

(a) fce (b) beb (c) 551 (d) b2b

T3 7-52 7 A BPAE SN sl YA A2 AZEo
g 2 £7) 233 A4S BolE. ol7|A, e U Qolut Al 59
8 gooe 1RE MY 2 Puol o goe UPH A7)

=R

= =
o] "o = Az, g5l o] B2 1Y 7-69 AEXYE =1 HolE 7=

o2 o} 9.




ey | ToeTPOGIL LOBISeN 1/ avice B | FoaTTM0 31 L0 e
oD | fosT7IE00] LDBSSea ] Davics §d ¢ foa7TH03] | e T me
frsglD ; foe ) MO0S11DEd0es 1/ Davce 30 | foe? PO 3] LONdbe Tive
gl | foaTT00 1 1 08d%es | /Devios 10 | foe 7T ] L O8d%e Tume
gD Fom P90 1 1 08 bed 1/ Durvicn B | Fow TR0 01 LoRda Ve
ragiD | foaTITR00 1 L0Mbe 1/ Device I | foe 7700 0B Time
il ; FraTTE00] I0NI%e ] Davice 3 1 foeTTHI0 3] L OB Sy Tive
G0 | Foe?POOI1 10061 Davice B0 | foe TR0 31 1 0adN Tive
gl | foe 774801 L DN See 1 Devoe id
il ; w7031 10Bd0e# 1 Davice 14
foe? MR001 1084 0e w1/ Device 34
IDRiSe# ] Devoe 3s © i< 1 108D T
gl | FeaTMO0) 10806 R ]/ Davica B8 | FLaTIM031 L 0G0 Tima

D3RI Lengitvde @ 1279996864/ 5p0ed - D). 7837064650 3906 ryivEadus | 510 meted/aad
14/ Latitudds © 37,77904  127.95075] /Spead - 8). TORIOAGSTI0LAT SmyhyRacun © §1,0 meteriapc
315/ antude @ 5700010340 127 000874 Spetd - U3 FMA00SA80TI06 Uy hISaS | 51,0 malerMaate
17/ Lattude | 37.3303361 12755991/ Spend | %1 65364305351507 Wm'tViadws © 51.0 moter/headng
18/ Latitude o 1L P00 Spead - B)AMRGTIOI0NG D Gny v ades © 510 mele) e
1Wlattude | 3710005 LosgRude | LIS 0000691/ Soend | B1.6EARTSHISITETE Rnh R | 51.0 meteieading
i/ Latrtude ; 373712885 Longtude ¢ 178.0001677/Spemd - 03 45787322990047 Imih/Radnn | §1.0 meter/Heasr
L 21/ 1atele 1280001098/ Sposd | DRSTI0ATE0H6 M0 EVIVEDGRS | 1.0 matir e
2018/10/07 15:03: 2N Lattude 178 000 16TR/Spoad - 93 $41541833454 ] KnmyRadas 1 51.0 meterHegding
2018/50/07 15:00:3%/ Latituds 1280001834/ Speed - 0145801 544180457 KmyhyRadim | 51,0 meberbad
2000LO/07 15:00 2%/ Latitude : 1280001 922 S0aed | §1.3300528562 1094 knvWRadus - 51.0 meteHeading
TOVBT 18:02: 27/ Latrtude : 1‘ HM"I‘I negtude - 100001 4 Seeed ¢ 90, 08TETTIIAN0AY Kay'nRahn - 51.0 meteraackng
B/E0M07 1500 M0 Lantude : 57 350101 engtude | 128.0001856/Sp0ed . 0L J0TMENBNISTAL £y IVRSSGS | 51.0 malen/raS
TSI L0808® L/ Devica 1 | foa7THON] LOBGSe Time ¢ 200W/L0/07 15:03- 30/ Latitude | 37.033374G/Lengtude  128,000179/Speet | 53, 263259R70353] Kn/n/Radu | 510 mete/Hagiey
len T o011 D8t/ Tivm © 20171007 18:03 atrtude | 171109 Longitude @ 1790001410/ Speed @ 92.07403411005234 Kavhy/Radan @ 51.0 meter esthng
Bidber 1/ Davice 3 | foe7M 5031 L0800 Tive - JOLA/EO/DT 15:03 33/ Latitude | 373807 Longrude | 1280001157/ Speed | 92 6081 17M7E5L56 iy il | 51,0 meter/Hoadng
DfdSes )/ Tovoe Id - foaTT¥5007 108t Trme - 2010/10/07 15-03- 34/ Latbude 1 37,3343 Lonptwin ¢ 120.000081 1/ Speed - 87 MT7I50 1084700 Emyh/Radus © 510 meter Headng
1OBI0ES1/Davos B | fea?TNOI1L0SdMTime - 200/L0/07 15:00. 55/ Lattude | 37 3MSI00mnptule | 128.0000471/Spekd - 02 ASPEQI27294000 N Radhs | SLO mate/Haad
foeTT*R) 1 L06Dee )/ Devce 3 | foe7 7500 | DidPhe/ Tme - 20168710/07 15:00: 37/ Lavtude | 37 133670 Lengtudn @ 127.999962575posd ~ 92 2446740826171 9 OmyhyRades © 51,0 merber/Fapaw
gD | fow ! 740001 L0BEBSS 1 /Duice 1S ¢ foe? 033 LORE 0N/ Tire - 20T TODY 150238/ Latituule | 37 1982047/ Lengtan © 127900100/ Spaad - U2 I0439400520900 Krny Iy Radkus © 51,0 meter/ i

[

a3 7-6 yupolA id7t fee?l AE 27 HlolH

-50] aejmolA] statme mAE Ao Al 7bR] Aol ojgt 7t

Connected MVF Connected MVF

R .ra

LY , i ? _ £

- L]

i

Rl A

0 b Cro e Google M

(a) fce (b) beb (c) beb after 2 s
a2 7-7 Z388 X9 tjuto]lA Id fce@t beb Ato]Q] HAAE MVFQ] 3tH

g 7-72 A2" MVEZF Bad AFF9) fee?t bebo] F Q1Ao] g ot

37 7-7(a) feceo Al 14A] 578 58x0f AAH Th2 R+ 7

7-7(b) bcbe] bebolW, & Abg 7He] A= ti=f 76.87mo]H, fce®t bebe] MVF

Rl fET o 5. Bt e o] o] Abef ko] ARy o8 Jo IAst
o

o, 28 7-7(c) bebt oF 2% &
£ Al

| 2Ast=
ol AAH



AR TEY. o] AIRF LAl ADLE E9] JAMY 54, 744 2etd U EHIZS
ol5t 7

A A, AW Az gh7] AZF 5] YR AIZF AldoR

Olv

191, weba], ojut

o]~ Id fceS QAAst= H8bo]A Id beb9] AE-2 HHtolA Id feeQ] AJRTO 7]&

ot 2& 891 Aoz 7HgH.

o~ - -
-t b - o

-

Connected MVF Connected MVF
$TOP SERVICE

(a) beb (b) beb after 1 s (c) 551
a2 7-8 238 A}=F gufolA Id bebQt 551AF0]9] AZAE MVFQ] 3tH

o2 Adel Axtg 13 7-82 bebl] MVFESF AAH Ak 551 Atole] = 2l
Alof| o5 2% MVFY stHES Ho&5, 0 7- 8(a) bebe 13 7-8(c) 5519] A]
7ro] 14:58:08%1 AJ7t 14:58:099] 1A, 200Q] AI=F2 2F 60.30m=E AAHH. b
Hol| I3 7-8(c) 5512 A7t 14:58:080]] =1 7-8(a) bcbE AAIstAL bebQ] Absd
BEES Bo&E. EBsH & FA] 719 AlZFR= QoA g F 1-2%29] AIRF Ao
2 QIst Zo|7] WjFo]l 21 7-8(a) becbE I8 7-8(c) 551 1x A9 Ak JHE
AR o]9f T2 B9+, HufolA Ho] AZIRME AlQlstal = 24fe] AAE MVF
2 2™ 7-9914 (a)2} (b)= uiEH

fce



a3 7-9 224 Aol @ o] HEMoR Y MVE
O w2 E Alro] ¢S] Ads MVFe] A

.
HEIA MIZIAY '
[ ] ")

(a) fce (b) becb (c) 551
ad 7-10 571 AZ2= MVFQ] 31

& 7-10(a) fcex (b) beb®t (c) 5512] 1% Aof 15:10:05 A]7Fe] AMEJE Q1A
dto] M2 &4A35] AAYE MVFE Hoj&. 73 7-10(b) beb: AJ7F 15:10:06 A]ZE
of 23 7-10(a) fceo] AA=UAT 1 7-10(c) 5519] 1x o]} &0l A7
Eojole Zow U2 o stHoz, 08 7-10(c) 551 (b) bebet (c) feced
SAlOl GARIA 7|2 ZpF ZEe] A E ALt

od



551

—

L

O

fce

g3 7-11 E2A9] W E x}2Fo|

QHR15] AT MVF Arsto|A] tjufo] A 7ho] A|7HA}=

(a) b2b

T3 7-12 BRI} Ak Afo]o] &

7-12+

re

2

Al

o2
rr oo nE

—

|4 on

7-12(b
g 7-12(a)E0h 2% oHd Jlo= UERy

g3

(b) beb

MVF9| stis HofE. Ate] HAo| = -5t
th=k 3.78 km/h &&= 2 15:03:020] BPsteiA =25 Aupe= 1 7-12
b) beb 3 (c) 5515 AAst] M2 A2 & RS i@lﬁh st
) bebe 15:03:019] AJZtof] 17 7—12(c) 5510041 <1

Alejstar 2y 7-11xF 2
22Ut =20 A A2 HE

(c) 551

A5 AZE MVF 43

oh ol HeAY} =2 IAE Alute & oY Aol sl &3]

= 7-12(a) b2bo] ¥

T3t T
o, Al
3:019]

A=
E3H 37 7-12(b) bebe 15:0



512 11 7-12(a) b2bo] st 2

5 B
= 19 7-13% Zo] =2 At sdstA .

T AR} YRS 28z s AYEE 7t Au]A 8do] Vhee B9 &
SR HAIR] A EZL BIAET} ofd BSM ®+= CAM/DENM®] H]E HAIA] N E2
247" 48 A A R HERI AA2 A AlPE EHEAZ AY

=2 Auo-
1

7z
w AN AT AJA”I2 ZORED dAdA oz HE 7Hs/do] 1ot VDEB
2]
[e]

of Y 7|y HIWS HolF. E3t, R0 A WE BES Mot 4O ug
o] o] SAIT TG A AHL LA ADLEES AFESE] ThRo] 27} vl go]
gua3
MY HEL§ AUEC AU AoMA BAE UA 7
AR AFSY AL 2] PsIA J1E0] PRAY A Aol H5 HE K3
Connected-MVF A|A81-2 7]9to 2 MAF. 7] AAEle ACLEE ALGAVL A1 2414
o2 37

O153H Thge] MAMVE)ZE HYE 1, 7ol MAsl 213 4o oot 7haA

d

o 9uot Ao Y4 AolS o] . sy, ATLEE
1 o 2]
a

o
)
)
1
ol
ol
4
i
do o N
od mY 2B rr oX

o it

=) ri

i

9

R

T

12

4>

%9,

= 10 do
=2 £ ju o

2. A WA T§0] ZHY AFL o 24E AFY. of2ldl 2719 7157 o



h ¥ 24
oA Ageh vie} Zo], ADFEEZ Azimuth, Pitch, RollZ& o] &5to] W3 ALkt
A71M F2g 9fulste Azimuthie U1 st ofRte] E53olle o] Waty. &
AUTEZS 7HA1AL AR Uz o5l Fett Waks e 471 fle. olT =AIE
siZst7] 915t 1ot d=o] 914 Atol & ol&sto] Y-S 2R, old tigt 1 Fe
B2 Hdofl, & 8-12 olaiE 571 1% =Y.
# 8-1 W 245 A 2y 4
2l 3% | 1| 2 | 3 5 | 6 | 7 | 8
fEof Aol gk | 0 | 0 | ¥ | 8% | ¥R | ¥R | 8% | 9%
30| Ato] L ¢ | = | O 0 | ¥ | S5 | I | 22
w3 A% E W N S | NE | NW | SE | SW

H

8-12 a2 243571 g 274K al(factor)it 871419 F%of met 2= &
fo HoE. & 8-101A &=t =9 Aol 3y 23

® ifferencelatitude = cyrentLatitude — peroreLatitude
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® differenceLongitUde = currentLongitUde - beforeLongitUde
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/* Input : currentLatitude, curentLongitude, peforeLatitude, peroreLongitude */
BEGIN

IF peoreLatitude = 0 and perorelOngitude = O THEN RETURN terminate
ENDIF

gitferencelatitude < cyrentlatitude = perorelatitude

differencel.Ongitude <— cyrenidlongitude = perorel.Ongitude

IF gitferenceLatitude = 0 and gisferenceLOngitude = 0 THEN

heading < the azimuth angle by sensor
ELSE




heading < updateDirection(gitferenceLatitude, giserenceLOngitude)

ENDIF

IF giferencelatitude > 0 and gisterenceLongitude = 0 THEN heading <- N

ELSE IF gifferencelLatitude < O and gifferenceLoOngitude = 0 THEN heading < S
ELSE IF gifferencelLatitude = 0 and gifferenceLoOngitude > 0 THEN heading < E
ELSE IF giferencelLatitude = 0 and gifferenceLoOngitude < 0 THEN heading < W
ELSE IF gifferenceLatitude > 0 and giferenceLoOngitude > O THEN heading < NE
ELSE IF gifferenceLatitude > 0 and gifferenceLOngitude < O THEN heading < NW
ELSE IF gifferenceLatitude < O and gifferenceLoOngitude < 0 THEN heading < SW

ELSE IF gisferenceLatitude < 0 and giferenceLongitude > O THEN heading < SE

ENDIF

RETURN heading

END
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i vehicle1 | ‘NW
\J

o2 j®
vehicle2 /.fNE

kX

ggF—2 Y E W S N
E 1 0 0 0

W 0 1 0 0

S 0 0 1 0

N 0 0 0 1

SE 1 0 1 0

NE 1 0 0 1

SW 0 1 1 0

NW 0 1 0 1
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/* Input : v
BEGIN

FOR i

Initialize eastCount, westCount, southCount, northCount to 0

< list of connected car */

= 0 to size of v




IF v contains 'E’ THEN eastCount++ ENDIF
IF v contains ‘W' THEN westCount++ ENDIF
IF v contains ‘S” THEN southCount++ ENDIF
IF v contains 'N° THEN northCount++ ENDIF
ENDFOR
IF eastCount >= 2 THEN decisionHeading < “EAST”
ELSE IF westCount >= 2 THEN decisionHeading < “WEST”
ELSE IF southCount >= 2 THEN decisionHeading < “SOUTH”
ELSE IF northCount >= 2 THEN decisionHeading < “NORTH”
ELSE decisionHeading < “NONE”
ENDIF
RETURN decisionHeading
END
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/* Input : v < list of connected car, headingDecision */
BEGIN
orderingMessage <— Array of device id, latitude, and longitude of v
IF headingDecision = “EAST” THEN Sort in descending order by longitude
ELSE IF headingDecision = “WEST” THEN Sort in ascending order by
longitude
ELSE IF headingDecision
latitude
ELSE IF headingDecision
latitude
ENDIF
RETURN orderingMessage
END

“SOUTH” THEN Sort in ascending order by

“NORTH"” THEN Sort in descending order by
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