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[1] Becker, Vehicle Manufacturer and Supplier Briefings, Automotive Vehicles Symposium, July 2014.
[2] Ross, “Will Commercial Cars See With Laser-Powered Eyes?” IEEE Spectrum, June 2014.
[3] htto,//h20.media.mit. edu/pdfs/wym2007-0509 pdf

[4] Lewin, "WiFi-Honk! Smartohone App Gets Pedestrians out of the Way,” IFEE Spectrum, July 2014.
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- 2EXOoZ line-of-sight (LOS) 7|=
— OIA Altte|2 [1]: &2 2471, A8 50m

—>: vehicle driving direction

visibility: 50 m Driver’s view

Vehicle Initial speed End speed Note
Ego 50 km/h 60 km/h AEB system
Vehicle 1 60 km/h 60 km/h Lane change Normal Jerk brake Partial braking Full brake
: : : TTC > 2.0s TTC< 2.0s TTC < 1.6s TTC=0.7s
Vehicle 2 55 km/h 0km/h Vehicle fault raking force 0.0g|  |Braking force 0.3 g raking force —0.6g| |Braking force -1.0g

Vehicle 3 70 km/h 70 km/h Opposite lane

[1] Cho, Kim, and Kim, “Usability Analysis of Collision Avoidance System in Vehicle-to-Vehicle Communication
Environment” J. Of Applied Mathematics, Apr. 2014.
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Sensor-Based Solution Only

¢ Cannot sufficiently mimic human senses

» Not cost-effective for mass market adoption

* lack of adequate 360° mapping of environment in urban grids

Connected Vehicle Solution Only
* DSRC does not currently work with pedestrians, bicyclists, etc.
* DSRC-based V2I might require significant infrastructure investment

* V2V requires high market penetration to deliver value reliably

Converged Solution
* Convergence will facilitate adequate mimicking of human senses

* Convergence will reduce need for an expensive mix of sensors
and reduce the need for blanket V21 investment

* Convergence will provide the necessary level of functional
redundancy to ensure that the technology will work 100 percent
of the time

' KPMG Interview, 5/17/2012.
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* Y H(cooperation)0| Y= M F2iot7| #|AX|= SE=
- WXz F= 24, gN30 ot MY == 9O, AHd g
— Platooning
+ 7t SR Z2 42 0= HAIX|= B dHH vehicle dynamics
£ 7%l platoonQ| string stabilityE ?|dll ==0| & [1]
— String stability is defined as the vehicle ability to attenuate the
propagation of the effects on the inter-vehicle distances of an

acceleration disturbance introduced by the leader or any other
preceding vehicle

/_,Tgkg information |

&) 5
#parking

— @& MA (collaborative sensing)

[1] Dunbar and Caveney, “Distributed receding horizon control of vehicle platoons: Stability and string stability,” IEEE
Trans. On Automatic Control, June 2011.
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Path History Data
Representation Eror

PH_ActualEwery

Path History Aotual Data

ks

Current \ehicle Position

Path Hetory Concise
Data Bement

Path History Concise

-

Table 3 — VSC-A (SAE J2735-Based) OTA Message

VSC-A Basic Safety Message

Part 1

Basic Vehicle State
Message Sequence Number
Temporary 1D
Time
Position Latitude, Longitude, Elevation, Accuracy
Vehicle Speed, Heading, Steering Wheel Angle
Vehicle Accelerations, Yaw Rate
Brake Status
Vehicle Length, Width

Data Represerntation

m== Host vehicle predicted path (curvature)

Part IT

Vehicle Events Object

Vehicle Path History Object

Vehicle Path Prediction Object

Vehicle Relative Positioning RTCM 1002 Data Object

Figure 5 — Host Vehicle Path Prediction

Figure 3 - Actual and Concise Path History Representations

[1] SAE, Dedicated Short Range Communications (DSRC) Message Set Dictionary, /2735, Nov. 2009.
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« Basic Safety Message (BSM) Part II [7] (cf

o Mol BEE S = US

BasicSafetyMessage ::= SEQUENCE {
-- Part I
msglD DSRCmsglD, -- 1 byte

-- Sent as a single octet blob
blobl BSMblob,

—-- The blob consists of the following 38 packed bytes:

-- msgCnt MsgCount, -x- 1 byte
-- id TemporaryID, -x- 4 bytes
-- secMark DSecond, -x- 2 bytes
-- pos PositionLocal3D,
-- lat Latitude, -x- 4 bytes
-- long Longitude, -x- 4 bytes
-- elev Elevation, -x- 2 bytes
-— accuracy PositionalAccuracy, -x- 4 bytes
-- motion Motion,
-—- speed TransmissionAndSpeed, -x- 2 bytes
-- heading Heading, -x- 2 byte
-—- angle SteeringWheelAngle -x- 1 bytes
—-—- accelsSet AccelerationSetdWay, -x- 7 bytes
-- control Control,
-- brakes BrakeSystemStatus, -x- 2 bytes
-- basic VehicleBasic,
-- size VehicleSize, -x- 3 bytes
-- Part II, sent as required (
-- Part II,
safetyExt VehicleSafetyExtension OPTIONAL,
status VehicleStatus QOPTIONAL,

-- # LOCAL_CONTENT

e ®ET2| CAM/DENMO| of

“Part II Gl OJ|E{= optional EAf EF

of HEIE HolME HHo mat He
Bt 2 BB + AL
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2025
Sufficient built-in and aftermarket penstration
to support self-driving applications
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Note:
[*) Assuming sverags thres-ysar
vehicle development cycle to

‘accommeodate testing. validation. etc.

("} Assumes mandste will hasten
investment an enabling technologies

[1] U.S. Department of Transportation Announces Decision to Move Forward with Vehicle-to-Vehicle Communication
Technology for Light Vehicles, NHTSA, Feb. 2014.
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Degree of autonomy

v2Xojl o8 XtEFY 7% Het

-~ Automated Highway /a
- AUtONOMOous Systems{AH%} -
o Unmanned Military
E Vehicles
(] ~
-~
=
.~ Agtenomous P
Ada%twe C:’unse Cooperative -~ Platooning
S Adaptive Glyis’é
- Control (CGACC)
w -
= e
w
& _ ‘f)’
Intelligent A Intersection
Speed Adap:go,n Movement Assist
o~
- - - - - V> - - " " """ —— — —
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= ~
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= Auton/gn‘i’&us Electronic Emergency Cooperative Collision
= . - -
- Warning Systems Brake Light Whming System
> a
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£ \

Degree of cooperation

M Key: Indicates DOT focus application for connected vehicles
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Cohda OBU A%} xt2t 7k BSM H|A|X| & (PDR) 2 =% 7D}
- XRE

200 bytes ! & dBtn 200 bytes! 21 dBm
—#—3MBFS —+— IMBFS
nal8 ——4.5MBPS na —+—4.5MBPS
—s—EMBPS 4= —s—EMBFS
—=—MBRS —=— 9MBRS
—+— 12MBPS 0.6 - —&— 12MEPS
13MBPS 18MEPS
—&— 24MBPS 0.7 - —&— 24MBPS
—F—27MBPS —=—27MBPS
g 0.6
R 505
2
- 0.4
E
- 0.3
g 0.2
- 0.1
1] g - — 0 L L L L
50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500
Ranige(50m bins] Range[50m bins]
o 200 bytes! 21 dBm
- N2 EAl e
—+—3MEBPS
——4.5MBFS
——EMEBPS
—&—OMBPS
—+— 12MBPS
18MEPS
—s—24MBPS
—F—2IMBPS
1 ! ! - L ! |
50 100 150 200 250 300 350 400 450 500

Range[S0m bins]
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[1] Park et al, ‘A FeaS/b/'//'zj/ Sz‘udy and Development Framework Design for Realizing Smartphone-based Vehicular
Networking Systems,” to appear in IEEE Tr. on Mobile Computing, 2014.
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- SE1 HFHLFO0| et 2tA 28 |0l 24

Awareness

Congestion
control

control

Dynamic vehicle
density

Packet Inter-Reception
Time (IRT)

Channel Busy Ratio

Fairness

Target distance

Message
generation rate

Transmit power

[1] Hartenstein, "Why is Vehicular Still Challenging?” IEEE WiVeC, 2013.
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» K|LEX[A B2 m2tog el Fet
- 78 E=Q ETSIDCC ds2 o2 HAM 2X7F A [1,2]

Channel busy (1s) > 0.15 Channel busy (1s) > 0.4
Relaxed (“2”) Active (“17) Restrictive (“0”)
TxPower: 33dBm TxPower: 23dBm TxPower: -10dBm
RxSensitivity: -95dBm RxSensitivity: -85dBm RxSensitivity: -65dBm
Frequency: 25Hz Frequency: 2Hz Frequency: 1Hz
PHYRate: 3Mbps PHYRate: 6Mbps PHYRate: 12Mbps
. RESTRICTIVE Channel busy (5s) < 0.15 Channel busy (5s) < 0.4 :
r LT ?\
55 e BT A i
. VLS I
—~ 65 i :
=
m -
= -
75 +
—_ + .
N g
n + e
X s -
-90
-95
-100 E :
0 10 20 30 40 5 60 70 80 90 100 QE

Distance (m)

0% 40 *Uenicle ID

[1] Kuk and Kim, Preventing Unfairness in the ETSI Distributed Congestion Control, IEEE Communications Letters,
July 2014.

[2] Seungnam Yang, Hyogon Kim, Less is more. the need to simplify the ETSI Distributed Congestion Control (DCC)
algorithm, Electronics Letters, Feb. 2014.
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O | 1I 11T % —_—
Warning Warning “on” state | Automatic Braking
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Following ) | ) _ _ Leading
vehicle Warning Distance Dy, Automatic Braking D,g vehicle

— QFE} (false positive) 8l O|E} (false negative) =X
« Ann ArborQ| SafetyPilot H|IAE SOAE ENEl 2X| [2]

Warning with zero FP and Automatic Braking with zero
zero FN FP and zero FN

[1] Hartenstein, "Why is Vehicular Still Challenging?” IEEE WiVeC, 2013.
[2] Automotive News, “Self-driving cars get a reality check,” Oct. 21, 2013.
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- 2 Ol 27|17 &L throughput &4 [1]
- A2 HAOAMELL 75% S7t
- 2 mjzlez Qlot AHZ|X| ZAE 5% W2 00w
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[1] Shivaldova, Winkelbauer, Mecklenbrauker, “Vehicular Link Performance” IEEE Vehicular Technology Magazine, Dec.
2013.
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- WLAN 7|7|S2E2E{o| 7tM &2
— FCC NPRM 13-22 (Docket 13-49)
- US FCC = i DSRCO|| BHEHEl 5.9GHz ITS CHIS H|BS| 7|& 0l WiFiot 288 # g

2 di3gl
= 2185
« ArSAF QHHO| HHE 4ot 2H7FE = UAS

— ©iX|f 80211 & = Y3 AoM LT BHZ Yts (1]

N3 | S
U-NIT | ui2a | New band U-NII-2C (100 MH2) | 2 New band
(100 MHz)| (100 MH2)| (30 Mtiz) (255 MHz) Part 15.247 | (75 MHz)
rules
(125 MH2)

5.150 GHz5.250 GHz 5350 GHz 5.470 GHz 5.725GHz  5.850 GHz 5,925 GHz
20MHz [149 [153 [157 [161 |165 173 [177 [181
40MHz  [149 157 165 173
80MHz  [149 165
160 MHz  [149

5.745 GHz 5.825 GHz 5.850 GHz 5.925 GHz

[1] Park and Kim, “On the Coexistence of 802.11ac and WAVE in 5.9GHz Band,” IEEE Communications Magazine, June
2014.
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[1] Dressler, Hartenstein, Altintas, Tonguz, ‘Inter-Vehicle Communication: Quo Vadis,” IEEE Communication Magazine,

June 2014.

[2] Caveney and Dunbar, “Cooperative Driving: Beyond V2V as an ADAS sensor” DIVS, 2012.
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. V2VO| 7}& 2 2X|& “Day-1 Benefit’0| QiCt= Z
— "HEL3A &1} (network effect)
— 0= 2F 10~20F 7+ AlX} WAVE OBU O Z&AE A|SHBHOF | EQT &0} Al
— O=E Ol XM= EOE FTot7| flet MeEk €
— Road-side units (RSUs) £ E CHEFo 2 MX|S||0F OBU AX| S & Tl=
« "Roadside sensors and radios would keep the car connected to the network and
share information about construction ahead, traffic jJams, oncoming cars, blind spots,
emergency vehicles or hidden stop signs. Japan already uses a limited system, and

South Korea and European countries have plans to introduce their own in the
coming years.” [1]

+ Y1600 ITS AT IE MET 27 U AL 5SS EREJHAE 5
« V2IQ HIE &X
— Of: #2A[0f2H 13,000 7Hef WAt2

[1] Automotive News, “Self-driving cars get a reality check,” Oct. 21, 2013.
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