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From Drive Assist to Autonomous Driving:

Thoughts on the future relationship between humans and cars

based on an analysis of the fatal Tesla Autopilot accident

Masakazu Kobayashi
Research Fellow, KDDI Research Inc.

Abstract

Autopilot, Tesla Motors' semi-autonomous driving system caused a fatal accident in Florida in
May, 2016. Potentially, this could be a major blow to the reputation of the company as well as to the
future of autonomous driving. Google and major auto-manufacturers all over the world, which have
recently been spending vast sums of money on the development of this revolutionary technology, are
now being forced to reconsider their development plans. Some companies are now considering
shifting their focus from semi-autonomous driving, such as Tesla's, to full autonomous driving such as
the one Google has been developing for many years.

This report examines the Tesla's accident, and, based on this analysis, considers the path to

autonomous driving and the future of the relationship between humans and automobiles.
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1 Tesla Autopilotic & 2 FETHER DK
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HEhEs 2 337 I REEN 2B L E 2 bz b7,

Autopilot THIR 2 2 &3, "V F, ZLTCT 7L T L —F & XD
BFI7AN—DFRZEEL CoHBNEIRTH 5 (k3 %23, & ICIT [EekhT
LR | Tlded, AV FALICR FERATE ko onsd), ZoikiE
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BRET 2, T/ GEERZR E T /i OHEBAFEETILE, Autopilot (Model S)
DHEN 7L —F CIERET 5, I oIC, (FHL TV OB H OFEET L,
Autopilotd Z %8B > THIET 5,

INHLDRDH R T, D7 LB D Autopilotid [1FE 72 ACS (Adaptive
Cruise Control : HEREREKRE) | O —fE RomZxbH 5, 7272, 2L Lok
bHBEIN TV S, AutopilotTld, F 7 A4 N—23)5 457N g8 & HIT CTH3 23 /2 D B
ZHRT UL, 2RI THEIMICHEREE 2, Z Ok, iy —CTHD
DY ITHED 7 V=D g T & 2R L T b, RICHD 7 V= 3728651 id,
ZOINER OB LTHLIREET 5. S AIRERDACSEL oML 2
TenTE S,
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Kk (A v 2 —2 v FRIBT) T EF, chzd— =TTz Lick
Y. AutopilotZ fkFHEAICKR L T Ji#THh 5,

¥ 72, TeslalZ F 7 4 N—ici L [AutopilotZfEH 3 2Bz, T2~ v Faic
BT TEBL Lo 82 HILTWE, 2F 0 [FIA4N—2WFETELRIC
VEADROHELT, BoDmEk 7 VI HIT S Z LR TE ZIIELETIIR ] &
WHEKRTDH 5,

ETOVERDF T A= 3 Teslad$5/R58 Y IZAutopilot Z I L T2 b 1J T
v, FICIEERICAY FA2LFREEL T, HhT [v754 7 — 4] 7% U
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fEFZMA D IEHE L ¢, — 8 CAutopilotZ AT 2 F 74 N—=H w3,
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BDOEI RV 7Py ZTONTIEFHAINTHLORD 72 Teslalic X > TEIES L
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3 CTEMORIGREE
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7—0 GETHIMCEH T %) AT, Model SHZE A TITL B L 7o 7=,

1 http://gendai.ismedia.jp/articles/premium01/46058
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07/ May 2016 04:40 PM 07/ May 2016 04,40 PM FHPB 160FFO12208 85234005
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) g -~
/ ¥~ ~— ~—

ket E e 1 T -
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/| | Roadway and - / & i
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i1y 1

VoratFR — &/ / | V02 Strikes ———__ ¢/ - V02 Rotates
g / Second Fence & s~ toFR
Fs V02 Strikes —/__ Q0 B
NE 140th Court ¥ Power Pole it PR

(Hi#1) Credit: Florida Highway Patrol

KA ML= —BFHER2 R EO T, HRDEKH & i & OIS O R~
— 2 (B 4L %, oo (HEHEIETO) Model Six + L —7 —o GEfTH
M) AEEICEZET 20 X0, BLAZDOBRBICEAL T B ERos7, %
N E T65mph (Fp#E105km) THEFTL TWw7zModel Six, ZDE Witk ->ThrL—7
—TokE%E K CikT, PL—F—o GEfTAM) Al S RICK T H L 72,
Z DFE, Model SOXKFHIE P L —F7 —DJEH &L K BENG > THIZRB SN, 2D
v a v 27 TModel SOMERKIT R E A MICENTZ, Z L TREED 7 = VvV A2 E X
BT, EHICEEL T, ZOFTGICH 528 (Power Pole) T2, ZHICX»T
Model SOEARIF KB L, 2D K74 N—=3FE L 7z,

DL E oD LS 227 X 512, Model SICHE#L X 4172 Autopilot (3 H BhiE#RH
fE) 13, BEFLCHITICIBAEI R o2 L — T — %A, FHEMICT
T 2> 5 T 2AATIT 572, & DEHEBUT D W CRIERE 2 A % 0 T 2 28,
Z OFMARAERRERI T AME I LTy, —/7, TeslafllcidFHik@EZic [+ L
— 7 —DHBOHEKL, ZOERICH ZMIEDZEDH X % Autopilot 23 XAl H K37,
FERIC L =7 —%EHEY & L GERTE b oD TRV LDORGZR
L7zt

1 “Self-Driving Tesla was Involved in Fatal Crash, U.S. says” The New York Times,

(http://www.nytimes.com/2016/07/01/business/self-driving-tesla-fatal-crash-inves
tigation.html)
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L L. ZD%Teslald [ (FFiHIC) AutopilotiX IEFICEIfE L TWw7225, HEN T
L — 3 0MEEE FICER A~ 0o LT W EIR L2, L Lk
=¥ =25 RE, BEI7 L —F 3 Autopilot (HEREILFERE) 0 —BRTH D,
T2 A TS 5 Teslad RT3 2 38 MIE& S 25 UG 70,

4 RNETOFETTARE

Teslalc x4 2 HE 25 DEKE 720 1. BEICEKEI 2 OME > Tz, 72 & 2103
20164E1H, KAV 7 3 =TI D HfjJ5 (Department of Motor Vehicle:DMV) 73
RELI-HABERLD 5,

[FFHE ICEE L <. DMV B B8hEEREA 2 BT h o RE i L, ET7 R o
T2 AR RS2, WRE R D DL, 20165FE1H » Ll o CiEE140 AT A )
7 ANZTHMORETEME N BEERHEOEITT R 7%

T— 2% L7=Dl%, Google, Daimler (Mercedes-Benz), Volkswagen, HJ#
H#JE, Bosch, Delphi, % L CTTesla Motors7z &', b HAAKMIEIAY 7410 =T
INEASACHEITT AP EFEML T 2133722, HEEIZO BT A %2175 £ET
ROBESEMIN T2 DM, o THRBlIOT— 21k, ik Fttof¥ -
TAMRREZ2 ) OBRE LI TRLTWw2 L RTHWnES 5,

N7 —2%2 /5L, $THIEEOETT X b ORRIEREClX. Googles?
JEFEI I 2 51 2B L T b (MFR2.E), B A AR 7 B B)EEL O BT % 46 o
72 DX Google AN 725 & Rtk b v FIChLE T B & & HIR72, 23, & ZHUE,
HASL FAYZiZCoitRho X —7—3 BEEKICS AL, Zh%izTE¥—A LT
X, TNEEZHED L, RIEICES T T, TNETOHERDLDIFCPER
Th b,

! “Tesla Faults Brakes, but Not Autopilots, in Fatal Crash,” The New York Times
(http://www.nytimes.com/2016/07/30/business/tesla-faults-teslas-brakes-but-not-
autopilot-in-fatal-crash.html)

2 " These charts show who’s lapping whom in the race to perfect the driverless
car”, The Washington Post
(https://www.washingtonpost.com/news/the-switch/wp/2016/01/15/how-googles-
driverless-car-stacks-up-against-the-competition/)
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The race to replace you

Google has racked up the most mileage testing its driverless cars on California public
roads.

0 100,000 200,000 300,000 400,000

Tesla | O
Bosch ‘ 935
Nissan ' 14854
Mercedes-Benz ‘ 1,739.08
Volkswagen l 14945
Delphi | 16,662

Google l 424 331

Tesla reported no driver interventions, which may indicate that it is not testing on public roads.

Source: California Dept. of Motor Vehicles THE WASHINGTON POST

Rates of intervention

Here's the number of times per mile that the company's test drivers had to take
over the cars while they were driving in autonomous mode.

0 0.2 0.4 0.6

Tesla | O
Bosch - 0.67
Nissan 0.07
Mercedes-Benz | 0.6
Volkswagen | 0.02
Delphi 0.02

Google | 0.0008

Source: California Dept. of Motor Vehicles THE WASHINGTON POST

(HH82) " These charts show who's lapping whom in the race to perfect the
driverless car", The Washington Post
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W] ERTWw3

Teslald £ 7z, AutopilotZ [H FTD F I A4 N—EEEED —FE | & ALERHT T
W23 725, AutopilotZ % Fo HEREIERE L L T2 —F —ICFEVIAATE Y, KE
DIHEENR L £ b Tesla~DIEEED mE > T 5,

O LzMimoEE v 2% 0F, KA T (Autopilotd X 5 7)) - HEhERICES
T2 520 ER LI Ao TWwE2, ZOEAEKKTFERREINT
Wi\, F7z, SHICHEN b KE RS EBEid, Teslao CEO (@R EHTE) T
» % Elon Musk[K%ECIic, Autopilotffiff ® L Eic o\ TRt % ko 2 Efilj % %5+
L7z,

5 BERMLA |ICKSRTHIRR

Z O Autopilotd X 5 7 [BREN 72 HENEEL (CF: HEHEER) | 5 % W iZGooglensf
FriEn 3 [ HEHEEE | OWwIhTd, [HERNZRICHNT ] orHa % 4
LT3 twirics T, Zho B FEIZEARICRHE L & RTlwn,

ez~ (AEHEIEE) OF Y Icw 2 BEHK (tho 2 v~, H175%. 2
WIS D DEEY) R L) DIEGIERRET 2 -0 IbNn s EfiE [Ar~=y -
7 4 V& — (Kalman Filter) | &M iENn 3,

SIn=y « 74N —13 (ERNLEREZ2RS ET—RICHONS) IEHROTE
iz R — 21, 2N LERXA2Z 2 FHELEZVRNAKZ LT3, LaL,
HEMHROBERITIZOIERSMH L2 OMIMIcTNG 2 L BREMICA SN TN S

25 LR LE, B E#S ﬁ@ﬁ@ﬁm(7—»)@% FCEHE S, o 0
PR O IEB DRI CIE 7 — A E D DEE IZITE m IR w2y, HEHRTIEZD
WY DIERLBE e L) H+0KE N, uh%77 yh T wd, OF Y IEH
i g WV EawC &2, HEMHRCR (ZRIFEHEEICTERVY) b5
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TTHIRRICHB 2 LT B30T, 29 LEBRENOEEICIIXNIETE v, 5
FMELZ, TRATDOF—r 40y b BZDORICITE o708, —REVICHED HEhE
IR LA~y » 742 —%FEH L COBELUE, 25 LT T VIic i
bbb (bHrREOHET) hfii\,

6 HIHDORICARZHERALH?

CoMEIC L, HEREREZHFET 2 A=A —liZ & e nidvwneor ?
—0%, Teslad 2 VIFHRZEOHEELA —h—D X Hic, THEEKIIH S T
EE SRR LLEM T, DEIRoFEEIIH S T T 74— (A fl
Chd] LTrolWi-oTiRitTsLTh D,

ot (Pl b YT HERER L EEE 7 ERRER 2B T o A FH
AEEL 20, L2d F 74— 3 HEREERRIC & v F IS T2 20, [ Ik
W (ChBEdD [7 7y P 7F—] IKEGdT5) BRAELEL 2 IciZHENE
2 OHIEHEZ VB LT, F 74 85— (A 2274 <%zilnl 2 i o7
Wy,

T L7RZ AN, HMROMT [Manin the Loop (flfloBRD I, A%
BLTEL) ] EMIENG, 7272, SNERAE - —DEr o /% &, IEHE,
ARIE E W HIREZ T L, 2F D[ F A4 N=DBHFIC Y FICEEL T2 2T,
JAF~OEH AR LT, LD EFERICITTCITHIGTE 2 & ) nERAZEZ
TErPREEORVELEZL,. 202 b~ KO0 HEREIR D52 L L A,
25 Lo L WIERERE (77 v FF—) ez 2, (KkEThniE AR X
ZEEEL D b REE I ND) HENEELA N 74 N—icfb - TlEYICHIG LT
%, TN ZHEELARKDOHI T Rd272DH?

F R A~y -7 40 R —D XS RERMAITIE 7 7 v F T — (FF

Y77y b T—vd [EBimERE L OHP N, MO TERLXL | 28 THET
PEDEZZ2HRATRE 2HENAERERRT 270101, — IS GEIHRD) ERS
WA EDN D ENZ W,

[ (ERAMehiR) CB/E (77 v bT— i) X L] A LIFLITHELE
5 DIFERNLEMHBHTH D, TR TFAIZERD MR BRI LEIC L THES
NTWEH, BIROBYIREHFIE T 7 v b T — VBRI > TV, MEDXL A
FEANICHE T 2 HANLERMEIRORE &4 > T\,
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HEHE) IS TE RV EMFALTE 2, Wi AR 77y b F—richt

JETZESL ] EWIHRIERDZDITTD R\, 72 c‘: x_éiTesla Model SHEE L 72 X1

DX S HREE (D F b EEE 2 K HGEIE I B O L — 7 =2 ALE L T
C%6®$ﬁmkof%f\E@%Kﬁ%%#%kwot$%)L\Aﬁ®b74

NR—BEYNCHIETE 2 E I IEE LV, 2F D, 72¢ 2Model SO F 7 4 S—2
(Teslad iE ® 7= HMANHE > T) AutopilotfiEFHFRIC [~y FaiciiE T2 0007,

I ~DERE B O R o7z] & LTd, SR XS AIEFEERICEWLTIL
(Autopilot[dk), Figziez LTz alBEtkiz +0d 3,

M. FHRFOR Y LEiR i HENEE (B, AD e, JEEFRE (77 v b
7o) KT e WEZEIRIZ A (F 7 A48—) iIofEd 2 X5 Tlid, HEEIRDF
FERDPEFELLKDNZ IRV, GLAGEHRTHL LEDIT 2GR\,

—Ji. TNENIR T 7 a —F 13, GoogleBFAF %t T & 7= [ 584 H BhEEx |
TH b, [FH2320154F 1 4% ELKT/LWA/i@miaﬁﬁﬁi(ﬁﬁ&>
T, AV FABT 72/ TL—F - AR E W, BRE (2—F—) |
7 =< DilfHIMEE SERICEDNZ, T LEAX A MFEME DM T [Man out of
the Loop (filfflosiodic, AMEMAATR V)] LIFERTV2

SrbiRVIRS EEANGHIREZT 50D Lt 23, Google2320104EEE, AH
I HERERLE A OFIFICE T L 724013, D LABIEDTesla (0, fho HEHHE 2
—#—) ®X51Z, [Man in the Loop] ®7 7B —F i L Tz, & T A5,
Z D%, GoogleNERRICZ 5 L7z () HENEEHEIC N7 45— (A 2l
o, EHIEFEICNY F T2 T A A A TH S, Z OO TZRY - R LL C
H. FoARN—1ZHY LHOWBRENDITRAICH 728 v 9,

2% ) (FPoED LN [AEHEIERTH Y TR T2 0T TREPE~DE
BEEOLRWV] Lol =B EE L), B CAY R T AT — L THAT
D, BCRERVZT R volr —AR%TL 72,
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