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How safe is safe enough? When the comparison is between a car driven by a com-
puter versus a person, the practical answer depends on competing perspectives. 

Purely from a statistical standpoint, Autonomous Vehicle developers have a clear 
target. The United States alone sets a grim annual benchmark. According to the 
1DWLRQDO�+LJKZD\�7UDƱF�6DIHW\�$GPLQLVWUDWLRQ��WKHUH�DUH�PRUH�WKDQ�VL[�PLOOLRQ�FDU�
crashes every year. More than 36,000 Americans die in those crashes, with another 
2.5 million ending up in hospital emergency rooms. 

&RQVLGHUHG�JOREDOO\��WKH�ƮJXUHV�DUH�HYHQ�PRUH�VREHULQJ�

:KDW�LI�D�VZLWFK�WR�IXOO\�$XWRQRPRXV�9HKLFOHV�FXW�WKRVH�ƮJXUHV�LQ�KDOI��FRXOG�$9�
developers declare victory? Perhaps from the standpoint of cold logic, but those 
involved in various AV initiatives would concede that the more telling dynamic is 
FRQVXPHU�FRQƮGHQFH�s�DV�HYLGHQFHG�E\�WKHLU�UHVXOWLQJ�ZLOOLQJQHVV�WR�EX\�D�IXOO\�
Autonomous Vehicle, or even step inside one. Developers grimace at the thought 
of having to defend the idea of tens of thousands of deaths from collisions involv-
ing driverless cars.

A 2018 Rand Corporation report, “Measuring Automated Vehicle Safety,” alludes 
WR�WKH�FRQưLFW�EHWZHHQ�WKH�QHHG�IRU�HPSLULFDO�GDWD�IRU�$9�GHYHORSHUV�VHHNLQJ�WR�
advance the state of the art, and the determination of consumer safety regulatory 
bodies to resist what they generally regard as avoidable risk.

p,Q�WKH�8QLWHG�6WDWHV�s�DQG�HOVHZKHUH��WR�VRPH�GHJUHH�s�WKH�HPHUJHQFH�RI�$9V�KDV�
EHHQ�DVVRFLDWHG�DW�OHDVW�LPSOLFLWO\�ZLWK�WKH�YLHZ�WKDW�VRPH�H[SRVXUH�WR�ULVN�DQG�
uncertainty about this risk must be accepted in the short and medium terms to see 
WKH�ORQJ�WHUP�EHQHƮW�RI�$9V�q�WKH�UHSRUW�QRWHV��p�%XW��FRQVXOWDWLRQV�IRU�WKLV�SURM-
ect showed how that view, held by AV developers and by associated industrial and 
research partners, is not held by the safety advocacy community, which champions 
FOHDUHU�FRPPXQLFDWLRQV�DERXW�ULVN�DQG�PRUH�FRQVHUYDWLYH�HƬRUWV�WR�DW�OHDVW�PLQL-
mize risk and preferably eliminate it.”

HOW SAFE 
IS SAFE ENOUGH? 



THERE’S BEEN A FASCINATION WITH AUTONOMOUS VEHICLE 
TECHNOLGY FOR DECADES...  AS DEPICTED IN THIS AD 

FROM 1950 THAT ENVISIONED THE CAR OF THE FUTURE.



Yet as the report goes on to observe, “Given that clear measurement of safety is 
QRW�OLNHO\�WR�EH�REWDLQHG�ZLWKRXW�H[SRVLQJ�WKH�SXEOLF�WR�$9�ULVN�RQ�SXEOLF�URDGV��
incremental increases in public AV use are likely to increase our knowledge about 
VDIHW\��7KH�LQFUHPHQWDO�DSSURDFK�FDQ�OLPLW�ULVN�ZLWKRXW�VWLưLQJ�WKH�WHFKQRORJ\���<HW��
ZH�UHFRJQL]H�WKDW�WKH�ORQJ�WHUP��ELJ�SLFWXUH�YLHZ�EDVHG�RQ�FRQƮGHQFH�LQ�WKH�PHU-
its of AVs is shaken every time there is a crash.”

7KDWoV�H[DFWO\�ZKDW�KDSSHQHG�WKH�\HDU�WKH�UHSRUW�ZDV�UHOHDVHG�

A single fatal encounter in 2018 involving an Autonomous Vehicle owned by the 
ULGH�VKDULQJ�FRPSDQ\�8EHU��6HH��8EHU��VLGHEDU�SDJH�����IRUFHG�WKH�FRPSDQ\�LQ�
the immediate aftermath to abandon open road tests and ultimately set back the 
company’s AV development program by years. Even the prospect of a few dozen 
DFFLGHQWV�D�\HDU�FDXVHV�WKH�$9�GHYHORSPHQW�FRPPXQLW\�WR�FULQJH�s�UHJDUGOHVV�RI�
ZKHWKHU�RU�QRW�WKDW�ZRXOG�UHSUHVHQW�D�VLJQLƮFDQW�LPSURYHPHQW�LQ�URDG�VDIHW\�

7KH�8EHU�LQFLGHQW�VKRRN�WKH�$XWRQRPRXV�9HKLFOH�GHYHORSPHQW�FRPPXQLW\�E\�H[-
ploding assumptions on algorithm capabilities in real world environments. Many AV 
GHYHORSHUV��IRU�H[DPSOH��HOLPLQDWHG�RU�VHYHUHO\�UHVWULFWHG�WKH�XVH�RI�SXEOLF�URDGV�
IRU�V\VWHP�WHVWLQJ�DQG�LQVWHDG�PRYHG�WR�LQWHUQDO�WHVW�WUDFNV��%XW�PRUH�LPSRUWDQWO\��
WKH\�UHDVVHVVHG�WKH�OHYHO�DQG�FRPSOH[LW\�RI�DOJRULWKP�WUDLQLQJ�UHTXLUHG�WR�VXEVWL-
tute for a human driver. And they began investing heavily in more diverse and de-
tailed sets of training data.

The timing and intent on demonstrating the industry’s ability to focus on safety 
concerns has proved productive. A little over two years after the Uber incident, 
WKH�8QLWHG�6WDWHV�'HSDUWPHQW�RI�7UDQVSRUWDWLRQoV�1DWLRQDO�+LJKZD\�7UDƱF�6DIHW\�
$GPLQLVWUDWLRQ��1+76$��KDV�LVVXHG�D�QRWLFH�RI�SURSRVHG�UXOHPDNLQJ�DGGUHVVLQJ�
VDIHW\�SROLF\�IRU�$XWRQRPRXV�9HKLFOHV��DV�ZHOO�DV�D�SLORW�ZHE�EDVHG�SURMHFW�WR�FR-
ordinate public visibility into Autonomous Vehicle testing. 

The NHTSA web portal, announced in June 2020, includes data from nine AV sys-
WHP�GHYHORSHUV�DQG�FDU�PDQXIDFWXUHUV�s�%HHS��&UXLVH��)LDW�&KU\VOHU�$XWRPRELOHV��
/RFDO�0RWRUV��1DY\D��1XUR��7R\RWD��8EHU��DQG�:D\PR�s�WUDFNLQJ�WHVWLQJ�DFWLYLW\�
in eight states. The web portal includes mapping tools showing testing locations 
DW�WKH�ORFDO��VWDWH��DQG�QDWLRQDO�OHYHOV��DV�ZHOO�DV�WHVWLQJ�GDWHV��IUHTXHQF\��YHKLFOH�
counts, and routes.

7KH�LQLWLDWLYH�DOVR�UHưHFWV�D�WDFLW�DJUHHPHQW�EHWZHHQ�WKH�LQGXVWU\�DQG�JRYHUQPHQW�
regulators that Autonomous Vehicle development can’t be solely limited to closed 
testing tracks. There is no substitute for real world testing, as a 2018 Automobile 
Association of America study found. 

$$$�WHVWHG�WKH�GULYHU�DVVLVW�V\VWHPV�LQ�FDUV�IURP�ƮYH�PDQXIDFWXUHUV��)RUG��%0:��
.LD��6XEDUX��DQG�&DGLOODF���DQG�ZKLOH�WKH�$GYDQFHG�'ULYHU�$VVLVW�V\VWHPV�JHQHUDOO\�
pSHUIRUPHG�DFFRUGLQJ�WR�H[SHFWDWLRQV�GHULYHG�IURP�WKH�RZQHUoV�PDQXDOV�GXULQJ�
closed course evaluations,”  tests on public roadways, including highways 101 and 
,���LQ�&DOLIRUQLD��UHVXOWHG�LQ�RQH�$'$�pHYHQWq�URXJKO\�HYHU\�HLJKW�PLOHV��$$$�GHƮQHG



an event as a lane departure, erratic lane positioning, or a failure to slow or stop to 
DYRLG�D�QHDU�FROOLVLRQ��2YHUDOO��$$$�JDYH�WKH�V\VWHPV�UHDVRQDEO\�SRVLWLYH�s�EXW�QRW�
TXLWH�SDVVLQJ�s�JUDGHV�

p1RWKLQJ�FRQWDLQHG�LQ�WKLV�UHSRUW�LV�LQWHQGHG�WR�GLUHFWO\�LPSO\��WKDW��HYDOXDWHG�$'$�
systems are inherently unsafe,” the report states. “In totality, this work is intended 
WR�LOOXVWUDWH�SRWHQWLDO�V\VWHP�LQDGHTXDFLHV�LQ�WKH�FRQWH[W�RI�VFHQDULRV�UHDOLVWLFDOO\�
HQFRXQWHUHG�LQ�D�QDWXUDOLVWLF�HQYLURQPHQW��$GGLWLRQDOO\��DOO�WHVW�GULYHUV�H[SUHVVHG�
VRPH�GHJUHH�RI�GLVWUXVW�LQ�HDFK�HYDOXDWHG�V\VWHP�DQG�TXHVWLRQHG�WKH�RYHUDOO�
usefulness of integrating adaptive cruise control and lane-keeping functionalities.” 
7UDQVODWLRQ��$OO�RI�WKH�V\VWHPV�QHHGHG�PRUH�WUDLQLQJ�GDWD�WR�ƮOO�LQ�JDSV�LQ�WKH�DOJR-
rithmic knowledge. And to a great degree, system developers went back to work.

The increased attention to Autonomous Vehicle safety issues over the past 2-3 
\HDUV�DOVR�UHưHFWV�WKH�HYROXWLRQ�LQ�FDU�DQG�V\VWHP�GHYHORSPHQW�s�DQG�D�ELW�RI�LURQ\�
LQ�SXEOLF�SHUFHSWLRQ��&DU�PDQXIDFWXUHUV�ZHUH�TXLFN�WR��ULJKWO\��IRU�WKH�PRVW�SDUW��
position early industry successes in AV Level 1 and Level 2 so-called “Driver As-
sistance” systems as victories for enhanced driver safety. Systems designed to 
keeping a moving car within its lane, and to detect and prevent imminent crashes 
WKURXJK�HPHUJHQF\�EUDNLQJ�V\VWHPV�ZHUH�GHVLJQHG�VSHFLƮFDOO\�WR�LPSURYH�VDIHW\�

%XW�SXEOLF�SHUFHSWLRQ�VKLIWHG�DV�FDU�PDQXIDFWXUHUV�PRYHG�RQ�WR�/HYHO���DQG�/HYHO�
4 system development, where the aim shifts from assisting a driver to fully auto-
mated operations, with the driver there to take over only in an emergency. With a 
computer now driving the car, many consumers do not accept any margin for error 
s�FHUWDLQO\�QRW�DW�KLJKZD\�VSHHGV�

$V�GHYHORSHUV�KDYH�FRQFHGHG�LQ�FRQYHUVDWLRQV�RQ�WKH�VXEMHFW��FRQVXPHUV�DUH�QRW�
DERXW�WR�GHPDQG�WKDW�PDQXIDFWXUHUV�SXOO�D�FDU�PRGHO�RƬ�WKH�URDG�LI�D�GULYHU�DVVLVW�
V\VWHP�IDLOV�WR�FRUUHFW�IRU�KXPDQ�GULYHU�HUURU��%XW�LI�DQ�DFFLGHQW�RFFXUV�ZLWK�D�FRP-
puter at the wheel, such as an Autonomous Vehicle failing to recognize a “Do Not 
(QWHUq�ZDUQLQJ�VLJQ"�,W�ZLOO�EH�WKH�PDFKLQH�RQ�WULDO��ZLWK�D�VZLIW��SXQLWLYH�MXGJHPHQW��



In theory, a Level 5 fully Autonomous Vehicle ought to be safer than one driven by 
a person. An AV sensor array of radar, LiDAR and cameras won’t be distracted by a 
URDGVLGH�ELOOERDUG��RU�ULQJLQJ�FHOOSKRQH��$9�V\VWHPV�GRQoW�VXƬHU�IURP�GULYHU�IDWLJXH��
RU�XQFHUWDLQ�UHưH[HV��

%XW�D�KXPDQ�GULYHU�EULQJV�D�ULFK�VHW�RI�H[SHULHQFH�DQG�GLUHFW�NQRZOHGJH�DERXW�WKH�
surrounding environment. And as the many new AV safety standards suggest, AV 
system developers still face a huge challenge contemplating all of the scenarios an 
$XWRQRPRXV�9HKLFOH�PXVW�EH�SUHSDUHG�IRU�s�DQG�DQRWKHU�KXUGOH�GHYHORSLQJ��SUR-
FHVVLQJ�DQG�DQDO\]LQJ�DOO�RI�WKH�WUDLQLQJ�GDWD�UHTXLUHG�WR�FRQYHUW�WKRVH�VFHQDULRV�
into computing knowledge.

The irony is no one needs to teach even a new driver that wet leaves represent a 
SRWHQWLDO�KD]DUG�s�EXW�ZKHUH�VRPH�GULYHUV�PLJKW�LJQRUH�WKH�ULVN�D�SURSHUO\�WUDLQHG�
AV algorithm never will.

AV developers could, of course, limit risks by reducing the performance parameters 
for Autonomous Vehicles. Instead of programming a Level 5 Autonomous Vehicle 
IRU�SRVWHG�KLJKZD\�VSHHG�OLPLWV��GHYHORSHUV�FRXOG�FUHDWH�D�pFDXWLRXV�GULYHUq�SURƮOH�
WKDW�OLPLWV�KLJKZD\�SHUIRUPDQFH�WR����03+��%XW�WKH�HQWLUH�LQGXVWU\�UHDOL]HV�WKDW�
EOXQWLQJ�XWLOLW\�DV�DQ�DUWLƮFLDO�PHDQV�RI�PDQDJLQJ�ULVN�LV�D�GRXEOH�HGJHG�VZRUG�RI�
VRUWV��KDYLQJ�$XWRQRPRXV�9HKLFOHV�FUHDWH�ƮYH�PLOH�KLJKZD\�WUDƱF�MDPV�RXW�RI�
H[WUHPH�FDXWLRQ�LV�LQ�WKH�HQG�D�VHOI�GHIHDWLQJ�SURSRVLWLRQ�

�7KH�JRRG�QHZV�LV�WKHUH�DUH�DOJRULWKPLF�PHWKRGV�RI�PDQDJLQJ�ULVN�ZKLOH�VWLOO�PD[L-
mizing vehicle performance. There are already mathematic formulas in place to set 
D�VDIH�GLVWDQFH�EHWZHHQ�YHKLFOHV��IRU�H[DPSOH��RQH�ZKHUH�VSHFLƮF�YHKLFOH�EUDNLQJ�
SHUIRUPDQFH��D�3RUVFKH�ZLOO�DOZD\V�RXW�EUDNH�DQ�HFRQRP\�VHGDQ��FDQ�EH�SOXJJHG�
in to account for mechanical as well as computational capabilities.

6RXUFH��,QWHO�0RELOH\H

The above formula calculates the safe longitudinal distance 
between the rear vehicle and the front vehicle.



EVOLVING PRIORITIES FOR AUTONOMOUS VEHICLE ANNOTATION 
As Autonomous Vehicle system development has advanced from one level to the 
QH[W��IURP�SDUWLDO�WR�KLJKHU�GHJUHHV�RI�DXWRPDWLRQ��LW�ZDV�LQHYLWDEOH�WKDW�WKH�XQGHU-
O\LQJ�IRFXV�RQ�WKH�SDUW�RI�GHYHORSHUV�ZRXOG�H[SDQG�IURP�LPSURYLQJ�WKH�UHOLDELOLW\�RI�
EDVLF�IXQFWLRQDO�FDSDELOLWLHV�WR�RSHUDWLQJ�VDIHO\�ZLWKLQ�FRPSOH[�RQ�URDG�VFHQDULRV��
7KDW�KDV�EHHQ�UHưHFWHG�LQ�VXEWOH�EXW�FOHDU�FKDQJHV�LQ�GDWD�DQDO\VLV�DQG�DQQRWDWLRQ�
priorities. 

:KHUH�WKH�HDUO\�GHYHORSPHQW�IRFXV�KDG�EHHQ�DOPRVW�VROHO\�RQ�H[SDQGLQJ�DQG�
GHHSHQLQJ�DOJRULWKPLF�FDSDELOLWLHV�WR�DFFXUDWHO\�LQFRUSRUDWH�pJURXQG�WUXWKq�GDWD�s�
WKH�DELOLW\�RI�DQ�$XWRQRPRXV�9HKLFOH�WR�UHFRJQL]H�DQG�GLƬHUHQWLDWH�EHWZHHQ�VWDWLF�
LQDQLPDWH�REMHFWV�RQ�RQH�KDQG��VXFK�DV�PDLO�ER[HV��VWUHHW�OLJKWV�DQG�WKH�OLNH��DQG�
G\QDPLF�REMHFWV��HYHU\WKLQJ�IURP�RWKHU�FDUV�WR�KXPDQ�EHLQJV��DQG�DQLPDOV��s�WKHUH�
LV�DW�OHDVW�DV�PXFK�RI�D�SULRULW\�QRZ�RQ�PRUH�FRPSOH[�UHDO�ZRUOG�VFHQDULRV�

0RVW�DUH�WULJJHUHG�E\�WKH�IDLOVDIH�RSWLRQ�LQ�$9�WHVWLQJ��WDNHRYHU�HYHQWV��ZKHUH�WKH�
AV algorithm is unable to cope with an event or series of events and hands over 
RSHUDWLRQ�EDFN�WR�D�KXPDQ�WHVW�GULYHU��%HIRUH�$XWRQRPRXV�9HKLFOH�GHYHORSHUV�
can deliver Level 5 fully Autonomous Vehicle operations, they have to address and 
VROYH�WKRVH�pEUDLQq�IUHH]H�PRPHQWV��6HH��8EHU��SDJH�����ZKHQ�WKH�DOJRULWKP�EH-
comes so confused or indecisive that it is unable to safely maneuver the vehicle.

0RVW�HYROYHG�$9�DOJRULWKPV�DUH�DEOH�WR�UHFRJQL]H��IRU�H[DPSOH��D�ELF\FOH�DQG�D�
KXPDQ�RQ�RU�DORQJVLGH�WKH�URDG��%XW�WKH�VKDSH�DQG�QDWXUH�RI�HDFK�RI�WKRVH�REMHFWV�
are fundamentally altered when they merge into a human riding a bicycle. Until the 
DOJRULWKP�KDV�SURFHVVHG�VXƱFLHQW�DQQRWDWHG�YLVXDO�GDWD�WR�UHFRJQL]H�WKRVH�RE-
MHFWV�ERWK�LQGLYLGXDOO\�DQG�WRJHWKHU��DQG�WKH�ODWWHU�FRXOG�LQFOXGH�D�SHUVRQ�ZDONLQJ�
D�ELNH�LQVWHDG�RI�ULGLQJ�LW���LW�ZLOO�ODFN�WKH�LQWHOOLJHQFH�WR�pVHH�q�SURFHVV��DQG�UHDFW�WR�
those common situations.

+HLJKWHQHG�LQWHOOLJHQFH�FRPHV�ERWK�IURP�WKH�TXDQWLW\�DQG�TXDOLW\�RI�WKH�WUDLQLQJ�
data fed through an AV algorithm. In practical terms, developers have begun to 
UHO\�RQ�IDU�PRUH�GHWDLOHG�REMHFW�WD[RQRPLHV�LQ�RUGHU�WR�EHJLQ�WR�PLPLF�WKH�KXPDQ�
XQGHUVWDQGLQJ�DQ�H[SHULHQFH��:KHUH�LQ�WKH�SDVW�VRPH�$9�V\VWHP�GHYHORSHUV�
PLJKW�KDYH�EHHQ�VDWLVƮHG�ZLWK�D�FDWFKDOO�GHVLJQDWLRQ�RI�pYHJHWDWLRQq�WR�FDWHJRUL]H�
DQ\WKLQJ�WKDW�JURZV��WKHUHoV�D�JUHDWHU�SULRULW\�RQ�VHJPHQWDWLRQ�s�WR�WUHHV��EXVKHV��
JUDVV��ưRZHUV��IRU�H[DPSOH�s�ZKHUH�HDFK�REMHFW�SUHVHQWV�GLƬHUHQW�FKDUDFWHULVWLFV�
�DQG�GLƬHUHQW�SRWHQWLDO�WKUHDWV���

%DVLF�JURXQG�WUXWK�GDWD�DQQRWDWLRQ�LV�D�IDLUO\�VWUDLJKWIRUZDUG�DƬDLU�s�WKH�DSSOLFDWLRQ�
RI�ERXQGLQJ�ER[HV��SRO\JRQ�DQDO\VLV��DQG�WKH�DSSOLFDWLRQ�RI�VHPDQWLF�VHJPHQWD-
WLRQ�WR�WHDFK�WKH�DOJRULWKP�ZKDW�DQRWKHU�FDU�ORRNV�OLNH��RU�D�PDLOER[��RU�D�WUHH��:KDW�
VHWV�D�JRRG�VNLOOHG�DQG�H[SHULHQFHG�GDWD�DQDO\VW�DSDUW�IURP�D�EHJLQQHU��DQG�VHWV�
D�WRS�WLHU�GDWD�DQQRWDWLRQ�YHQGRU�DSDUW�IURP�PRUH�SHGHVWULDQ�ƮUPV��LV�WKH�DELOLW\�WR�
perform the type of problem-solving data analysis that addresses all imaginable 
Autonomous Vehicle safety issues.



7\SLFDOO\��WKH�GDWD�DQDO\VW�ZLOO�H[DPLQH�HDFK�WDNHRYHU�HYHQW�IURP�WKH�SHUVSHF-
tive of two scenarios, one of which is what actually happened after the test driver 
took over control of the vehicle. The second involves a so-called “ghost car,” the 
computer simulation vehicle as it would have continued under the control of the 
DOJRULWKP��,WoV�WKH�MRE�RI�WKH�GDWD�DQDO\VW�ZRUNLQJ�ZLWK�WKH�DOJRULWKP�GHYHORSHUV�WR�
GHWHUPLQH�����ZK\�WKH�KXPDQ�GULYHU�KDG�WR�WDNH�RYHU��DQG�����ZKDW�ZRXOG�KDYH�KDS-
pened had the onboard computer remained in control of the vehicle. Would there 
KDYH�EHHQ�DQ�DFFLGHQW�s�DQG��LI�VR��KRZ�VHYHUH�ZRXOG�LW�KDYH�EHHQ"

)URP�WKH�VWDQGSRLQW�RI�GLYLVLRQ�RI�ODERU��DQ�L0HULW�GDWD�DQDO\VLV�WHDP�ZRXOG��IRU�H[-
DPSOH��ZRUN�WR�LGHQWLI\�WKH�REMHFW��RU�FRPELQDWLRQ�RI�REMHFWV��WKDW�FDXVHG�WKH�FDU�WR�
KDQG�RƬ�RSHUDWLRQV�WR�WKH�GULYHU��'HYHORSHUV�WKHQ�WDNH�WKH�LQIRUPDWLRQ�DQG�XVH�LW�WR�
IXUWKHU�UHƮQH�WKH�DOJRULWKP��W\SLFDOO\�E\�VHQGLQJ�PRUH�WUDLQLQJ�GDWD�IRU�DQQRWDWLRQ�

6RPHWLPHV�WKH�HYHQW�SRVW�PRUWHP�LQYHVWLJDWLRQ�LGHQWLƮHV�DQ�RYHUUHDFWLRQ�UDWKHU�
WKDQ�D�QHDU�FROOLVLRQ��,I�WKH�DOJRULWKP�LV�QRW�IDPLOLDU�ZLWK�OHDYHV��IRU�H[DPSOH���SHU-
KDSV�DOO�RI�WKH�WUDLQLQJ�GDWD�ZDV�JDWKHUHG�LQ�WKH�VXPPHU��LW�PLJKW�pSDQLFq�ZKHQ�WKH�
vehicle’s sensors pick up leaves on the road. The algorithm might not understand if 
the leaves represent a dangerous obstacle or a benign presence. Are there enough 
RI�WKHP�s�DQG�DUH�WKH\�ZHW�HQRXJK�s�WR�SUHVHQW�D�KD]DUG�WR�WKH�YHKLFOH��2U�DUH�WKH\�
outdoor decoration the algorithm can note and then ignore?

7KH�FRPSOH[LW\�RI�WKH�GHYHORSPHQW�WDVN�UDWFKHWV�XS�IXUWKHU�ZKHQ�WKH�DOJRULWKP�LV�
WDVNHG�ZLWK�SUHGLFWLQJ�WKH�PRYHPHQW�RI�RWKHU�REMHFWV��ZKHWKHU�OLYLQJ�RU�LQDQLPDWH��
)LUVW�WKH�DOJRULWKP�PXVW�LQJHVW�WKH�GDWD�FDSWXUHG�E\�WKH�$XWRQRPRXV�9HKLFOHoV�DU-
ray of sensors and compare that information with what it has learned from training 
GDWD�GHƮQLQJ�GLƬHUHQW�REMHFWV�DQG�WKHLU�EHKDYLRU�SDWWHUQV��LI�DQ\���,W�WKHQ�QHHGV�WR�
UHFDOO�EHKDYLRU�SDWWHUQV�EDVHG�RQ�WKH�QDWXUH�RI�HDFK�REMHFW�DQG�WKHQ�SUHGLFW�KRZ�LW�
PLJKW�PRYH�s�DQG��FUXFLDOO\��KRZ�WKRVH�PRYHPHQWV�PLJKW�LQWHUVHFW�ZLWK�WKH�YHKLFOH�

/HYHO���$XWRQRPRXV�9HKLFOHV�PXVW�GHWHFW��DQDO\]H��DQG�UHDFW�WR�XQSUHGLFWDEOH�HQYLURQPHQWV��6RXUFH��$$$



THE NEED FOR AUTONOMOUS VEHICLE STANDARDS 
Prior to 2020, Autonomous Vehicle development, focused on improving the safety 
of AVs, took place in a regulatory and standards vacuum, with most AV developers 
WDNLQJ�DQ�LQGHSHQGHQW�DSSURDFK�WR�VDIHW\�PHWULFV�DQG�V\VWHP�UHTXLUHPHQWV��7KDWoV�
not really surprising, given the cutthroat, winner-takes-all nature of technology de-
YHORSPHQW��%XW�WKH�XVXDO�VXVSHFWV�RI�FRPSOH[�V\VWHPV�LVVXHV��IURP�WKH�DFNQRZO-
HGJHG�QHHG�WR�HQVXUH�LQWHURSHUDELOLW\�EHWZHHQ�GLƬHUHQW�V\VWHPV�DQG�VXEV\VWHPV��
and the inevitability of multiple AV system vendors that are supplying the leading 
car manufacturers, has pushed the industry towards a greater degree of coordi-
nation and collaboration than automobile manufacturers had previously wanted to 
embrace. 

%\�WKH�WLPH�WKH�ƮUVW�/HYHO���IXOO\�$XWRQRPRXV�9HKLFOHV�JR�RQ�VDOH��DQG�IHZ�ZLOO�KD]-
DUG�D�JXHVV�RQ�WKDW�GDWH��WKHUH�FRXOG�EH�DV�PDQ\�DV�D�GR]HQ�GLƬHUHQW�LQGXVWU\�DQG�
JRYHUQPHQWDO�VDIHW\�VWDQGDUGV�DQG�FHUWLƮFDWLRQ�SURJUDPV��$PRQJ�WKH�VWDQGDUGV�
getting the most attention are the International Organization for Standardization’s 
�,62��������DQG�������DV�ZHOO�DV�8QGHUZULWHU�/DERUDWRULHVo��8/��������VHH�8/�VLGH-
EDU��SDJHV���������

7KH�ưXUU\�RI�DFWLYLW\�DURXQG�$9�VDIHW\�DQG�VWDQGDUGV�GHYHORSPHQW�ZDV�DV�LQHYLWD-
ble as it was necessary. Government regulators, standards setting bodies and the 
automotive industry, itself, all understand that the transition from human drivers to 
driverless cars will necessitate a reassessment of safety issues, ranging from how 
manufacturers and system developers architect their solutions to all of the opera-
WLRQDO�VFHQDULRV�WKDW�ZRXOG�KDYH�WR�EH�MXGJHG�WKURXJK��D�FRPSOHWHO\�QHZ�FRQWH[WXDO�
lens.

,62��������DQ�RƬVKRRW�RI�DQ�HDUOLHU�,62�VWDQGDUG�IRU�DXWRPRWLYH�V\VWHPV���ZDV�GH-
veloped to address the functional safety of automotive electrical systems, includ-
ing the onboard computers, sensors and other systems in Autonomous Vehicles. 
As a byproduct of that focus, the standard will likely be used to guide the identi-
ƮFDWLRQ�DQG�VHOHFWLRQ�RI�DOJRULWKP�WUDLQLQJ�GDWD��7KDW�LV�FHUWDLQO\�WKH�H[SHFWDWLRQ�
IRU�,62��������EHWWHU�NQRZQ�DV�627,)��6DIHW\�RI�WKH�,QWHQGHG�)XQFWLRQDOLW\���ZKLFK�
VSHFLƮFDOO\�DGGUHVVHV�$XWRQRPRXV�9HKLFOH�GHYHORSPHQW��7KH�VWDQGDUG�LQ�SDUW�
contemplates the need for scenario-based algorithm training data to account for all 
RI�WKH�VLJQLƮFDQW�IXQFWLRQDO�VLWXDWLRQV�DQ�$XWRQRPRXV�9HKLFOH�RQERDUG�FRPSXWHU�
might encounter.

8QOLNH�VRPH�RI�WKH�RWKHU�VWDQGDUGV�WKDW�DSSO\�WR�DXWRPRWLYH�VDIHW\��627,)�GRHV�
not address system failures. Instead, it was written to encompass so-called “safety 
YLRODWLRQVq�WKDW�RFFXU�ZLWKRXW�D�V\VWHP�IDLOXUH�s�VXFK�DV�ZKHQ�WKH�GHYHORSPHQW�RI�
an AV algorithm fails to contemplate all of the operational scenarios an Auton-
omous Vehicle might encounter in a real-world environment. As such, the standard 
LV�H[SHFWHG�WR�EH�D�JXLGH�RI�VRUWV�s�DQG�DQ�HVVHQWLDO�FRPSDQLRQ�WR�8/������s�LQ�
formulating all of the algorithm training scenarios developers will need to address 
through appropriate training data.



Source: Edge Case Research



THE UBER CRASH: IGNORANCE CAN BE DEADLY
$W������RQ�WKH�HYHQLQJ�RI�0DUFK��������������\HDU�ROG�(ODLQH�+HUW]EHUJ�ZDV�ZDONLQJ�
her bicycle across a four-lane road in Tempe, AZ, as an autonomous test vehicle 
RSHUDWHG�E\�WKH�ULGH�VKDUH�FRPSDQ\�8EHU�DSSURDFKHG���7KH�HYHQWV�RI�WKH�QH[W�IHZ�
VHFRQGV�ZRXOG�UHVXOW�LQ�KXPDQ�WUDJHG\��DQG�D�UH�H[DPLQDWLRQ�RI�ZKDW�LW�WDNHV�WR�SXW�
a fully Autonomous Vehicle on the road.

It took 19 months for authorities to piece together a clear picture of the accident 
and its causes. In the end, it became clear that what killed a pedestrian that night, 
and set back Uber’s ambitious AV test program, was an all-too common combina-
WLRQ�RI�KXPDQ�DQG�PDFKLQH�IDLOXUH�s�XOWLPDWHO\�URRWHG�LQ�D�JDS�LQ�$9�DOJRULWKP�GH-
YHORSPHQW��,Q�WKDW�HYHQW��WKH�FROOLVLRQ�SURYLGHG�D�SDLQIXO�OHVVRQ�WR�WKH�LQGXVWU\��WKH�
benchmark for AV safety sits well above the accepted norms for human-controlled 
cars. Where public sentiment is concerned, there is no room for failure.

7KH�LQLWLDO�KXPDQ�IDLOXUH�s�QR�IDXOW�RI�WKH�9ROYR������;&���689�RXWƮWWHG�ZLWK�PXO-
WLSOH�VHQVRUV��IRUZDUG�DQG�VLGH�IDFLQJ�FDPHUDV��UDGDU��/L'$5��QDYLJDWLRQ�VHQVRUV��
DQG�DQ�RQERDUG�$9�FRPSXWHU��s�OD\�LQ�WKH�KDQGV�RI�WKH�pIDLOVDIHq�WHVW�GULYHU�SODFHG�
LQ�WKH�GULYHUoV�VHDW��WR�WDNH�RYHU�LQ�WKH�HYHQW�RI�D�VDIHW\�V\VWHP�IDLOXUH���7KH�GULYHU��
according to the accident report, was streaming Hulu up until the moment the car 
collided with Hertzberg. 

Ironically, the Volvo’s radar and LiDAR sensors detected Hertzberg in plenty of 
WLPH�WR�HLWKHU�EUDNH�RU�VZHUYH�s�VL[�VHFRQGV�EHIRUH�LPSDFW��DW�D�VSHHG�RI����03+��
%XW�WKH�WUDLQLQJ�GDWD�IRU�WKH�$9�DOJRULWKP�KDG�QRW�DFFRXQWHG�IRU�WKH�SRVVLELOLW\�RI�
D�SHGHVWULDQ�RXWVLGH�D�FURVVZDON��DQG�WKH�V\VWHP�F\FOHG�WKURXJK�SRWHQWLDO�REMHFW�
LGHQWLƮFDWLRQ�FRQFOXVLRQV��XQNQRZQ�REMHFW��YHKLFOH�DQG��ƮQDOO\��D�ELF\FOH��DV�WKH�
vital seconds ticked down. 

Hertzberg, according to cameras in the Volvo, was wearing dark clothes when she 
FURVVHG�LQ�DQ�XQOLJKWHG�VHFWLRQ�RI�WKH�URDG��DQG�WKHUH�ZHUH�QR�UHưHFWRUV�RQ�KHU�
bicycle. While the Volvo’s radar and LiDAR sensors would still have detected her in 
time to initiate emergency braking, those conditions, coupled with gaps in the AV 
algorithm’s training data, might have contributed to the system’s deadly confusion.

Just 1.3 seconds before impact, the car’s onboard computer attempted to slam the 
EUDNHV�s�EXW�WR�QR�DYDLO��8EHU�KDG�PRGLƮHG�WKH�FDU�WR�GHDFWLYDWH�WKH�IDFWRU\�HPHU-
gency braking system  when the car was being controlled by the aftermarket on-
ERDUG�$XWRQRPRXV�9HKLFOH�FRPSXWHU�s�LURQLFDOO\��pWR�UHGXFH�WKH�SRWHQWLDO�IRU�HUUDWLF�
YHKLFOH�EHKDYLRU�q�)LQDOO\��OHVV�WKDQ�D�VHFRQG�EHIRUH�LPSDFW�WKH�VDIHW\�GULYHU�WRRN�
WKH�VWHHULQJ�ZKHHO��%\�WKH�WLPH�VKH�KLW�WKH�EUDNHV��D�VHFRQG�ODWHU��LW�ZDV�WRR�ODWH��

In the months following the accident, Uber would add training data to account for 
MD\ZDONHUV��WKH�FRPSDQ\�ODWHU�WROG�176%�LQYHVWLJDWRUV��%XW�QHZV�UHSRUWV�IROORZLQJ�
WKH�DFFLGHQW�FLWHG�WKH�FRPSDQ\oV�RZQ�LQWHUQDO�GRFXPHQWV�VXJJHVWLQJ�WKDW�s�ZLWK�
YHKLFOH�WHVW�GULYHU�WDNHRYHU�HYHQWV�RFFXUULQJ�URXJKO\�HYHU\�����PLOHV�s�WKH�$9�RQ-
board computer was not nearly ready for primetime, nor driving on public roads.



PRODUCT SAFETY ICON ADDRESSES AUTONOMOUS VEHICLES
Of all the emerging standards helping to guide Autonomous Vehicle car develop-
ment, the standard that is garnering the most attention is a recent release from 
8QGHUZULWHUV�/DERUDWRULHV��$OWKRXJK�EDVHG�LQ�WKH�8QLWHG�6WDWHV��8/�GHƮQHV�DQG�
FHUWLƮHV�SURGXFW�VDIHW\�IRU�D�JOREDO�DXGLHQFH���,WV�IRUD\�LQWR�$9�GHYHORSPHQW�EULQJV�
a gravitas that promises to command the attention of car manufacturers and other 
AV system developers around the world.

)URP�WKH�LQFHSWLRQ��8/�H[SHFWHG�WKDW�LWV�8/������VWDQGDUG�IRU�6DIHW\�IRU�WKH�(YDO-
XDWLRQ�RI�DXWRQRPRXV�SURGXFWV�ZRXOG�ZRUN�LQ�FRQMXQFWLRQ�ZLWK�RWKHU�$9�IRFXVHG�
VDIHW\�VWDQGDUGV��LQFOXGLQJ�IURP�WKH�)$$��,(((��DQG�,62��%XW�XQOLNH�VRPH�RI�WKRVH�
other, more tech-centric AV-related standards, UL 4600 addresses “safety princi-
SOHVq�IRU�HYDOXDWLQJ�IXOO\�DXWRQRPRXV�SURGXFWV�UDWKHU�WKDQ�VSHFLƮF�WHFKQRORJLHV�
and methods. UL 4600 doesn’t tell a car manufacturer how to build a safe driverless 
vehicle; instead it instructs them on how to make the case for the safety of their 
FDUV��&DUV�DUH�WKH�ƮUVW�LQWHQGHG�XVH�FDVH��EXW�WKH�VWDQGDUG�DSSOLHV�WR�RWKHU�DXWRQR-
PRXV�SURGXFWV��LQFOXGLQJ�HYHU\WKLQJ�IURP�PLQLQJ�HTXLSPHQW�WR�GURQHV�

p7KH�VDIHW\�FDVH�q�QRWHV�WKH�MXVW�UHOHDVHG�VWDQGDUG�GRFXPHQW��pLQFOXGHV�D�VWUXF-
tured set of claims, arguments, and other evidence supporting the proposition that 
DQ�LWHP��D�YHKLFOH�SOXV�DOO�WKH�RWKHU�VXSSRUW�FRQWULEXWLQJ�WR�VDIHW\��LV�DFFHSWDEO\�
VDIH�IRU�GHSOR\PHQW�q�7KH�VWDQGDUG��LW�QRWHV��qGRHV�QRW�GHƮQH�D�SURFHVV��EXW�UDWKHU�
puts forth assessment criteria to determine the acceptability of a safety case.”

Those safety cases are built largely around the many scenarios an Autonomous 
9HKLFOH�ZLOO�KDYH�WR�QDYLJDWH�s�OLWHUDOO\�DV�ZHOO�DV�ƮJXUDWLYHO\��)RU�H[DPSOH��p�D��SH-
GHVWULDQ�DSSHDULQJ�VXGGHQO\�LQ��WKH��URDGZD\�DIWHU�FURVVLQJ�LQ�IURQW�RI�D�SXEOLF�EXV�
GLVFKDUJLQJ�SDVVHQJHUV�q�2U�p�D��KXPDQ�DELOLW\�WR�FRPPDQG�WUDƱF�ODZ�YLRODWLRQV�
such as going through a red light due to perceived danger to occupants if remain-
LQJ�VWRSSHG�DW��D��OLJKW�q�2U�HYHQ�p�DQ�RWKHU�YHKLFOH�VNLGGLQJ�LQWR��DQ��LQWHUVHFWLRQ�
GXH�WR�LFH��FROOLVLRQ�IURP�WKH�UHDU�GXH�WR�FORVH�IROORZLQJ�GLVWDQFH���D��YHKLFOH�EHLQJ�
pushed into an intersection due to collision from the rear, distracted driving behav-
LRUV���RU��LPSDLUHG�GULYLQJ�EHKDYLRUV�q�

7KH�VWDQGDUG�LV�H[SDQVLYH�HQRXJK�WR�FRQVLGHU�HYHQ�HYHQWV�QRW�W\SLFDOO\�HQYLVLRQHG�
by car manufacturers, such as aggressive behavior by pedestrians that go beyond 
VWHSSLQJ�RƬ�D�FXUE�ZLWKRXW�ƮUVW�ORRNLQJ�ERWK�ZD\V��7KLV�FDWHJRU\�LQFOXGHV�XQXVXDO�
yet conceivable events a human driver would have to assess and react to, including 
WKH�FDWHJRU\�RI�pYHKLFOH�KDUDVVPHQW�E\�QRQ�RFFXSDQWV�q�VXFK�DV�pGHƮDQW�MD\ZDON-
LQJ��VTXHHJHH�SXQNV�����RU��LQWHQWLRQDO�LQMXU\�VHHNLQJ�EHKDYLRUq�VXFK�DV�D�pSHGHV-
WULDQ�LQWHQWLRQDOO\�� MXPSLQJ��LQ�IURQW�RI�D�YHKLFOH�q�,W�HYHQ�FRQWHPSODWHV�VFHQDULRV�
ZKHUH�D�KXPDQ�GULYHU�ZRXOG�KDYH�WR�TXLFNO\�DVVHVV�DQG�WDNH�DFWLRQ�EDVHG�RQ�RYHUW-
O\�WKUHDWHQLQJ�EHKDYLRU�UDWKHU�WKDQ�PHUHO\�GLVSOD\LQJ�TXLFN�UHDFWLRQV��,Q�WKDW�FDW-
HJRU\�DUH�pVLWXDWLRQV�VXFK�DV�PDOLFLRXV�SHGHVWULDQV�H[SORLWLQJ�GHVLJQHG��$9��VDIH�
item behaviors to nefarious purposes, such as block ing the movement of a vehicle 
in order to entrap the occupants to attack them.”  



In those abhorrent behavior scenarios, UL 4600 does not call for what would 
amount to a superhuman reaction on the part of a car’s onboard computer. Instead, 
WKH�VWDQGDUG�QRWHV��pWKLV�LV�QRW�D�UHTXLUHPHQW�WR�DEVROXWHO\�SUHYHQW�LPSDFW�ZLWK�D�
SHGHVWULDQ�ZKR�LV�ZLOOIXOO\�DWWHPSWLQJ�WR�EH�LQMXUHG��5DWKHU��WKLV�LGHQWLƮHV�D�VFHQDU-
io that should be considered in hazard analysis, and in particular might reduce the 
credit that can be taken for humans avoiding risky situations.”

While UL 4600 does not mandate solutions to each of those scenarios, or even 
PLQLPXP�PLOHVWRQHV�IRU�$9�V\VWHP�GHYHORSPHQW��VXFK�DV�VSHFLƮF�GDWD�DQQRWDWLRQ�
and analysis, it does back into that territory in the standard’s Section 8.5 Machine 
/HDUQLQJ�DQG�$,�7HFKQLTXHV��)RU�D�FDU�PDQXIDFWXUHU�WR�ZLQ�8/������FHUWLƮFDWLRQ��LW�
will have to make the case that its onboard AV system contemplates each of those 
DERYH�VFHQDULRV��DQG�PRUH��DQG�WKDW�LWV�DOJRULWKP�LV�IXOO\�FDSDEOH�RI�GHWHFWLQJ��DV-
sessing, and then reacting to those sets of conditions and events. 

p7KH�VDIHW\�FDVH��SXW�IRUWK�E\�D�FDU�PDQXIDFWXUHU��VKDOO�DUJXH�WKDW�DQ\�0DFKLQH�
Learning based approach and other AI approaches provide acceptable capabili-
WLHV�q�8/������QRWHV��,Q�WKDW�UHVSHFW��LW�FDOOV�IRU�H[SODQDWLRQV�GHPRQVWUDWLQJ�WKDW�
pWKH�W\SH�DQG�TXDQWLW\�RI�GDWD�XVHG�IRU�0DFKLQH�/HDUQLQJ�WUDLQLQJ�DQG�WHVWLQJ�
HQVXUH�DFFHSWDEOH�SHUIRUPDQFH�DFURVV�WKH�HQWLUH��2SHUDWLRQDO�'HVLJQ�'RPDLQ���
DGGUHVVLQJ�DW�OHDVW�WKH�IROORZLQJ�SRLQWV�������WKDW�WKH��VDIHW\�UHODWHG�DVSHFWV�RI�WKH�
2''�DUH�VXEVWDQWLDOO\�UHSUHVHQWHG�E\�WKH�GDWD��DQG�����HYDOXDWLRQ�PHWULFV�DFFRXQW�
IRU�UHTXLUHG�ULVN�PLWLJDWLRQ�q�7KH�2''�IRU�DQ�$XWRQRPRXV�9HKLFOH�FDQ�EH�GHƮQHG�LQ�
WHUPV�RI�JHRJUDSK\��ZHDWKHU��OLJKWLQJ��URDGZD\�PDUNLQJV��SUHYLRXV�H[SHULHQFH�RQ�
WKDW�SDUWLFXODU�URDGZD\��DQG�RWKHU�HQYLURQPHQWDO�DQG�H[SHULHQWLDO�IDFWRUV�

,Q�SODLQHU�ODQJXDJH��WKH�VWDQGDUG�RƬHUV�D�ZRUNLQJ�VFRSH�IRU�$9�0DFKLQH�/HDUQLQJ�
WUDLQLQJ�GDWD��p�7KDW��HYHQWV�ZLWK�D�ORZ�SUREDELOLW\�EXW�KLJK�VHYHULW\�IRU�IDLOXUH�DUH�
SURSHUO\�KDQGOHG��GHVSLWH�EHLQJ�D�YHU\�VPDOO�IUDFWLRQ�RI�H[SHFWHG�UHDO�ZRUOG�GDWD�q�
,Q�GRLQJ�VR��8/�PLJKW�KDYH�MXVW�FDXVHG�$9�V\VWHP�GHYHORSHUV�WR�UHDVVHVV�WKH�
TXDQWLW\��TXDOLW\��DQG�GLYHUVLW\�RI�WKH�WUDLQLQJ�GDWD�WKH\�ZLOO�UHTXLUH�WR�SDVV�SHUKDSV�
WKH�PRVW�IXQGDPHQWDO�WHVW�IRU�FRQVXPHU�DFFHSWDQFH��D�FDU�WKDW�QRW�RQO\�UHDFWV�DV�
ZHOO��LI�QRW�EHWWHU��WKDQ�D�KXPDQ�GULYHU�WR�HYHU\GD\�URDG�KD]DUGV�s�EXW�HYHQ�WR�WKH�
dangers contemplated by the fevered imagination of a Hollywood thriller.

0HPEHU�RUJDQL]DWLRQV�RQ�8/������6WDQGDUGV�7HFKQLFDO�3DQHO��6RXUFH��8QGHUZULWHUV�/DERUDWRULHV
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