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3UHIDFH

0\�LQWHUHVW�LQ�WKH�HIIHFWV�RI �DGYDQFHG�GULYLQJ�DVVLVWDQFH�V\VWHPV�VWDUWHG�ZLWK�LQFUHGXOLW\�DW�WKH
EODPH�DVVLJQHG�WR�WKH�GULYHU�LQ�HYHU\�VLWXDWLRQ�WKDW�JRHV�DZU\� HYHQ�LI �WKH�GULYHU�LV�XVLQJ�D�´VPDUWµ
V\VWHP�WR�KHOS�WKHP� 7KH�GULYHU�LV�UHVSRQVLEOH�IRU�WKH�YHKLFOH�DQG�LWV�DFWLRQV�DFFRUGLQJ�WR�WKH
9LHQQD�FRQYHQWLRQ�������� EXW�ZKDW�DUH�WKH�RSSRUWXQLWLHV�IRU�WKH�GULYHU�WR�EHKDYH�VDIHO\�ZKHQ
DLGHG�E\�DXWRPDWLRQ" 5HVHDUFK�VRPHWLPHV�VHHPHG�WR�LQGLFDWH�WKDW�GULYLQJ�ZLWK�DXWRPDWLRQ�ZDV
PRUH�ULVN\� WKDQ�GULYLQJ�ZLWKRXW� DW� OHDVW� LQ�VLWXDWLRQV�ZKHQ�DXWRPDWLRQ�IDLOHG� WR�DFW�DQG�WKH
GULYHU�KDG�WR�UHVSRQG��1LOVVRQ� ������6WDQWRQ�DQG�<RXQJ�������� 7KXV� P\�FXULRVLW\�ZDV�GUDZQ
WR�ZKDW�WKH�GULYHU�DFWXDOO\�XQGHUVWRRG�DERXW�D�V\VWHP·V�FDSDELOLWLHV� DQG�KRZ�WKH\�ZHUH�DEOH�WR
KDQGOH�LWV�SRVVLEOH�VKRUWFRPLQJV� 6\VWHP�OLPLWDWLRQV� ZKHWKHU�D�FRQVFLRXV�GHFLVLRQ�E\�GHVLJQHUV
RU�QRW� UHTXLUH�WKH�GULYHU�WR�UHYHUW�WR�PDQXDO�FRQWURO�IDLUO\�RIWHQ�

$W�WKH�EHJLQQLQJ� WKH�LQWHQWLRQ�ZDV�WR�VWXG\�WKH�KDQG�RYHU�RI �FRQWURO�EHWZHHQ�DXWRPDWLRQ
DQG�KXPDQ� ,Q�HVVHQFH� WR�LQYHVWLJDWH�WKH�µEXPS\�WUDQVIHUµ�SUREOHP�IURP�DYLDWLRQ��H�J��6DUWHU
HW DO��������� DQG�VHH�KRZ�LW�PDQLIHVWHG�LQ�GULYLQJ� %XPS\�WUDQVIHU�LV�WKH�WHUP�VRPHWLPHV�XVHG
IRU�SUREOHPV�WKDW�RFFXU�ZKHQ�DXWRPDWLRQ�KDQGV�FRQWURO�EDFN�WR�WKH�RSHUDWRU�ZKHQ�LW�FDQQRW
KDQGOH�D�VLWXDWLRQ� 7KH�RSHUDWRU�LV�WKHQ�WKUXVW�EDFN�LQWR�FRQWURO�DW�D�SRLQW�ZKHUH�VKH�QRW�RQO\
QHHGV�WR�KDQGOH�D�KD]DUG� EXW�DOVR�XQGHUVWDQG�KRZ�VKH�HQGHG�XS�LQ�WKH�VLWXDWLRQ�LQ�RUGHU�WR
UHVROYH�LW�VDIHO\� 7KXV� WKH�RSHUDWRU�KDV�WR�VSHQG�VRPH�WLPH�GLDJQRVLQJ�WKH�VLWXDWLRQ�

$IWHU�KDYLQJ�VWDUWHG� WKH�SURMHFW� LW� VRRQ�DSSHDUHG� WKDW�µEXPS\µ� WUDQVIHU�ZDV�GLIILFXOW� WR
LGHQWLI\�LQ�GULYLQJ� $ KDQGRYHU�RI �FRQWURO�PLJKW�QRW�HYHQ�EH�D�JRRG�ZD\�RI �FKDUDFWHULVLQJ�ZKDW
JRHV�RQ�EHWZHHQ�GULYLQJ�DXWRPDWLRQ�OLNH�$&& DQG�WKH�GULYHU� $V�WKH�$&& GRHV�QRW�PDNH�DQ\
WDFWLFDO�GHFLVLRQV�EH\RQG�NHHSLQJ�WKH�VHW�7+: DFFRUGLQJ�WR�ZKDW�LWV�VHQVRUV�FDQ�GHWHFW� WKHUH
PLJKW�QRW�EH�D�WUDQVIHU�RI �FRQWURO�WKH�ZD\�WKHUH�LV�LQ�DYLDWLRQ�

$ GLIIHUHQW�DQJOH�ZDV�QHHGHG� ,QVWHDG�RI �YLHZLQJ�WKH�GULYHU·V�XVH�RI �$&& DV�D�VXSHUYLVRU\
WDVN� DV�LV�RIWHQ�GRQH�LQ�DXWRPDWLRQ�UHVHDUFK� , VWDUWHG�XVLQJ�WKH�FRQFHSW�RI �´GHOHJDWLRQµ� ,I �XVLQJ
DXWRPDWLRQ�FRXOG�QRW�EH�VHHQ�DV�JLYLQJ�XS�FRQWURO� PD\EH�GULYHUV�ZHUH�LQFRUSRUDWLQJ�WKH�V\VWHP
PRUH�LQWR�WKHLU�DFWLRQV" 7KH�WHUP�´GHOHJDWLRQµ�DOVR�SRLQWV�WR�WKH�QHFHVVLWLHV�RI �LQIRUPLQJ�WKH
RSHUDWRU� DQG�HOXFLGDWHV�WR�ZKDW�D�KXPDQ�PLJKW��HUURQHRXVO\��H[SHFW�IURP�DXWRPDWLRQ�WKDW�LV
ZRUNLQJ�WRZDUG�WKH�VDPH�JRDO�DV�WKHP� 'ULYHUV�QRW�RQO\�KDYH�WKH�RSSRUWXQLW\�WR�GHOHJDWH�SDUWV
RI �GULYLQJ� WKH\�VKRXOG�DOVR�EH�DIIHFWHG�E\�WKDW�GHOHJDWLRQ� $V�WKH�V\VWHP�WDNHV�RYHU�SDUW�RI �WKH
ORQJLWXGLQDO�FRQWURO� VXFK�VKDUHG�FRQWURO�RI �GULYLQJ�PD\�DOVR�DOWHU�WKH�GULYHUV·�PRWLYDWLRQ�IRU
ORRNLQJ�DW�DQG�UHVSRQGLQJ�WR�WUDIILF�DQG�PDNH�WKHP�SHUFHLYH�WKH�ZRUOG�GLIIHUHQWO\�

7KH�LQIOXHQFH�$&& H[HUWV�RQ�WDFWLFDO�GHFLVLRQV�PDGH�E\�WKH�GULYHU�ZDV�XQFOHDU� ,Q�DYLDWLRQ�
WKH�DXWR�SLORW�FDQ�PDNH�VWUDWHJLF�GHFLVLRQV� DV�ZHOO�DV�WKH�WDFWLFDO�RQHV� DQG�GRHV�QRW�FRPPXQLFDWH
WKLV�WR�WKH�SLORW�RWKHU�WKDQ�E\�WKH�XVH�RI �LQVWUXPHQWV�DQG�DOHUWV� $&& RQ�WKH�RWKHU�KDQG� ZKLOH
KDYLQJ� D� WDFWLFDO� FRPSRQHQW� VWLOO� GRHV�QRW�KDQGOH� VR�PXFK�RI �GULYLQJ� WKDW� WKH�GULYHU� LV� OHIW
RXWVLGH�RI �WDFWLFDO�FRQVLGHUDWLRQV� ,QVWHDG� WKH�GULYHU�QHHGV�WR�KDQGOH�WKH�WDFWLFDO�VLGH�RI �GULYLQJ
UHJDUGOHVV�RI �EHLQJ�LQ�PDQXDO�FRQWURO�RU�QRW� 7KH�IRFXV�RI �WKH�WKHVLV�WKHUHIRUH�EHFDPH�WKH�HIIHFWV
RI �GHOHJDWLQJ�FRQWURO�WR�GULYLQJ�DXWRPDWLRQ�RQ�WDFWLFDO�FRQVLGHUDWLRQV� 0DLQO\� KRZ�GULYHUV�ZRUN
ZLWK�$&&��LQVWHDG�RI �KRZ�GULYLQJ�PD\�EH�PDGH�PRUH�FRPSOLFDWHG�ZLWK�WKH�V\VWHP�

L



/DUVVRQ���$XWRPDWLRQ�DQG�WKH�QDWXUH�RI �GULYLQJ

$EEUHYLDWLRQV

$'$6 ��$GYDQFHG�'ULYLQJ�$VVLVWDQFH�6\VWHPV

$&& ��$GDSWLYH�&UXLVH�&RQWURO

&&& ��&RQYHQWLRQDO�&UXLVH�&RQWURO

7+: ��7LPH�+HDG:D\

77& ��7LPH�7R�&ROOLVLRQ

LL



/LVW�RI �SDSHUV

7KLV�WKHVLV�LV�PDLQO\�EDVHG�RQ�WKH�IROORZLQJ�SDSHUV� KHUHLQ�UHIHUUHG�WR�E\�WKHLU�5RPDQ�QXPHUDOV�

, � /DUVVRQ� $�)�/ ������� 'ULYHU�XVDJH�DQG�XQGHUVWDQGLQJ�RI �DGDSWLYH�FUXLVH�FRQWURO�
$SSOLHG�(UJRQRPLFV� ��� SS��������

,, � .LUFKHU� .�� /DUVVRQ� $�� $QGHUVVRQ�+XOWJUHQ� -�� 7DFWLFDO� GULYLQJ�EHKDYLRXU�ZLWK
GLIIHUHQW�OHYHOV�RI �DXWRPDWLRQ� 3DSHU�DFFHSWHG�LQWR ,((( 7UDQVDFWLRQV�RQ�,QWHOOLJHQW�7UDQVSRUWDWLRQ
6\VWHPV�

,,, � /DUVVRQ� $�)�/�� .LUFKHU� .�� $QGHUVVRQ�+XOWJUHQ� -��/HDUQLQJ�IURP�H[SHULHQFH� )D�
PLOLDULW\�ZLWK�$&& DQG�UHVSRQGLQJ�WR�VXGGHQ�FKDQJHV�LQ�WLPH�KHDGZD\�LQ�DXWRPDWHG�GULYLQJ�
6XEPLWWHG�WR 7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�)��7UDIILF�3V\FKRORJ\�DQG�%HKDYLRXU�

,9 � /DUVVRQ� $�)�/�� /LQGJUHQ� $�� ([SORLWLQJ�)27'DWD�WR�'HWHUPLQH�'ULYHU�5HVSRQVHV
WR�&XW�,Q�6LWXDWLRQV�:LWK�DQG�:LWKRXW�$GDSWLYH�&UXLVH�&RQWURO� 6XEPLWWHG�WR +XPDQ�)DFWRUV�
7KH�-RXUQDO�RI �WKH�+XPDQ�)DFWRUV�DQG�(UJRQRPLFV�6RFLHW\�

&RQWULEXWLRQ�WR�WKH�SDSHUV

, � $QQLND�/DUVVRQ�GHVLJQHG� SHUIRUPHG�DQG�DQDO\VHG�WKH�VWXG\�DQG�ZURWH�WKH�SDSHU�

,, � $QQLND�/DUVVRQ�GHVLJQHG�DQG�SHUIRUPHG�WKH�VWXG\� DQG�SDUWLFLSDWHG�LQ�WKH�DQDO\VLV
DQG�ZULWLQJ�RI �WKH�SDSHU�

,,, � $QQLND�/DUVVRQ�GHVLJQHG�DQG�SHUIRUPHG�WKH�VWXG\� GLG�WKH�DQDO\VLV�DQG�ZDV�WKH�PDLQ
ZULWHU�RI �WKH�SDSHU�

,9 � $QQLND�/DUVVRQ�GHVLJQHG�WKH�GDWDEDVH�VWXG\�DQG�WKH�VFULSW� DQDO\VHG�WKH�UHVXOWV�IURP
WKH�VWDWLVWLFDO�VWXG\�DQG�ZURWH�WKH�SDSHU�
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&RQWHQWV
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$%%5(9,$7,216� � � � � � � � � � � � � � � � � � � LL

/,67 2) 3$3(56 � � � � � � � � � � � � � � � � � � � LLL

� ,1752'8&7,21� � � � � � � � � � � � � � � � � � � � �
��� *HQHUDO�VFRSH � � � � � � � � � � � � � � � � � � � � �
��� 6WUXFWXUH�RI �WKH�WKHVLV � � � � � � � � � � � � � � � � � �
��� $&& IXQFWLRQDOLW\ � � � � � � � � � � � � � � � � � � �
��� 'HILQLWLRQV � � � � � � � � � � � � � � � � � � � � � �

� &21&(378$/ )5$0(:25. � � � � � � � � � � � � � � � �
��� &RJQLWLRQ � � � � � � � � � � � � � � � � � � � � � �
��� &RQWURO � � � � � � � � � � � � � � � � � � � � � � ��
��� 6XPPDU\ � � � � � � � � � � � � � � � � � � � � � ��

� 35(9,286 5(6($5&+ � � � � � � � � � � � � � � � � � ��
��� /HDUQLQJ�WR�XVH�$&& � � � � � � � � � � � � � � � � � ��
��� %HKDYLRXUDO�DGDSWDWLRQ�WR�$&& � � � � � � � � � � � � � � ��
��� )LHOG�RSHUDWLRQDO�WHVW�VWXGLHV�RI �$&& � � � � � � � � � � � � ��
��� $WWHQWLRQ�ZKHQ�ZRUNLQJ�ZLWK�DXWRPDWLRQ � � � � � � � � � � � ��
��� 5HVSRQGLQJ�WR�WUDIILF�FRQIOLFWV�ZLWK�DXWRPDWLRQ � � � � � � � � � ��
��� 6XPPDU\�DQG�HPSLULFDO�JDSV � � � � � � � � � � � � � � � ��

� 5(6($5&+ 48(67,216 � � � � � � � � � � � � � � � � � ��
��� 5HVHDUFK�TXHVWLRQ�����([SHULHQFH� � � � � � � � � � � � � � ��
��� 5HVHDUFK�TXHVWLRQ�����7DFWLFDO�FRQVLGHUDWLRQV � � � � � � � � � � ��
��� 5HVHDUFK�TXHVWLRQ�����(IIHFWV�RQ�IXWXUH�DXWRPDWLRQ � � � � � � � � ��

� (03,5,&$/ 678',(6 � � � � � � � � � � � � � � � � � � ��
��� 6WXG\�,

'ULYHU�XQGHUVWDQGLQJ�RI �$&& OLPLWDWLRQV � � � � � � � � � � ��
��� 6WXG\�,,

5HVSRQGLQJ�LQ�WDFWLFDOO\�LPSRUWDQW�GULYLQJ�VLWXDWLRQV � � � � � � � ��
��� 6WXG\�,,,

8VLQJ�)27 GDWD�WR�GHWHUPLQH�WKH�LQIOXHQFH�RI �$&& RQ�UHVSRQVH�WLPHV � ��
��� 6XPPDU\�RI �UHVXOWV � � � � � � � � � � � � � � � � � � ��
��� $QVZHULQJ�WKH�UHVHDUFK�TXHVWLRQV� � � � � � � � � � � � � � ��

� *(1(5$/ ',6&866,21 � � � � � � � � � � � � � � � � � ��
��� 0HWKRGRORJLFDO�FRQVLGHUDWLRQV � � � � � � � � � � � � � � ��
��� 5HVXOWV�GLVFXVVLRQ � � � � � � � � � � � � � � � � � � ��



��� )XUWKHU�UHVHDUFK � � � � � � � � � � � � � � � � � � � ��

� &21&/86,216 � � � � � � � � � � � � � � � � � � � � ��
��� )LQDO�UHPDUNV � � � � � � � � � � � � � � � � � � � � ��

5()(5(1&(6 � � � � � � � � � � � � � � � � � � � � ��

$&.12:/('*(0(176 � � � � � � � � � � � � � � � � ��

$33(1',; � � � � � � � � � � � � � � � � � � � � � ��



7KH�IDFW�WKDW�ZH�OLYH�DW�WKH�ERWWRP�RI �D�GHHS�JUDYLW\�ZHOO�
RQ�WKH�VXUIDFH�RI �D�JDV�FRYHUHG�SODQHW�JRLQJ�DURXQG�D�QXFOHDU
ILUHEDOO����PLOOLRQ�PLOHV�DZD\�DQG�WKLQN�WKLV�WR�EH�QRUPDO�LV
REYLRXVO\�VRPH�LQGLFDWLRQ�RI �KRZ�VNHZHG�RXU�SHUVSHFWLYH�WHQGV
WR�EH�

��'RXJODV�$GDPV��7KH�6DOPRQ�RI �'RXEW� +LWFKKLNLQJ�WKH
*DOD[\�2QH�/DVW�7LPH�

� ,QWURGXFWLRQ

+XPDQ�PHDQV�IRU�PRELOLW\�KDYH�FKDQJHG�QRWDEO\�LQ�WKH�SDVW�WZR�FHQWXULHV� WUDYHO�ZDV�SULPDU�
LO\�E\�KRUVH�RU�ELF\FOH�XQWLO�WKH�LQWURGXFWLRQ�RI �DXWRPRELOHV� WKH�PRGHV�FRH[LVWLQJ�IRU�D�SHULRG
RI �WLPH�XQWLO�DXWRPRELOHV�HYHQWXDOO\�WRRN�RYHU� 'HYHORSPHQW�VXEVHTXHQWO\�PRYHG�WRZDUGV�LP�
SURYLQJ�WKHVH�DXWRPRELOHV� E\�LQFUHDVLQJ�VSHHG� FRPIRUW�DQG�VDIHW\� :KHQ�DXWRPRELOHV�ZHUH
LQWURGXFHG�LQ�WKH���WK�FHQWXU\� WKH�SXEOLF�SHUFHSWLRQ�ZDV�WKDW�WKH\�ZHUH�TXLWH�GDQJHURXV�DV�WKH\
WUDYHOOHG�VLJQLILFDQWO\�IDVWHU�WKDQ�RWKHU�PHDQV�RI �WUDQVSRUW� 7R�PLWLJDWH�WKLV� LW�ZDV�UHTXLUHG�WKDW
D�PDQ�ZDON�LQ�IURQW�RI �WKH�DXWRPRELOH�ZDYLQJ�D�IODJ� LQ�RUGHU�WR�DOHUW�RWKHUV� )RU�KRUVH�FDU
GULYHUV� WKH�DUULYDO�RI �WKH�DXWRPRELOH�DOVR�FRQVWLWXWHG�D�ELJ�FKDQJH� )URP�EHLQJ�DOHUWHG�E\�WKH
KRUVH�DERXW�FHUWDLQ�GDQJHUV�DQG�OHDUQLQJ�WR�ZRUN�ZLWK�D�VSHFLILF�KRUVH� GULYHUV�RI �DXWRPRELOHV
ZHUH�QRZ�RQ�WKHLU�RZQ� GHDOLQJ�ZLWK�D�PDFKLQH��1RUPDQ��������

9HKLFOH�GHVLJQ�KDV�DOZD\V�EHHQ�DQ�DUHD�LQ�UDSLG�GHYHORSPHQW� HYLGHQW�E\�WKH�LQFUHDVH�LQ�VSHHG�
FRPIRUW�DQG�SDVVLYH�VDIHW\�VLQFH�WKH�ILUVW�DXWRPRELOHV�ZHUH�PDQXIDFWXUHG� )URP�WKH�LQYHQWLRQ�RI
SRZHU�VWHHULQJ� DXWRPDWLF�JHDUER[HV� DQG�$%6 EUDNHV�RQZDUG� GULYHUV�DUH�QR�ORQJHU�DV�LQYROYHG
LQ�WKH�PHFKDQLFV�RI �GULYLQJ�DV�WKH\�RQFH�ZHUH� ,Q� WKH�SDVW�GHFDGH�RU� WZR� GHYHORSPHQW�KDV
IRFXVHG�LQFUHDVLQJO\�XSRQ�IDFLOLWDWLQJ�WKH�FRJQLWLYH�GHPDQGV�SODFHG�RQ�WKH�GULYHU� E\�DOORZLQJ
DXWRPDWLRQ�WR�KDQGOH�VRPH�WDVNV�DVVRFLDWHG�ZLWK�GULYLQJ� )URP�KDYLQJ�KDQGV�RQ�FRQWURO�RI �WKH
VWHHULQJ�ZKHHO�DQG�SHGDOV� GULYHUV�DUH�QRZ�RIIHUHG�WKH�RSSRUWXQLW\�WR�UHO\�RQ�WKH�XVDJH�RI �YDULRXV
V\VWHPV�WR�KDQGOH�WKH�FDU�

:LWK�WKH�LQYHQWLRQ�RI �DFWLYH�VDIHW\�V\VWHPV�DQG�GULYHU�VXSSRUW�V\VWHPV�WKDW�DUH�DEOH�WR�KDQGOH
D�ODUJH�SRUWLRQ�RI �QRW�RQO\�FOXWFK�FRQWURO�EXW�DOVR�VSHHG�FRQWURO� WKH�DFW�RI �GULYLQJ�LV�WDNLQJ�WKH
QH[W�OHDS�DQG�LV�FKDQJLQJ�LQWR�VRPHWKLQJ�DV�\HW�XQNQRZQ� $GYDQFHG�GULYLQJ�DVVLVWDQFH�V\VWHPV
VXFK�DV�DGDSWLYH�FUXLVH�FRQWURO��$&&� DUH�DYDLODEOH�LQ�DQ�LQFUHDVLQJ�QXPEHU�RI �FDU�PRGHOV� DQG
WKXV�DIIHFW�D�JURZLQJ�QXPEHU�RI �GULYHUV� 7KH�VDIHW\�DQG�UREXVWQHVV�RI �WKH�V\VWHPV�LQ�YDULRXV
VFHQDULRV�DUH�RI �FRXUVH�WHVWHG�WKRURXJKO\�EHIRUH�PDUNHW�UHOHDVH� EXW�WKH�IXOO�HIIHFWV�RQ�WKH�GULYHU
DQG� WKH� WUDQVSRUW� V\VWHP�ZLOO�QRW�EHFRPH�DSSDUHQW�XQWLO� V\VWHPV�DUH�PRUH�H[WHQVLYHO\�XVHG�
/RQJ�WHUP�HIIHFWV�RI �V\VWHP�XVDJH�RQ�WKH�GULYHU·V�DFWLRQV� HIIHFWV�ZKHQ�XVLQJ�VHYHUDO�V\VWHPV



/DUVVRQ���$XWRPDWLRQ�DQG�WKH�QDWXUH�RI �GULYLQJ

LQ�FRPELQDWLRQ� DQG�KRZ�RU�LI �H[SHULHQFH�ZLWK�RQH�V\VWHP�PD\�WUDQVIHU�WR�DQRWKHU�RQH�FDQQRW
EH�IXOO\�SUHGLFWHG�HLWKHU� DV�GULYHUV�GHYHORS�EHKDYLRXUV�RYHU�WLPH��H�J��6DDG�������� 7KH�DGYHQW
RI �V\VWHPV�WKDW�FRQWURO�FHQWUDO�DVSHFWV�RI �GULYLQJ�IRU�SURORQJHG�SHULRGV�RI �WLPH�WKHUHIRUH�DOVR
QHFHVVLWDWHV�IXUWKHU�UHVHDUFK�LQWR�KRZ�GULYHUV�DSSURDFK�DQG�PDNH�XVH�RI �WKHVH�V\VWHPV�LQ�HYHU\�
GD\�WUDIILF� 7KH�GULYHU·V�XQGHUVWDQGLQJ�DQG�RSSRUWXQLWLHV�WR�EHKDYH�VDIHO\�ZLWK�WKH�V\VWHP�DUH
LPSRUWDQW� DV�WKH�GULYHU�LV�UHVSRQVLEOH�IRU�DOO�DFWLRQV�RI �WKH�YHKLFOH� LQFOXGLQJ�WKRVH�WKDW�DUH�WKH
UHVXOW�RI �DQ\�DXWRPDWLRQ�SUHVHQW�LQ�WKH�YHKLFOH��9LHQQD�FRQYHQWLRQ� ������

7KH�RYHUDOO�DLP�RI �WKLV�WKHVLV�LV�WR�LPSURYH�WKH�XQGHUVWDQGLQJ�RI �KRZ�GULYHUV�GHDO�ZLWK�WKH
DGGLWLRQ�RI �FRQWLQXRXV�DXWRPDWLRQ� PRUH�VSHFLILFDOO\�DGDSWLYH�FUXLVH�FRQWURO� WR�WKHLU�FDUV�GXULQJ
D�QRUPDO�GULYH� 3DUWLFXODUO\� KRZ�GULYHUV�KDQGOH�GULYLQJ�ZLWK�$&& LQ�FRPPRQ�WUDIILF�VLWXDWLRQV
WKDW�PD\�UHTXLUH�WKHP�WR�UHVXPH�PDQXDO�FRQWURO� ([DPSOHV�ZLOO�UHODWH�WR�$&& ZKHQ�SRVVLEOH�
UDWKHU�WKDQ�WR�RWKHU�V\VWHPV� $&& LV�FXUUHQWO\�RQH�RI �WKH�PRUH�DGYDQFHG�V\VWHPV�DYDLODEOH� DQG
WKH�RQO\�RQH�FDSDEOH�RI �KDQGOLQJ�VRPH�DFWLRQV�RI �VXUURXQGLQJ�WUDIILF�ZLWKRXW�WKH�QHHG�RI �GULYHU
LQWHUIHUHQFH� $V�VXFK� LW� LV�DOVR�XQLTXHO\�VXLWHG�IRU�D�GLVFXVVLRQ�RI �KRZ�WKH�GULYHU·V�UROH�DQG
DFWLRQV�PD\�FKDQJH�ZLWK�WKH�DGGLWLRQ�RI �IXUWKHU�DXWRPDWLRQ�

��� *HQHUDO�VFRSH

7KH�IRFXV�RI �WKLV�WKHVLV�OLHV�RQ�GHOHJDWLRQ�RI �SULPDULO\�ORQJLWXGLQDO�FRQWURO�ZKLOH�GULYLQJ� PDLQO\
RSHUDWLRQDOLVHG�E\�WKH�GHOHJDWLRQ�RI �FRQWURO�WR�DGDSWLYH�FUXLVH�FRQWURO��$&&���$&& LV�D�FRQWLQ�
XRXV�GULYHU�VXSSRUW�V\VWHP�WKDW�KDV�EHHQ�SUHVHQW�RQ�WKH�PDUNHW�IRU�RYHU�D�GHFDGH� 7KH�UHVXOWV
IURP�WKLV� WKHVLV�ZLOO�JHQHUDOLVH� WR� WKH�XVH�RI �FRQWLQXRXV�GULYLQJ�DXWRPDWLRQ� LQ�FDUV� EXW�QRW
QHFHVVDULO\�GLUHFWO\�WR�WKH�HIIHFWV�RI �XVLQJ�DXWRPDWLRQ�LQ�RWKHU�GRPDLQV�

7KH�WKHVLV�LV�ZULWWHQ�QHLWKHU�IRFXVLQJ�RQ�YHKLFOH�SHUIRUPDQFH�SDUDPHWHUV�QRU�PHUHO\�VWXG\LQJ
DXWRPDWLRQ�IURP�WKH�KXPDQ·V�SHUVSHFWLYH� ,QVWHDG� DQ�DWWHPSW�LV�PDGH�WR�LQYHVWLJDWH�GULYLQJ
LWVHOI� KRZ�WKH�GULYLQJ�WDVN�FKDQJHV�IRU�WKH�GULYHU� WDNLQJ�D�TXDOLWDWLYH�VWDQFH� ,Q�FRQMXQFWLRQ
ZLWK�WKLV� TXDQWLWDWLYH�PHDVXUHV�ZLOO�EH�XVHG�WR�GHWDLO�KRZ�GULYHUV�UHVSRQG�ZKHQ�ZRUNLQJ�ZLWK
WKH� V\VWHP� 7KHUH�ZLOO�DOVR�EH�D� UHYLHZ�RI �KRZ�GULYHUV�DGDSW� WKHLU�XWLOLVDWLRQ�RI � WKH�V\VWHP
E\�XVLQJ�LW�DQG�OHDUQLQJ�DERXW�LWV�EHKDYLRXUV� 7DNLQJ�WKLV�SHUVSHFWLYH�PHDQV�RWKHU�DVSHFWV�IDOO
RXWVLGH�WKH�FRQVWUDLQWV� VXFK�DV�VWXG\LQJ�WUDIILF�G\QDPLFV� VRFLDO�DVSHFWV�RI �XVLQJ�GULYHU�DVVLVWDQFH
V\VWHPV� DQG�HIIHFWV�RQ�WKH�WUDQVSRUW�V\VWHP�DW�ODUJH�

)XUWKHU�OLPLWDWLRQV�LQFOXGH�WKDW�RQO\�WKH�DFWLRQV�GLUHFWO\�DVVRFLDWHG�ZLWK�WKH�V\VWHP�ZLOO�EH
VWXGLHG� 'ULYHU�GLVWUDFWLRQ�DQG�WKH�XVH�RI �$&& LQ�FRPELQDWLRQ�ZLWK�RWKHU�V\VWHPV�DUH�DOO�EH\RQG
WKH�VFRSH�RI �WKLV�WKHVLV� 7KH�VFRSH�LV�DOVR�GHYHORSHG�IXUWKHU�LQ�&KDSWHU � RQ�SDJH ��

��� 6WUXFWXUH�RI �WKH�WKHVLV

1H[W�LQ�WKH�FXUUHQW�FKDSWHU� $&& IXQFWLRQDOLW\�DQG�WKH�GHILQLWLRQV�XVHG�WKURXJKRXW�WKH�WKHVLV
DUH�GHWDLOHG� ,Q�FKDSWHU��� D�FRQFHSWXDO�IUDPHZRUN�IRFXVLQJ�RQ�FRJQLWLRQ�DQG�FRQWURO� PDLQO\
WDVN�GHOHJDWLRQ� LV�SUHVHQWHG� 1H[W� SUHYLRXV�UHVHDUFK�RQ�WKH�XVH�RI �DXWRPDWLRQ�LQ�JHQHUDO�DQG
$&& LQ�SDUWLFXODU�LV�GLVFXVVHG�LQ�&KDSWHU��� IROORZHG�E\�WKH�UHVHDUFK�TXHVWLRQV�LQ�&KDSWHU���
6XPPDULHV�RI �WKH�HPSLULFDO�VWXGLHV�FRQGXFWHG�LQ�WKH�FRXUVH�RI �WKLV�WKHVLV�DUH�LQWURGXFHG�DQG�WKH
UHVXOWV�SUHVHQWHG�LQ�&KDSWHU��� DORQJ�ZLWK�DQVZHUV�WR�WKH�UHVHDUFK�TXHVWLRQV��6HFWLRQ������ 7KH
PHWKRGRORJLFDO�FRQVLGHUDWLRQV�DQG�WKH�UHVXOWV�DUH�WKHQ�GLVFXVVHG�LQ�D�EURDGHU�VHWWLQJ�LQ�&KDSWHU
�� ZKHUH�UHFRPPHQGDWLRQV�IRU�IXWXUH�UHVHDUFK�DQG�DQ�LPSURYHG�$&& DUH�DOVR�VXJJHVWHG��6HFWLRQ
������� 7KH�WKHVLV�WHUPLQDWHV�ZLWK�WKH�FRQFOXVLRQV�LQ�&KDSWHU���

�
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��� $&& IXQFWLRQDOLW\

$GDSWLYH�FUXLVH�FRQWURO�V\VWHPV�H[SDQG�RQ�WKH�FDSDELOLWLHV�RI �FRQYHQWLRQDO�FUXLVH�FRQWURO��&&&�
V\VWHPV�E\�WKH�DGGLWLRQ�RI �UDGDU� DOORZLQJ�$&&V�WR�UHVSRQG�WR�WKH�SRVLWLRQ�RI �WKH�YHKLFOH�LQ
IURQW�DQG�DGMXVW�WKH�$&& YHKLFOH·V�VSHHG�WR�PDLQWDLQ�D�VHW�PLQLPXP�GLVWDQFH�WR�LW��VHH�)LJXUH
����� &&& V\VWHPV�PDLQWDLQ�D�FRQVWDQW�VHW�VSHHG� WKHUHIRUH�EHLQJ�RI �PRVW�XVH�ZKHQ�WKHUH�LV
QR�RWKHU�WUDIILF�DURXQG� :LWK�$&&��WKH�GULYHU�GRHV�QRW�QHHG�WR�XVH�WKH�JDV�DQG�EUDNH�SHGDOV
DV�PXFK� WKXV�SURYLGLQJ�UHOLHI �GXULQJ�ORQJ�GULYHV� 7KH�WLPH�KHDGZD\��7+:� RU�WLPH�GLVWDQFH
WR�WKH�YHKLFOH�LQ�IURQW� FDQ�QRUPDOO\�EH�VHW�LQ�ILYH�VWHSV�EHWZHHQ�DERXW���DQG�����VHFRQGV� ,I
WKH�YHKLFOH�LQ�IURQW�VSHHGV�XS�RU�WXUQV�RII� WKH�$&& YHKLFOH�VSHHGV�XS� EXW�QR�PRUH�WKDQ�WR
WKH�VHW�PD[LPXP�VSHHG� ,I �D�QHZ�YHKLFOH�HQWHUV�EHWZHHQ�WKH�$&& YHKLFOH�DQG�WKH�OHDG�YHKLFOH�
$&& ORFNV�RQWR�WKLV�QHZ�YHKLFOH� PDNLQJ�LW�WKH�QHZ�OHDG�YHKLFOH� 7KH�$&& V\VWHP�WKXV�VZLWFKHV
DXWRPDWLFDOO\�WR�DQ\�QHZ�YHKLFOH�LQ�IURQW� ,Q�FDVHV�ZLWK�D�YHU\�VPDOO�WLPH�KHDGZD\� LW�PD\�WDNH
WKH�$&& V\VWHP�D�IUDFWLRQ�RI �D�VHFRQG�WR�LGHQWLI\�WKDW�WKHUH�LV�D�QHZ�OHDG�YHKLFOH�LQ�IURQW� PDNLQJ
LW�DFFHOHUDWH�XQWLO�LW�LGHQWLILHV�WKH�QHZ�OHDGHU�DQG�ORFNV�RQWR�LW�

Speed: 120 km/h 
Set: 120 km/h

Speed: 80 km/h

Speed: 80 km/hSpeed: 80 km/h 
Set: 120 km/h

Speed: 120 km/h 
Set: 120 km/h

No target, target too far away

Target moves away, no target

Has target, target slower than set speed

)LJXUH ���� 7KH�$&& YHKLFOH�KDV�D�VHW�VSHHG�RI �����NP�K� EXW�WKH�OHDG�YHKLFOH�LV�GULYLQJ�DW����NP�K� 7KXV�
WKH�$&& VORZV�WKH�YHKLFOH�GRZQ�DXWRPDWLFDOO\�WR�NHHS�WKH�VHW�PLQLPXP�GLVWDQFH� DQG�GULYHV�DW
���NP�K� ,I �WKH�OHDG�YHKLFOH�ZHUH�WR�GLVDSSHDU�RU�VSHHG�XS� WKH�$&& ZRXOG�DFFHOHUDWH�WRZDUG
WKH�VHW�VSHHG�

,Q�WKH�ILUVW�YHUVLRQV�RI �$&&��WKHUH�ZDV�QR�IRUZDUG�FROOLVLRQ�ZDUQLQJ��)&:� LI �WKHUH�ZDV
D�VXGGHQ�ORZ�WLPH�WR�FROOLVLRQ��77&���)&: LV�D�V\VWHP�WKDW�ZDUQV�WKH�GULYHU�DERXW�LPPLQHQW
FROOLVLRQ�E\�VRXQG�RU�YLVXDO�VLJQDOV� WR�DOORZ�WKH�GULYHU�WR�UHVSRQG�E\�EUDNLQJ�RU�E\�HPSOR\LQJ
DQRWKHU�DYRLGDQFH�PDQRHXYUH� &XUUHQW�YHUVLRQV�RI �$&&��WR�WKLV�DXWKRU·V�NQRZOHGJH� DOZD\V
FRPH�EXQGOHG�ZLWK�)&:��:KHQ�$&& LV�RII� )&: FDQ�VWLOO�EH�DFWLYH�EXW�LW� LV�QRW�SRVVLEOH�WR
DFWLYDWH�$&& ZLWKRXW�)&:�

7KH�$&& FDQ�LQWHUDFW�ZLWK�WKH�GULYHU�LQ�WKUHH�PRGDOLWLHV� YLVXDOO\� E\�KDSWLFV� DQG�WR�D�OHVVHU
GHJUHH� DXGLWRU\� ,FRQV�RQ�WKH�GDVKERDUG�VKRZ�WKH�VHW�VSHHG� VHW�7+:��LI �WKH�V\VWHP�LV�DFWLYH�
DQG�LI �WKH�V\VWHP�LV�IROORZLQJ�WKH�YHKLFOH�LQ�IURQW�RU�QRW��VHH�ILJXUH������ $Q�LFRQ�FDQ�DOVR�LQGLFDWH
ZKHWKHU�WKH�V\VWHP�KDV�GLUW�RQ�LWV�VHQVRUV�WKDW�QHHGV�WR�EH�FOHDQHG�RII�

7KH�$&& V\VWHP�KDV�D�PD[LPXP�EUDNH�IRUFH�DV�ZHOO�DV�D�PD[LPXP�DFFHOHUDWLRQ�IRUFH� DQG
WKH�PD[LPXP�EUDNH�IRUFH�PD\�RU�PD\�QRW�EH�HQRXJK�WR�EUDNH�EHIRUH�FROOLVLRQ�JLYHQ�WKH�FKDU�
DFWHULVWLFV�RI �WKH�VSHFLILF�GULYLQJ�VLWXDWLRQ� $&& LV�WKHUHIRUH�QRW�D�FROOLVLRQ�DYRLGDQFH�V\VWHP�
3UHVHQW�$&& V\VWHPV�DUH�JHQHUDOO\�DEOH�WR�EUDNH�WKH�YHKLFOH�GRZQ�WR�D�VWDQGVWLOO��NQRZQ�DV�IXOO
UDQJH�$&&���EXW�WKH�V\VWHPV�VWXGLHG�IRU�WKLV�WKHVLV�GLG�QRW�KDYH�WKLV�IHDWXUH�

�
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)LJXUH ���� $GDSWLYH�&UXLVH�&RQWURO

$&& V\VWHPV�DUH�DYDLODEOH�XQGHU�GLIIHUHQW�QDPHV�IURP�D�YDULHW\�RI �GLIIHUHQW�PDNHUV� 7KH\
DUH�SULPDULO\�DYDLODEOH�LQ�WKH�SUHPLXP�YHKLFOH�VHJPHQW�

����� $FWLYDWLRQ�DQG�GHDFWLYDWLRQ

7KH�GULYHU�DFWLYDWHV� WKH� V\VWHP�E\�SUHVVLQJ�EXWWRQV� W\SLFDOO\� DYDLODEOH�RQ� WKH� VWHHULQJ�ZKHHO�
HLWKHU�WR�UHVXPH�D�SUHYLRXVO\�VHW�VSHHG� RU�WR�VHW�WKH�FXUUHQW�VSHHG�DV�WKH�PD[LPXP�VSHHG�RI
WKH�YHKLFOH� 7KH�GULYHU�FDQ�DOVR�LQFUHDVH�RU�GHFUHDVH�WKH�YHKLFOH�VSHHG�DV�UHJXODWHG�E\�WKH�V\VWHP
ZLWK�WKH�EXWWRQV�RQ�WKH�VWHHULQJ�ZKHHO��)LJXUH������ DV�ZLWK�&&&�

,I �WKH�GULYHU�SUHVVHV�WKH�EUDNH� WKH�$&& V\VWHP�QR�ORQJHU�UHJXODWHV�VSHHG�DQG�WKH�GULYHU
UHVXPHV�PDQXDO�FRQWURO� ,Q�RUGHU�WR�DOORZ�WKH�V\VWHP�WR�UHJXODWH�VSHHG�DJDLQ� WKH�GULYHU�QHHGV
WR�DFWLYDWH�WKH�V\VWHP�E\�SUHVVLQJ�WKH�UHVXPH�EXWWRQ� 7KH�WKURWWOH�GRHV�QRW�GHDFWLYDWH�WKH�V\VWHP�
EXW�FDQ�DOZD\V�EH�XVHG�WR�GULYH�IDVWHU�WKDQ�WKH�VHW�PD[LPXP�VSHHG� :KHQ�WKH�WKURWWOH�LV�UHOHDVHG�
WKH�$&& V\VWHP�RQFH�DJDLQ�DXWRPDWLFDOO\�UHJXODWHV�VSHHG�

)LJXUH ���� &RQWURO�EXWWRQV�IRU�$&&��FORFNZLVH�IURP�WRS�OHIW� 5HVXPH� DFWLYDWH� GLVWDQFH�DQG�VSHHG

�
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����� )XQFWLRQDO�OLPLWDWLRQV

%HLQJ�DQ�DXWRPDWHG�V\VWHP� $&& FDQ�RQO\�´VHHµ�ZKDW�LWV�VHQVRUV�DOORZ�LW�WR� 7KHUHIRUH� EDG
ZHDWKHU�RU�GLUW�RQ�WKH�VHQVRUV�FDQ�UDGLFDOO\�DIIHFW�WKH�V\VWHP·V�RSSRUWXQLWLHV�WR�FROOHFW�GDWD� ,I
WKH�VHQVRUV�DUH�WRR�GLUW\� WKH�V\VWHP�FDQQRW�EH�HQJDJHG� ,Q�UDLQ�RU�VQRZ� WKH�HIIHFWLYHQHVV�RI �WKH
V\VWHP·V�VHQVRUV�LV�LPSHGHG�DQG�LW�PD\�QRW�UHVSRQG�WR�RWKHU�YHKLFOHV�DV�ZHOO�DV�LW�QRUPDOO\�GRHV�

$FFRUGLQJ�WR�:LQQHU��������WKH�,62 VWDQGDUG�,62 ������ UHJXODWLQJ�WKH�IXQFWLRQDO�OLPLWV
RI �$&&��VWDWHV�WKDW�SULRULW\�LV�DOZD\V�JLYHQ�WR�GULYHU�LQWHUYHQWLRQV� DQG�DW�VWHDG\�VSHHGV�EHORZ��
P�V� WKH�GULYHU�LV�WR�EH�UHTXHVWHG�WR�UHVXPH�PDQXDO�FRQWURO� /LPLWDWLRQV�IRU�V\VWHP�VHWWLQJV�DUH
DOVR�UHJXODWHG� DQG�WKH�PLQLPXP�DOORZHG�WLPH�JDS��7+:� LV���VHFRQG� $FFHOHUDWLRQ�LV�DOORZHG
ZLWKLQ�WKH�OLPLWV�RI ������P�V� WR������P�V�� 6RPH�OLPLWDWLRQV�DUH�DOVR�SUHVHQW�ZLWK�WKH�$&&
V\VWHP� 7KH�$&& UDGDU�RQO\�GHWHFWV�YHKLFOHV�VWUDLJKW�DKHDG�ZLWKLQ�D�VSHFLILF�YLHZLQJ�DQJOH�E\
SUHGLFWLQJ�WKHLU�GULYLQJ�SDWK� DQG�DW�D�VSHFLILF�PD[LPXP�GLVWDQFH�GHSHQGLQJ�RQ�WKH�UHDFK�RI �WKH
UDGDU� ,W�PD\�DOVR�WDNH�D�OLWWOH�ZKLOH�IRU�WKH�V\VWHP�WR�GHWHFW�D�YHKLFOH� GXH�WR�WKH�PRYHPHQW�RU
SURSHUWLHV�RI �WKDW�YHKLFOH�DQG�WKH�GULYH�SDWK�SUHGLFWHG��:LQQHU��������

+RZHYHU� DV�:LQQHU��������DOVR�QRWHV� WKHUH�DUH�DOVR�VLWXDWLRQ�GHSHQGHQW�FRQVWUDLQWV�WKDW
FRPSOLFDWH�WDUJHW�LGHQWLILFDWLRQ� )RU�FRPIRUWDEOH�EUDNLQJ�ZKHQ�GULYLQJ�DW�KLJK�VSHHGV� EUDNLQJ
QHHGV�WR�FRPPHQFH�EHIRUH�FRPLQJ�WRR�FORVH�WR�D�PXFK�VORZHU�YHKLFOH� LQ�IURQW� 6WLOO� ZLWK�D
ODUJH�GLIIHUHQFH�LQ�VSHHGV� LW�LV�OLNHO\�WKDW�WKH�VORZHU�PRYLQJ�YHKLFOH�ZLOO�LQVWHDG�EH�RYHUWDNHQ�
(DUO\�GHFHOHUDWLRQ�ZRXOG�LQ�WKDW�FDVH�EH�GLVWXUELQJ�WR�WKH�$&& GULYHU� KLQGHULQJ�WKH�RYHUWDNLQJ
SURFHVV� :LQQHU�DOVR�PHQWLRQV�WKDW�WKH�$&& V\VWHP�LV�VORZHU�DW�GHWHFWLQJ�D�YHKLFOH�FXW�LQ�WKDQ
WKH�KXPDQ�GULYHU�LV� 7KH�GULYHU�FDQ�LGHQWLI\�D�FXW�LQ�EHIRUH�WKDW�YHKLFOH�KDV�FURVVHG�WKH�ODQH
PDUNLQJ� 7KH�V\VWHP� GXH�WR�LWV�VHOHFWLRQ�RI �WDUJHWV�DQG�DVVLJQHG�GULYLQJ�SDWKV� LV�VORZHU�E\
DERXW�WZR�VHFRQGV��:LQQHU������� SDJH������ )XUWKHUPRUH� WKLV�VORZHU�UHVSRQVH�RQ�WKH�SDUW�RI
$&& FRXOG�DOVR�RQO\�EH�UHFWLILHG�E\�WKH�DGGLWLRQ�RI �VLWXDWLRQDO�NQRZOHGJH� ZKLFK�DFFRUGLQJ�WR
:LQQHU�SXWV�WKH�WUDQVSDUHQF\�RI �$&& V\VWHP�EHKDYLRXU�DW�ULVN� ,I �$&& KDG�NQRZOHGJH�RI �WKH
VLWXDWLRQV�LW�DFWV�LQ� LW�ZRXOG�EH�PRUH�GLIILFXOW�IRU�WKH�GULYHU�WR�XQGHUVWDQG�ZKHQ�DQG�ZK\�WKH
V\VWHP�DFWV�WKH�ZD\�LW�GRHV� LI �WKH�V\VWHP�GRHV�QRW�FRPPXQLFDWH�WKLV�IXOO\�

$FFRUGLQJ�WR�:LQQHU�������� $&& LQFRUUHFWO\�LGHQWLILHV�ZKDW�VKRXOG�EH�VHHQ�DV�D�OHDG�YHKLFOH
DERXW�RQFH�HYHU\�KRXU� VRPHWKLQJ�KH�QRWHV�DV�EHLQJ�GLIILFXOW�WR�LPSURYH�XSRQ� 7KXV� $&& ZLOO
DOZD\V�FRQWLQXH�WR�EH�DQ�LPSHUIHFW�V\VWHP� 7KLV�LPSHUIHFWQHVV� KRZHYHU� FRXOG�EH�DQ�DGYDQ�
WDJH� :LQQHU�VXJJHVWV�WKDW�LW�LV�PRUH�GLIILFXOW�WR�SUHSDUH�GULYHUV�IRU�VRPHWKLQJ�WKDW�WKH\�QHYHU
H[SHULHQFH� UDWKHU�WKDQ�KDYLQJ�WKH�FXUUHQW�VLWXDWLRQ�ZKHUH�GULYHUV�DUH�XVHG�WR�KDYLQJ�WR�JHW�EDFN
LQWR�FRQWURO�RFFDVLRQDOO\� ,I �DQ�LQFRUUHFW�OHDG�YHKLFOH�LV�LGHQWLILHG�DW�VHYHUDO�RFFDVLRQV�GXULQJ�D
ORQJ�GULYH� WKH�GULYHU�ZLOO�NQRZ�WKDW�WKH�V\VWHP�LV�IDOOLEOH� DQG�WKHUHIRUH�EH�SUHSDUHG�WR�UHVXPH
FRQWURO�LI �QHFHVVDU\� +DG�WKH�V\VWHP�EHHQ�WRR�FRPSHWHQW�DQG�DOPRVW�QHYHU�PDGH�WKHVH�PLVWDNHV�
PLV�LGHQWLILFDWLRQ�RI �D�OHDG�YHKLFOH�FRXOG�KDYH�PRUH�KD]DUGRXV�FRQVHTXHQFHV�DV�WKH�GULYHU�ZRXOG
VWUXJJOH�WR�LGHQWLI\�VRPHWKLQJ� WR�WKHP� YHU\�LPSUREDEOH�

�
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��� 'HILQLWLRQV

7KH�WHUP µ$&& YHKLFOHµ ZLOO�EH�XVHG�WR�UHIHU�WR�WKH�YHKLFOH�WKDW�LV�HTXLSSHG�ZLWK�WKH�$&& V\VWHP�
7KH µOHDG�YHKLFOHµ LV�WKH�YHKLFOH�WKDW�WKH�$&& YHKLFOH�LV�FXUUHQWO\�IROORZLQJ�

7KH�V\VWHPV�LQFOXGHG�LQ�WKH�FRQFHSW µGULYHU�VXSSRUW�V\VWHPµ LQ�WKLV�WKHVLV�DUH�RQO\�WKRVH�WKDW
UHO\�RQ�UHVSRQGLQJ�WR�HYHQWV�RXWVLGH�WKH�YHKLFOH� DQG�UHOLHYH�WKH�GULYHU�RI �D�FRQWLQXRXV�FRJQL�
WLYH�WDVN��VHH <RXQJ�HW DO��������� 7KHVH�DUH�V\VWHPV�WKDW�DOVR�IDOO�LQWR�WKH�FDWHJRU\�RI �µGULYLQJ
DXWRPDWLRQµ�UDWKHU�WKDQ�µYHKLFOH�DXWRPDWLRQµ� VHH�)LJXUH����� 6\VWHPV�VXFK�DV�HOHFWURQLF�VWDELO�
LW\�FRQWURO��(6&� DQG�DQWL�ORFN�EUDNLQJ�V\VWHP��$%6� DUH�QRW�LQFOXGHG�LQ�WKLV�WHUP� DV�WKH\�DUH
PRUH�DQ�HQKDQFHPHQW�RI �KDUGZDUH�IXQFWLRQDOLW\�WKDQ�V\VWHPV�WKDW�UHVSRQG�WR�HYHQWV�RXWVLGH�WKH
YHKLFOH� $XWRPDWLF�JHDUER[HV�DUH�SHUKDSV�PRUH�FORVHO\�UHODWHG�WR�DGYDQFHG�GULYLQJ�DVVLVWDQFH
V\VWHPV��$'$6V��VXFK�DV�$&&��EHLQJ�ERWK�FRQWLQXRXV�DQG�DWWHPSWLQJ�WR�UHVSRQG�WR�YHKLFOH
VWDWHV� 7\SLFDOO\� DXWRPDWLF�JHDUER[HV�GR�QRW�WDNH�WKH�RXWVLGH�ZRUOG�LQWR�DFFRXQW� WKH\�DUH�WKHUH�
IRUH�QRW�LQFOXGHG�LQ�WKH�FXUUHQW�GHILQLWLRQ�RI �µGULYHU�VXSSRUW�V\VWHPµ� :DUQLQJ�V\VWHPV�VXFK
DV�ODQH�GHSDUWXUH�V\VWHPV�FRXOG�DOVR�EH�VHHQ�DV�GULYHU�VXSSRUW�V\VWHPV�RU�GULYLQJ�DXWRPDWLRQ�
WKRXJK�WKH\�RQO\�VWHS�LQ�DW�GLVFUHHW�RFFDVLRQV� QRW�FRQWLQXRXVO\�

Driving automationVehicle automation

ACC

FCW

Blind spot information 

Emergency braking 
systems

CCC

ABS

Automatic gearbox

)LJXUH ���� 6\VWHPV�DV�GLYLGHG�LQWR�GULYLQJ�DXWRPDWLRQ�RU�YHKLFOH�DXWRPDWLRQ�

µ%HKDYLRXUDO�DGDSWDWLRQµ KDV�EHHQ�GHILQHG�E\�WKH�2(&' �������DV�µWKRVH�EHKDYLRXUV�ZKLFK
PD\�RFFXU�IROORZLQJ�WKH�LQWURGXFWLRQ�RI �FKDQJHV�WR�WKH�URDG�YHKLFOH�XVHU�V\VWHP�DQG�ZKLFK�ZHUH
QRW�LQWHQGHG�E\�WKH�LQLWLDWRUV�RI �WKH�FKDQJHµ� 7KLV�WKHVLV�ZLOO�H[WHQG�EHKDYLRXUDO�DGDSWDWLRQ�WR
VLJQLI\�DQ\�EHKDYLRXU�E\� WKH�GULYHU� WKDW�PD\�IROORZ�FKDQJHV� WR� WKH�URDG�YHKLFOH�XVHU�V\VWHP�
LQWHQGHG�RU�QRW�E\�WKH�LQLWLDWRUV�RI �WKH�FKDQJH�

µ&RQWUROµ ZLOO�EH�PHQWLRQHG�VHYHUDO�WLPHV�LQ�WKLV�WKHVLV� :KDW�LV�QRUPDOO\�PHDQW�E\�WKH�WHUP
FRQWURO� LV�WKH�SK\VLFDO� PDQXDO�FRQWURO�HPSOR\HG� EXW�WKH�WHUP�DOVR�LQFOXGHV�PRQLWRULQJ�WKDW
WKH�DFWLRQV�WDNHQ�DUH�KDYLQJ�WKH�LQWHQGHG�HIIHFW�RQ�WKH�PDQLSXODWHG�REMHFW� $Q�H[DPSOH�RI �WKLV
ZRXOG�EH�WKH�SK\VLFDO�FRQWURO�QHHGHG�ZKHQ�LQWHQGLQJ�WR�IROORZ�D�FXUYH�E\�WXUQLQJ�WKH�VWHHULQJ
ZKHHO� EXW�DOVR�ORRNLQJ�WR�VHH�LI �WKH�DQJOH�RI �WKH�VWHHULQJ�ZKHHO� LV�HQRXJK�WR�WDNH�WKH�FXUYH
DSSURSULDWHO\�RU�LI �LW�QHHGV�DGMXVWPHQW� $Q\�RWKHU�PHDQLQJV�ZLOO�EH�VSHFLILHG�LQ�WKH�WH[W�

7KH�GULYHU�FRQVWDQWO\�QHHGV�WR�DWWHQG�WR�HYHQWV�RXWVLGH�KLV�RU�KHU�YHKLFOH�LQ�RUGHU�WR�DYRLG
SRWHQWLDO�FROOLVLRQV�DQG�VWD\�RQ�FRXUVH� 6XFK�SRWHQWLDO�FROOLVLRQV�ZLOO�KHQFHIRUWK�EH�FDOOHG µWUDIILF
FRQIOLFWVµ� 7UDIILF�FRQIOLFWV�DUH�GHILQHG�LQ�WUDQVSRUW�HQJLQHHULQJ�DV�DQ�HYHQW�ZKHUH�WZR��RU�PRUH�

�
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YHKLFOHV�DSSURDFK�HDFK�RWKHU�VXFK�WKDW�D�FROOLVLRQ�ZLOO�RFFXU�LI �QRW�DW�OHDVW�RQH�RI �WKH�YHKLFOHV
PDNHV�DQ�DYRLGDQFH�PDQRHXYUH��+\GpQ�������� 7KH�WHUP�LV�PDLQO\�XVHG�LQ�XUEDQ�WUDIILF�EH�
WZHHQ�WZR�YHKLFOHV� )RU�WKH�SXUSRVHV�RI �WKLV�WKHVLV� LW�ZLOO�EH�DSSOLHG�WR�PRWRUZD\V�DQG�UXUDO
URDGV� 7UDIILF�FRQIOLFW�LV�QRW�QRUPDOO\�D�WHUP�XVHG�LQ�WKH�DUHD�RI �KXPDQ�IDFWRUV� EXW�LW�LV�D�XVHIXO
GHILQLWLRQ�LQ�WKH�GHVFULSWLRQV�RI �WUDIILF�HYHQWV�WKDW�DUH�WR�IROORZ�

,Q�RUGHU�WR�GHVFULEH�WKHVH�WUDIILF�FRQIOLFWV� WKH�ZRUGV µHYHQWµ� µVLWXDWLRQµ DQG µVFHQDULRµ ZLOO�EH
XVHG�GHSHQGLQJ�RQ�FRQWH[W� µ(YHQWµ�LV�LQWHQGHG�WR�EH�XQGHUVWRRG�DV�WKH�FODVV�RI �RFFXUUHQFH�
VD\�D�FXW�LQ�HYHQW� :KHQ�DQ�HYHQW�RFFXUV�DQG�WKXV�EHFRPHV�D�VSHFLILF�LQVWDQFH�RI �WKDW�HYHQW�
LW�LV�UHIHUUHG�WR�DV�D�µVLWXDWLRQµ� LQ�UHDO�OLIH�RU�ZKHQ�VLPXODWHG� /DVWO\� D�µVFHQDULRµ�LV�DQ�HYHQW
GHVLJQHG�IRU�XVH�LQ�IRU�H[DPSOH�D�GULYLQJ�VLPXODWRU� DQG�VR�LV�D�KLJKO\�VSHFLILHG�HYHQW�ZKHUH�DOO
YDULDEOHV�H[FHSW�GULYHU�UHVSRQVH�DUH�FRQWUROOHG�

µ%RUGHUOLQHµ WUDIILF�FRQIOLFWV�RU�HYHQWV�LV�D�FRQFHSW�WKDW�ZLOO�EH�XVHG�WR�GHVFULEH�WUDIILF�FRQIOLFWV
WKDW�PD\�RU�PD\�QRW�EH�ZLWKLQ�WKH�V\VWHP·V�DELOLW\�WR�UHVSRQG�WR� D�VLWXDWLRQ�YHU\�VLPLODU�WR�RQH
ZKHUH� WKH� V\VWHP�FDQ� UHVSRQG� 2QH�H[DPSOH�RI � WKLV�ZRXOG�EH�D�YHKLFOH�FXWWLQJ� LQ� IURQW�RI
WKH�$&& YHKLFOH� UHVXOWLQJ�LQ�WKH�V\VWHP�KDYLQJ�WR�EUDNH�MXVW�DERYH�LWV�PD[LPXP�EUDNH�OHYHO�LQ
RUGHU�WR�DYRLG�D�FROOLVLRQ� ,Q�D�YHU\�VLPLODU�VLWXDWLRQ� WKH�V\VWHP·V�PD[LPXP�EUDNH�OHYHO�FRXOG�EH
HQRXJK� 7R�WKH�GULYHU� LW�ZLOO�QRW�EH�DSSDUHQW�XQWLO�DIWHU�WKH�IDFW�ZKLFK�RI �WKHVH�KROG�WUXH�

+DYLQJ�µH[SHULHQFHµ�ZLWK�D�V\VWHP LV�GHILQHG�DV�KDYLQJ�SUHYLRXVO\�XVHG�DQG�EHFRPH�IDPLOLDU�ZLWK
V\VWHP� RQ�PRUH�WKDQ�D�VLQJOH�RFFDVLRQ�

�





$Q\WKLQJ�WKDW�KDSSHQV� KDSSHQV� $Q\WKLQJ�WKDW� LQ�KDSSHQ�
LQJ� FDXVHV�VRPHWKLQJ�HOVH�WR�KDSSHQ� FDXVHV�VRPHWKLQJ�HOVH�WR
KDSSHQ� $Q\WKLQJ�WKDW� LQ�KDSSHQLQJ� FDXVHV�LWVHOI �WR�KDSSHQ
DJDLQ� KDSSHQV�DJDLQ� ,W�GRHVQ·W�QHFHVVDULO\�GR�LW�LQ�FKURQR�
ORJLFDO�RUGHU� WKRXJK�

��'RXJODV�$GDPV��0RVWO\�+DUPOHVV�

� &RQFHSWXDO�IUDPHZRUN

2SHUDWRU�WDVNV�DQG�EHKDYLRXU�FKDQJH�ZLWK�WKH�DGGLWLRQ�RI �DXWRPDWLRQ� DQG�LQ�RUGHU�WR�DQDO\VH
GULYHU�DGDSWDWLRQ�WR�$&& DQ�VKRUW�UHYLHZ�RI �KXPDQ�FRJQLWLRQ�DQG�D�IUDPHZRUN�RI �FRQWURO�LV
QHHGHG� 7KH�WH[W�RQ�FRJQLWLRQ� LV�FKLHIO\� LQWHQGHG�DV�D�EDFNJURXQG�DQG� LQWURGXFWLRQ�WR�KRZ
WKH�DXWKRU�DSSURDFKHV�WKH�VXEMHFW�RI �GULYLQJ�DXWRPDWLRQ� 7KH�IUDPHZRUN�RQ�FRQWURO� LV�WKHQ
H[SORUHG�IURP�D�PDLQO\�FRJQLWLYH�SHUVSHFWLYH� LQWURGXFLQJ�WKHRULHV�DQG�FRQFHSWV�WKDW�DUH�XVHIXO
IRU�GLVFXVVLQJ�VRPH�FKDQJHV�IRU�WKH�GULYHU�EURXJKW�E\�WKH�LQWURGXFWLRQ�RI �DXWRPDWLRQ�

��� &RJQLWLRQ

&RJQLWLYH�SURFHVVHV�DUH�WKRVH�PHQWDO�SURFHVVHV�WKDW�GHVFULEH�KRZ�DJHQWV�WKLQN�DERXW�DQG�NQRZ
WKH�ZRUOG� LQFOXGLQJ�SHUFHSWLRQ� DWWHQWLRQ� PHPRU\� OHDUQLQJ� SUREOHP�VROYLQJ� DQG�PDQ\�PRUH�
7KLQNLQJ�DQG�SHUFHLYLQJ�GRHV�QRW� KRZHYHU� WDNH�SODFH�LQ�D�YDFXXP�LQGHSHQGHQW�RI �WKH�ZRUOG
DURXQG�LW� ,QVWHDG� DOO�KXPDQ�DFWLRQ�DQG�FRJQLWLRQ�LV�PHGLDWHG� ILOWHUHG� WKURXJK�WKH�DUWHIDFWV�DQG
WRROV�WKDW�VXUURXQG�XV��1RUPDQ�������� ,W�LV�WKHUHIRUH�LPSRVVLEOH�WR�DGG�RU�UHPRYH�DUWHIDFWV�RU
V\VWHPV� H[SHFWLQJ�WR�VHH�WKH�VDPH�EHKDYLRXU�RU�WKLQNLQJ�LQ�SHRSOH�DV�LQ�WKH�RULJLQDO�VHWWLQJ� 7KH
DGGLWLRQ�RI �DXWRPDWLRQ�WR�WKH�GULYLQJ�WDVN�ZLOO�WKHUHIRUH�PRGLI\�GULYHU�EHKDYLRXU� LW�GRHV�QRW
PHUHO\�UHPRYH�UHVSRQVLELOLWLHV� $V�%DLQEULGJH��������SRLQWHG�RXW� WKH�LQWURGXFWLRQ�RI �DGYDQFHG
DXWRPDWLRQ�LQWR�D�WDVN�VWLOO�OHDYHV�KXPDQV�UHVSRQVLEOH�IRU�FUXFLDO�PRQLWRULQJ�DQG�GHDOLQJ�ZLWK
HPHUJHQF\�VLWXDWLRQV�

����� 6LWXDWHG�FRJQLWLRQ

*HQHUDOO\� WKH�FRQFHSW�RI �VLWXDWHG�FRJQLWLRQ�LV�XVHG�WR�GHVFULEH�KRZ�WKH�WKLQNLQJ�RI �DQ�LQGLYLGXDO
LV�DIIHFWHG�E\�WKHLU�JRDOV�DQG�H[SHULHQFHV�DV�PRGLILHG�E\�IRU�H[DPSOH�DXWRPDWLRQ� :LWK�$&&�
WKH�GULYHU�DQG�V\VWHP�DUH�ERWK�REVHUYDQW�IRU�REVWDFOHV�DKHDG� EXW�WKH�V\VWHP�FDQ�GHWHFW�DQG�GR
WKLQJV�WKDW�WKH�GULYHU�FDQQRW� DV�WKH�GULYHU�FDQ�GHWHFW�DQG�GR�WKLQJV�WKH�V\VWHP�FDQQRW� 7KLV



/DUVVRQ���$XWRPDWLRQ�DQG�WKH�QDWXUH�RI �GULYLQJ

LPSOLHV�WKDW�WKH�GULYHU�FDQ�ERWK�PDNH�XVH�RI �WKH�V\VWHP�WR�H[WHQG�WKHLU�FRJQLWLRQ� DQG�KDYH�WKHLU
JRDOV�DIIHFWHG�E\�WKH�IXQFWLRQDOLW\�RI �WKH�$&&��6RPH�WKLQJV�DUH�EHWWHU�KDQGOHG�E\�WKH�$&&��DQG
RWKHUV�EHWWHU�KDQGOHG�E\�WKH�GULYHU�

7KH�DGGLWLRQ�RU�UHPRYDO�RI �HYHQ�MXVW�D�VPDOO�SDUW�RI �D�WDVN�PHDQV�WKDW�WKH�WDVN�LQ�LWV�HQ�
WLUHW\�ZLOO�EH�FKDQJHG��H�J� +ROOQDJHO��������1RUPDQ�������� DV�FRJQLWLRQ�LV�GHSHQGHQW�RQ�LWV
VXUURXQGLQJV� 7KH�UHDVRQ�LV�WKDW�WKH�WRROV�DQG�DUWHIDFWV�ZH�XVH�DIIHFW�RXU�FRJQLWLRQ� DV�LW�ILOWHUV
WKH�ZRUOG�WKURXJK�WKH�DFWLRQV�DIIRUGHG�E\�WKHVH�DUWHIDFWV� DQG�JXLGH�RXU�DWWHQWLRQ� &RJQLWLRQ
WKXV�FDQQRW�EH�WDNHQ�RXW�RI �FRQWH[W� DV�WKH�H[SHULHQFH�RI �WKDW�FRQWH[W�VKDSHV�RXU�SHUFHSWLRQ�RI
WKH�ZRUOG�DQG�DOVR�FRQVWUDLQV�DQG�VKDSHV�RXU�SHUFHLYHG�RSSRUWXQLW\�IRU�DFWLRQ� 1HLVVHU·V�������
´SHUFHSWXDO�F\FOHµ�SURYLGHV�D�GHVFULSWLRQ�RI �KRZ�SHUFHSWLRQ� DFWLRQ�DQG�NQRZOHGJH�LQIOXHQFH
HDFK�RWKHU� LQ�WKH�DFKLHYHPHQW�RI �JRDOV� $Q�H[SHULHQFHG�GULYHU�PD\�VHH�D�EDOO� LQ� WKH�VLGH�RI
WKH�URDG�DQG�LPPHGLDWHO\�VORZ�GRZQ�DQG�VWDUW�ORRNLQJ�IRU�FKLOGUHQ� ZKHUHDV�WKH�LQH[SHULHQFHG
GULYHU�RQO\�VHHV�WKH�EDOO� ODFNLQJ�NQRZOHGJH�RI �DQ\�LPSOLFLW�PHDQLQJ� ,I �WKH�LQH[SHULHQFHG�GULYHU
WKHQ�VHHV�D�FKLOG� WKH\�WRR�PD\�VWDUW�WR�PDNH�D�FRQQHFWLRQ�EHWZHHQ�D�EDOO�DQG�FKLOGUHQ�DQG�WKXV
DGMXVW�WKHLU�DWWHQWLRQ�LQ�VXFK�FLUFXPVWDQFHV� +DYLQJ�H[SHULHQFH�ZLWK�D�V\VWHP�RU�DQ�HYHQW�W\SH
WKHUHIRUH�PDNHV�SHRSOH�PRUH�SUHSDUHG�WR�SHUFHLYH�VRPH�WKLQJV�WKDQ�RWKHUV� 7KH�WKUHH�SDUWV�RI
DFWLRQ� SHUFHSWLRQ�DQG�H[SHULHQFH�WKXV�LQWHUDFW�ZLWK�HDFK�RWKHU� LQ�D�FLUFXODU�IDVKLRQ� WR�SURYLGH
D�VXLWDEOH�LQWHUSUHWDWLRQ�RI �DQ�HYHQW��1HLVVHU�������� :LWK�WKH�XVH�RI �DXWRPDWLRQ� WKH�V\VWHP
DOVR�SURYLGHV�RWKHU�PHDQV� IRU�H[SORUDWLRQ� SHUFHSWLRQ�DQG�DFWLRQ� WKDQ� WKH�KXPDQ�KDV�DORQH
�1RUPDQ��������

2WKHU�UHVHDUFKHUV�KDYH�DOVR�HPSKDVLVHG�WKDW�DV�DWWHQWLRQ�LV�WR�D�ODUJH�H[WHQW�JXLGHG�E\�H[�
SHULHQFH�DQG�JRDOV��H�J� 0RVW�HW DO��������� GULYHUV�FDQ�HDVLO\�PLVV�UHOHYDQW�LQIRUPDWLRQ�EHFDXVH
LW�LV�XQH[SHFWHG�RU�QRW�UHOHYDQW�WR�WKH�FXUUHQW�JRDO��+LOOV� �����DQG�5XPDU� �����LQ�7ULFN�HW DO��
������ 0RVW�DQG�$VWXU��������KDYH�DOVR�VKRZQ�WKDW�ZKHQ�VXGGHQ�REVWDFOHV�DUH�XQH[SHFWHG�LQ
D�JLYHQ�HQYLURQPHQW� FROOLVLRQ�UDWHV�LQ�VLPXODWHG�GULYLQJ�DUH�VXEVWDQWLDOO\�JUHDWHU� +RZHYHU� WKH
JRDOV�JXLGLQJ�DWWHQWLRQ�QHHG�QRW�EH�FRQVWUDLQHG�WR�EHLQJ�YLJLODQW�IRU�KD]DUGV� EXW�FDQ�EH�PRUH
IX]]\�DV�ZHOO� 7KH�WDVN�RI �IROORZLQJ�DQRWKHU�YHKLFOH�FDQ�FDSWXUH�GULYHU�DWWHQWLRQ� DV�WKH�JRDO
RI �GULYLQJ�DORQJ�D�URDG�FKDQJHV�WR�WKDW�RI �IROORZLQJ�DQRWKHU�YHKLFOH�PDQXDOO\��&UXQGDOO�HW DO��
������ 7KH�LQWURGXFWLRQ�RI �$&& ZLOO�DOORZ�GULYHUV�WR�DFW�GLIIHUHQWO\�WKDQ�WKH\�ZRXOG�ZLWKRXW�WKH
V\VWHP� WKHVH�QHZ�EHKDYLRXUV�WKHQ�PRGLI\LQJ�GULYHUV·�DWWHQWLRQ�DQG�LQWHUSUHWDWLRQ�RI �HYHQWV�

����� 6XPPDU\

7RROV�DQG�DUWHIDFWV� E\�WKHLU�GHVLJQ� FRQVWUDLQ�DFWLRQV�DQG�WKH�FRQVWUXFWLRQ�RI �H[SHULHQFH��1RU�
PDQ�������� 2SHUDWRUV�QHHG�WR�FRRUGLQDWH�WKHLU�DFWLRQV�ZLWK�WKRVH�RI �WKH�DXWRPDWLRQ� DV�ZHOO�DV
LQWHUYHQH�ZLWK�WKH�DXWRPDWLRQ�ZKHQ�QHFHVVDU\�DQG�UHVSRQG�WR�DQ\�GLVWXUEDQFHV� 7KH�DGGLWLRQ�RI
DXWRPDWLRQ�WKHUHE\�FDXVHV�KXPDQV�WR�LQFRUSRUDWH�PRQLWRULQJ�QRW�RQO\�RI �WKH�VLWXDWLRQ� EXW�DOVR
RI �WKH�V\VWHP·V�DFWLRQV�DQG�SHUIRUPDQFH� 7KH�RSSRUWXQLW\�WR�SDUWO\�UHO\�RQ�$&& IXQFWLRQDOLW\
FRQVWUDLQV�DQG�H[WHQGV�WKH�RSSRUWXQLWLHV�IRU�GULYHU�DFWLRQV�LQ�ZD\V�WKDW�D�FDU�ZLWKRXW�$&& GRHV
QRW� ,QVWHDG�RI �KDYLQJ�WKH�FRQWLQXRXV�JRDO�RI �NHHSLQJ�WKH�GLVWDQFH�WR�WKH�YHKLFOH�LQ�IURQW�PDQ�
XDOO\� WKH�GULYHU�DOORZV�WKH�V\VWHP�WR�PDQDJH�WKLV�WDVN� :LWK�$&&��GULYHUV�KDYH�WKH�RSSRUWXQLW\
WR�H[SORLW�V\VWHP�DFWLRQV�DQG�WR�DWWHQG�WR�WKLQJV�VOLJKWO\�GLIIHUHQWO\� EXW�DOVR�QHHG�WR�ZDWFK�RXW
IRU�DQ\�WUDIILF�FRQIOLFWV�WKH�V\VWHP�PLJKW�KDYH�GLIILFXOWLHV�KDQGOLQJ�

$ GULYHU�LV�OLNHO\�WR�DFW�TXDOLWDWLYHO\�GLIIHUHQW�ZLWK�$&& WKDQ�ZLWKRXW�LW� ERWK�E\�WKHLU�EH�
KDYLRXU�DQG�DWWHQWLRQ� DV�WKHLU�H[SHULHQFH�RI �GULYLQJ�ZLOO�EH�GLIIHUHQW�ZLWK�WKH�V\VWHP� +DYLQJ
DFFHVV�WR�D�V\VWHP�WKDW�FDQ�KDQGOH�VRPH�RI �WKH�GLVWDQFH�NHHSLQJ�WR�YHKLFOHV�LQ�IURQW�DOORZV�GULYHUV
WR�XVH�$&& WR�DFFRPSOLVK�JRDOV�RI �IRU�H[DPSOH�SHUFHSWLRQ� 7KH�XVH�RI �$&& WR�IXOILO�JRDOV�FDQ

��
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DOVR�FKDQJH�KRZ�WKH�GULYHU�DWWHQGV�WR�VXUURXQGLQJ�WUDIILF�
2QH�TXHVWLRQ�WKDW�UHPDLQV� KRZHYHU� LV�KRZ�WKH�GULYHU�PDNHV�GHFLVLRQV�RI �KRZ�WR�PDNH�XVH

RI �DQG�UHO\�RQ�$&&��DQG�ZKHQ�QRW�WR� $QRWKHU�DVSHFW�LV�ZKDW�WKH�GULYHU·V�FKDQFHV�DUH�WR�FRQWLQXH
GULYLQJ�ZHOO�ZKHQ�GHOHJDWLQJ�FRQWURO�WR�$&&��DV�WKH�V\VWHP�DIIHFWV�WKHLU�GULYH�DQG�WKHLU�QHHG�WR
UHVSRQG�

��� &RQWURO

7R�GLVFXVV�ZKDW�WDVNV�FDQ�EH�PDQDJHG�ZLWK�WKH�KHOS�RI �$&&��LW�LV�XVHIXO�WR�LQWURGXFH�IUDPHZRUN
RI �GULYLQJ�EHKDYLRXU� 7KH�FKRLFH�KDV�IDOOHQ�WR�0LFKRQ·V�ZHOO�NQRZQ�VHSDUDWLRQ�RI �FRQWURO�WDVNV
LQ�GULYLQJ��0LFKRQ�������������� IRU�LWV�XVHIXOQHVV�WR�WKH�SHUVSHFWLYH�RI �DFWLRQV�DQG�FRJQLWLRQ
WDNHQ�LQ�WKLV�WKHVLV� 7KH�PDLQ�UHDVRQ�IRU�XVLQJ�0LFKRQ·V�PRGHO�DV�D�IUDPHZRUN�LV�WR�HVWDEOLVK
WKH�ERXQGDULHV�RI �ZKDW�ZLOO�EH�REVHUYHG� UDWKHU�WKDQ�DV�DQ�H[SODQDWRU\�PRGHO�RU�WR�GHWHUPLQH
WKH�GHPDQGV�SODFHG�RQ�WKH�GULYHU� 7KH�PRGHO�LV�QRW�FRQFHUQHG�ZLWK�ILQGLQJ�WKH�UHDVRQV�EH�
KLQG�VSHFLILF�EHKDYLRXUV�RU�UHVSRQVHV� EXW�UDWKHU�DLPV�DW�GHVFULELQJ�GLIIHUHQW�DVSHFWV�RI �GULYHU
EHKDYLRXU�ZKHQ�LQWHUDFWLQJ�ZLWK�WKH�YHKLFOH� ZLWK�WUDIILF� DQG�ZKHQ�SODQQLQJ�WKH�RYHUDOO�JRDO�RI
WKH�WULS� 6XFK�D�JHQHUDO�IUDPHZRUN�FDQ�EH�PRUH�XVHIXO�IRU�GHVFULELQJ�SRVVLEOH�FKDQJHV�LQ�WKH
GULYLQJ�WDVN�DV�D�ZKROH� RQ�GLIIHUHQW�OHYHOV� UDWKHU�WKDQ�LQ�VSHFLILF�VXE�WDVNV�VXFK�DV�PRQLWRULQJ�
UHJXODWLQJ�RU�RSHUDWLQJ�WKH�VWHHULQJ�ZKHHO�

)RU�D�FRPSDULVRQ�RI �GLIIHUHQW�WKHRULHV�UHOHYDQW�WR�VWXG\LQJ�GULYHU�EHKDYLRXU� VHH�7DEOH�����

7DEOH ���� $ FRPSDULVRQ�RI �WKHRULHV�XVHG�WR�VWXG\�DQG�GHVFULEH�GULYHU�EHKDYLRXU

6WDUWLQJ�SRLQW 7LPH�IUDPH /HYHO�RI �GHWDLO ,GHQWLILHG
FKDQJHV

7KUHH�FRQWURO
OHYHOV

�0LFKRQ�������������

'ULYHU�FKRLFHV 9DULHG 0DLQO\�ORZHU 9HKLFOH
EHKDYLRXU

)LHOG�RI �VDIH�WUDYHO
�*LEVRQ�DQG�&URRNV�

�����

'ULYHU�SHUFHSWLRQ ,QVWDQFHV 9HU\�ORZ %DVHG�RQ
HQLURQPHQW

-RLQW�FRJQLWLYH
V\VWHP

�H�J� +ROOQDJHO�HW DO��

�����

'ULYHU�DFWLRQV 6KRUW 0DLQO\�KLJKHU ,Q�VXE�WDVNV

&RJQLWLYH�WDVN
DQDO\VLV

�H�J� 6WDQWRQ�������

'ULYHU�GHPDQGV 6KRUW 9HU\�KLJK ,Q�VXE�WDVNV�
GHPDQGV

����� 7KUHH�OHYHOV�RI �GULYHU�EHKDYLRXU

0LFKRQ��������������FDWHJRULVHV�GULYHU�SUREOHP�VROYLQJ�DQG�EHKDYLRXU�LQWR�WKUHH�PDLQ�OHYHOV�RI
FRQWURO� VWUDWHJLF� WDFWLFDO�DQG�RSHUDWLRQDO� 7KH�VWUDWHJLF�OHYHO�FRQFHUQV�WKH�PDLQ�SODQQLQJ�VWDJH
RI �WKH�WULS�LQFOXGLQJ�URXWH�FKRLFH� WKH�JRDO�RI �WKH�WULS� DQG�HYHQ�PRGDO�FKRLFH� $W�WKH�WDFWLFDO
OHYHO� WKHUH�LV�WKH�QHJRWLDWLRQ�RI �WKH�PRUH�DFXWH�WUDIILF�VLWXDWLRQ� 7KXV� WKH�WDFWLFDO�OHYHO�DSSOLHV

��
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IRU�H[DPSOH�WR�REVWDFOH�DYRLGDQFH� JDS�DFFHSWDQFH� RYHUWDNLQJ�DQG�WXUQLQJ� 7KHVH�WDFWLFDO�JRDOV
DUH�DGDSWHG�WR�WKH�VWUDWHJLF�JRDOV� DQG�PD\�DOVR�DGDSW�WKH�VWUDWHJLF�JRDOV�WR�ILW�PRUH�DFXWH�WDFWLFDO
RQHV�IRU�H[DPSOH�E\�GHFLGLQJ�RQ�D�GHWRXU�WR�KDQGOH�D�EXLOG�XS�RI �WUDIILF� /DVWO\� WKH�RSHUDWLRQDO
OHYHO�FRQFHUQV�WKH�DFWXDO�PDQXDO�FRQWURO� VXFK�DV�WXUQLQJ�WKH�ZKHHO� SUHVVLQJ�WKH�EUDNHV�DQG�VR
RQ���WKH�EDVLF�PRWRU�VNLOOV�RI �GULYLQJ� $&& SULPDULO\�DIIHFWV�PRWRU�DFWLRQV�DQG�JDS�DFFHSWDQFH�
RU�WKH�RSHUDWLRQDO�OHYHO�DQG�SDUWV�RI �WKH�WDFWLFDO�FRQWURO�OHYHO��VHH�)LJXUH������

%\� NHHSLQJ� D� VHW� VSHHG� DQG�GLVWDQFH� WR� WKH� YHKLFOH� LQ� IURQW� $&& PDQDJHV�VRPH�RI �WKH
RSHUDWLRQDO�SDUWV�RI �GULYLQJ� PDLQO\�WKRVH�RI �RSHUDWLQJ�WKH�DFFHOHUDWRU�DQG�EUDNH�SHGDO� 'XH
WR�LWV�IXQFWLRQDO�OLPLWDWLRQV� $&& FDQQRW�PDQDJH�WKHVH�SDUWV�FRPSOHWHO\�LQGHSHQGHQWO\�DQG�VR
PRUH�DFXWH�EUDNLQJ�LV�VWLOO�WKH�PDLQ�UHVSRQVLELOLW\�RI �WKH�GULYHU� 1RW�RQO\�RSHUDWLRQDO�WDVNV�DUH
KDQGOHG�E\�$&&��7KH�WDFWLFDO�WDVN�RI �JDS�DFFHSWDQFH�LV�DOVR�GHOHJDWHG�WR�WKH�V\VWHP�GXULQJ�PRVW
FDU�IROORZLQJ� $V�WKH�$&& V\VWHP�FDQQRW�GHWHFW�PRUH�DERXW�WKH�WUDIILF�VLWXDWLRQ�WKDQ�ZKDW�LV
PDGH�SRVVLEOH�E\� LWV�VHQVRUV� WKH�WDFWLFDO�GHFLVLRQ�RI �ZKHWKHU�DQ�DFWLRQ�LV�DSSURSULDWH�RU�QRW
JLYHQ�WKH�FLUFXPVWDQFHV�VWLOO�OLHV�ZLWK�WKH�GULYHU�

Adapted from Michon (1979; 1985)

Effects of  vehicle automation and driving automation

Modal choice
Route choice

Brake operation
Gear operation

Overtaking 
Obstacle avoidance
Gap acceptance

ACC
FCW

Autom transm.
ABS
CCC

GPS/route 
planner

Strategic

Tactical

Operational

)LJXUH ���� 0LFKRQ·V�WKUHH�OHYHOV�RI �FRQWURO�ZKHQ�GULYLQJ� ZKHUH�$&& SULPDULO\�DIIHFWV�WKH�RSHUDWLRQDO�DQG
WR�VRPH�GHJUHH�WKH�WDFWLFDO�OHYHO�RI �FRQWURO

7KH�RSHUDWLRQDO�WDVNV�RI �GULYLQJ�DUH�WKH�HDVLHVW�WR�DXWRPDWH� DV�KDV�DOUHDG\�EHHQ�GRQH�ZLWK
DXWRPDWLF�JHDUER[HV� $%6��DQG�&&& �FRQYHQWLRQDO�FUXLVH�FRQWURO�� 7KH�DXWRPDWLRQ�RI �RSHUD�
WLRQDO�WDVNV� KRZHYHU� DVVLJQV�WKH�WDFWLFDO�WDVN�RI �GHWHUPLQLQJ�LI �WKH�V\VWHP·V�UHVSRQVH�LV�DGHTXDWH
RU�DSSURSULDWH�WR�WKH�GULYHU��VHH�)LJXUH������

$V�WKH�$&& V\VWHP�GRHV�QRW�KDYH�VHQVRUV�WR�SHUFHLYH�VLWXDWLRQV�WKH�VDPH�ZD\�DQ�H[SHULHQFHG
GULYHU�GRHV� WKH�DXWRPDWLRQ�RI �RSHUDWLRQDO��DQG�WR�D�FHUWDLQ�GHJUHH�WDFWLFDO��WDVNV�SRVHV�FKDOOHQJHV
IRU�WKH�GULYHU� &RPSDULQJ�WKH�HYHQW�LQ�)LJXUH���� WR�WKH�HYHQW�LQ�)LJXUH����� LW�LV�FOHDU�WKDW�WZR
VLWXDWLRQV�FDQ�DSSHDU�YHU\�VLPLODU�LI �RQH�RQO\�KDV�DFFHVV�WR�D�UDGDU�DQG�QR�NQRZOHGJH�RI �WKH
URDG�RU�WKH�WUDIILF�VXUURXQGLQJV� 7KH�GULYHU�LV�WKHUHIRUH�QHHGHG�WR�GHWHUPLQH�LI �WKH�V\VWHP·V

��
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min THW

Operational

Driver:
Is ACC braking 
enough?

A
C
C

min THW

Driver:

Overtaking

Tactical #1

ACC:

Braking, THW too low

ACC:
Braking, 
THW too low

)LJXUH ���� :KHQ� WKH�PLQLPXP�7+: LV� UHDFKHG� WKH�GULYHU�QHHGV�WR�GHWHUPLQH� LI � WKH�$&& EUDNLQJ� LV
DGHTXDWH�

LQWHUSUHWDWLRQ�RI �WKH�VLWXDWLRQ� LV�FRUUHFW�RU�QRW� 6LWXDWLRQV� VXFK�DV� WKHVH� WKDW� DUH�SRWHQWLDOO\
GLIILFXOW� WR� UHVSRQG� WR� IRU� WKH� V\VWHP�ZLOO�EH�FDOOHG�ERUGHUOLQH� WUDIILF� FRQIOLFWV�RU�ERUGHUOLQH
HYHQWV� ,Q�WKHVH�VLWXDWLRQV� GULYHUV�PD\�EH�XQFHUWDLQ�RI �V\VWHP�EHKDYLRXU� DQG�LI �PDQXDO�FRQWURO
LV�QHFHVVDU\�RU�QRW�

THW: free

Driver:
Curve, keep speed/
slow down

ACC:
Accelerate, free way

THW: free

ACC:
Accelerate, free way

Driver:
Accelerate, free way

Tactical #1

Tactical #2

)LJXUH ���� 7KH�$&& YHKLFOH� HQWHUV� D� VKDUS� FXUYH� �RU� D� URXQGDERXW�� FDXVLQJ� WKH� V\VWHP� UDGDU� WR� ORVH
FRQWDFW�ZLWK�WKH�OHDG�YHKLFOH� 7KH�$&& DFFHOHUDWHV�

����� 'HOHJDWLQJ�FRQWURO

:KLOVW�$&& FDQ�EH�FRQFHLYHG�DV�EHLQJ�SDUW�RI �WKH�GULYHU·V�GLVWULEXWHG�FRJQLWLRQ� LW�LV�DOVR�D�VHS�
DUDWH�V\VWHP� $V�VXFK� LW�QHHGV�WR�EH�GHVLJQHG�DV�ZHOO�DV�SRVVLEOH�WR�FRUUHVSRQG�WR�WKH�GULYHU·V

��
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THW: free

Driver:
Curve, keep speed/
slow down

ACC:
Accelerate, free way

THW: free

ACC:
Accelerate, free way

Driver:
Accelerate, free way

Tactical #1

Tactical #2

)LJXUH ���� 7KH�OHDG�YHKLFOH�VZLWFKHV�ODQH� WKXV�PDNLQJ�WKH�$&& YHKLFOH�ORVH�UDGDU�FRQWDFW�ZLWK�LW� 7KH
$&& DFFHOHUDWHV�

LQWHQWLRQV�DQG�JRDOV� $V�SUHYLRXVO\�VWDWHG��VHH�6HFWLRQ�������� $&& KDV�DQG�DOZD\V�ZLOO�KDYH�FHU�
WDLQ�IXQFWLRQDO�OLPLWDWLRQV�VXFK�DV�WHFKQLFDO�OLPLWDWLRQV�RI �LWV�VHQVRUV� DQG�D�ODFN�RI �XQGHUVWDQGLQJ
RI �WKH�WUDIILF�VLWXDWLRQ�DW�ODUJH� :KHQ�FRQWURO�LV�GHOHJDWHG�WR�$&&��LW�PD\�EH�XQFOHDU�ZKDW�WKH
GULYHU�FDQ�GR�WR�LGHQWLI\� KDQGOH� DQG�ZRUN�ZLWK�LWV�VKRUWFRPLQJV�EXW�DOVR�LWV�VWUHQJWKV� 3UREOHPV
ZLWK�WKH�V\VWHP·V�VHQVRUV�IRU�H[DPSOH� PD\�QRW�EH�DSSDUHQW�H[FHSW�LQ�YHU\�EDG�ZHDWKHU� EXW�$&&
FRXOG�DOVR�SRWHQWLDOO\�EH�XVHG�LQ�VRPHZKDW�OHVV�DGYHUVH�ZHDWKHU�WR�PDLQWDLQ�D�VDIH�GLVWDQFH�LQ
SRRU�YLVLELOLW\�

7R�PDNH�IXOO�XVH�RI �WKH�DXWRPDWLRQ� LW�QHHGV�WR�EH�DOORZHG�WR�DFFRPSOLVK�LWV�WDVNV�ZLWKRXW
FRQVWDQW�LQWHUIHUHQFH� :RUNLQJ�ZLWK�DXWRPDWLRQ�FRXOG�WKXV�EH�FRQFHLYHG�DV�GHOHJDWLQJ�FHUWDLQ
WDVNV�WR�LW� DQG�DOORZLQJ�LW�WR�FRQWURO�WKRVH�WDVNV�DQG�UHJXODWH�WKHP�LWVHOI� 7R�XQGHUVWDQG�WDVN
GHOHJDWLRQ�IURP�D�PRUH�QHHGV�EDVHG�SHUVSHFWLYH� LQVWHDG�RI �ILQGLQJ�VROXWLRQV�WR�VSHFLILF�LQWHUDF�
WLRQ�GHVLJQ�SUREOHPV� WKH�PRUH�JHQHUDO�LVVXHV�IDFHG�ZKHQ�GHOHJDWLQJ�WDVNV�QHHG�WR�EH�LGHQWLILHG�
&DVWHOIUDQFKL�DQG�)DOFRQH��������SURSRVH�D�PRGHO�RI �FRRSHUDWLYH�EHKDYLRXU�DQG�WDVN�GHOHJD�
WLRQ�EHWZHHQ�DJHQWV� 7KLV�PRGHO�VSHFLILFDOO\�HPSKDVLVHV�WKH�PRUH�FRPPXQLFDWLYH�DQG�KXPDQ
DVSHFWV�RI �GHOHJDWLRQ� DQG�GRHV�QRW�UHTXLUH�D�VWXG\�RI �WKH�WUDQVIHU�RI �LQIRUPDWLRQ�RU�WKH�GHWDLOV
LQ�DFFRPSOLVKLQJ�RQH�WDVN�DORQH� 7KH�DGYDQWDJH�RI �XVLQJ�WKLV�WKHRU\� LQVWHDG�RI �RWKHUV� LV�WKH
IRFXV�RQ�WKH�UHODWLYH�LQGHSHQGHQF\�RI �WKH�WZR�SDUWLHV� &DVWHOIUDQFKL�DQG�)DOFRQH�VSHFLI\�W\SHV�RI
FRPPXQLFDWLRQ�DQG�XQGHUVWDQGLQJ�WKDW�DUH�QHFHVVDU\�LQ�RUGHU�WR�DFKLHYH�RSWLPXP�FRRSHUDWLRQ�
VRPHWKLQJ�QRW�FRYHUHG�LQ�RWKHU�WKHRULHV�RQ�FRJQLWLYH�V\VWHPV�

&DVWHOIUDQFKL�DQG�)DOFRQH�GHVFULEH�GHOHJDWLRQ�LQ�EURDG�WHUPV�DV�WKH�DFWLRQ�RI �WUXVWLQJ�DQ�
RWKHU�DJHQW�WR�SHUIRUP�D�WDVN��&DVWHOIUDQFKL�DQG�)DOFRQH��������&DVWHOIUDQFKL��������)DOFRQH�DQG
&DVWHOIUDQFKL�������������� 7KHLU�PRGHO�SULPDULO\�GHVFULEHV�WDVN�GHOHJDWLRQ�DV�VRPHWKLQJ�SRV�
VLEOH�EHWZHHQ�JRDO�GLUHFWHG�DJHQWV� DJHQWV�WKDW�UHJXODWH�WKHLU�DFWLRQV�EDVHG�RQ�IHHGEDFN�RI �WKH
UHVXOWV� )RU�YHKLFOH�DXWRPDWLRQ� ERWK�WKH�GULYHU�DQG�WKH�$&& V\VWHP�KDYH�D�MRLQW�JRDO� .HHSLQJ�D
VSHHG�XS�WR�D�VHW�PD[LPXP�ZLWKRXW�FRPLQJ�WRR�FORVH�WR�WKH�YHKLFOH�LQ�IURQW� $&& FDQ�WKHUHIRUH
EH�FRQFLHYHG�DV�QRW�PHUHO\�D�WRRO� EXW�PRUH�OLNH�DQ�DJHQW� ,W�LV�FDSDEOH�RI �KDQGOLQJ�LWV�WDVNV
LQGHSHQGHQWO\� ZLWKRXW�WKH�GULYHU·V�FRQVWDQW�LQSXW�

7KH�IUDPHZRUN�E\�&DVWHOIUDQFKL�DQG�)DOFRQH�DVVXPHV�WKDW�ERWK�SDUWLHV�DUH�QRW�RQO\�JRDO�
GLUHFWHG�EXW�DOVR�FRJQLWLYH�DJHQWV� 7KDW�LV� DJHQWV�WKDW�KDYH�DQ�LQWHUQDO�UHSUHVHQWDWLRQ�RI �EHOLHIV
WKDW�FDQ�EH�PDQLSXODWHG�JHQHUDWHG�DQG�UHDVRQHG�DERXW� $&& LV�QRW�DQ�H[DPSOH�RI �D�FRJQLWLYH

��
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DJHQW� QRU� LV� WKLV�WKHVLV�DUJXLQJ�WKDW�$&& RU�VLPLODU�V\VWHPV�ZLOO�EH�FRJQLVDQW� LQ�WKH�FRPLQJ
\HDUV� 3HRSOH�ZRUNLQJ�LQ�WHDPV�ZLWK�DXWRPDWLRQ�GR�QRW�PDNH�WKLV�GLVWLQFWLRQ�EHWZHHQ�FRJQLWLYH
DQG�QRQ�FRJQLWLYH�JRDO�GLUHFWHG�DJHQWV� WKRXJK� ,QVWHDG� SHRSOH�EHKDYH�WRZDUGV�DXWRPDWLRQ�WKH
VDPH�ZD\�DV�WR�KXPDQV� LQ�WHUPV�RI �FRRUGLQDWLRQ�DQG�VLPLODU�VRFLDO�DFWLRQV� LI �WKH\�DUH�SHUFHLYHG
WR�VKDUH�WKH�VDPH�JRDOV��1DVV�HW DO��������� :KHQ�ZRUNLQJ�ZLWK�FRPSOH[�V\VWHPV� D�KHXULVWLF
DSSURDFK�OLNH�DSSURDFKLQJ�WKH�V\VWHP�DV�DQ�LQWHQWLRQDO�DJHQW�PD\�DOVR�EH�PRUH�SUDFWLFDO�IRU�WKH
XVHU�LQ�H[SODLQLQJ�DQG�SUHGLFWLQJ�LWV�EHKDYLRXU�WKDQ�DQ�LQFRPSOHWH�GHVFULSWLRQ�RI �WKH�V\VWHP·V
ZRUNLQJV��:RROGULGJH�DQG�-HQQLQJV�������� :LWK�FRPSOH[�V\VWHPV�VXFK�DV�$&&��D�FRPSOHWH
XQGHUVWDQGLQJ�DQG�GHVFULSWLRQ�RI �D�V\VWHP�LV�QRW�SRVVLEOH�WR�DFKLHYH�DQ\ZD\� DV� WKH�V\VWHP·V
EHKDYLRXU�GHSHQGV�RQ�WRR�PDQ\�IDFWRUV�DQG�GDWD�VRXUFHV�IRU�D�IXOO�SUHGLFWLRQ�RI �LWV�EHKDYLRXU
LQ�DOO�FLUFXPVWDQFHV�

'HWHUPLQLQJ�ZKDW�FDQ�EH�GHOHJDWHG :KHQ�DOORZLQJ�D�V\VWHP�WR�UHJXODWH�VRPH�DVSHFWV�RI
GULYLQJ� WKHUH�QHHGV�WR�EH�DQ�HOHPHQW�RI �IDLWK�LQ�WKH�V\VWHP·V�DELOLW\�WR�DFFRPSOLVK�LWV�WDVN�LQ�D
SDUWLFXODU�VLWXDWLRQ� )DOFRQH�DQG�&DVWHOIUDQFKL��������WDNH�WKH�YLHZ�WKDW�WDVN�GHOHJDWLRQ�LV�WKH
DFWLRQ�RI �WUXVWLQJ�DQRWKHU�DJHQW�WR�GR�D�VSHFLILF�WDVN� 7KLV�DFWLRQ�RI �WUXVWLQJ�LV�QRW�QHFHVVDULO\
RQO\�JURXQGHG�LQ�NQRZOHGJH�RI �ZKDW�WKH�RWKHU�DJHQW��RU�V\VWHP��LV�FDSDEOH�RI� RU�ZKDW�LW�´XQGHU�
VWDQGVµ� 5DWKHU� LW�LV�EDVHG�RQ�D�FRPELQDWLRQ�RI �WKH�VDIHW\�DQG�UHOLDELOLW\�RI �WKH�HQYLURQPHQW�DQG
FLUFXPVWDQFHV�VXUURXQGLQJ�WKH�DFWLRQ� WKH�UHOLDELOLW\�RI �WKH�RWKHU�DJHQW� DV�ZHOO�DV�KRZ�FRQYH�
QLHQW�LW�LV�WR�WUXVW�WKH�RWKHU�DJHQW�LQ�WKH�FXUUHQW�VLWXDWLRQ� 7R�DFKLHYH�GHOHJDWLRQ� WUXVW�LV�WKHUHIRUH
QHFHVVDU\�EXW�QRW�VXIILFLHQW�DV�SUHIHUHQFHV�DQG�FRQYHQLHQFHV�DUH�DOVR�WDNHQ�LQWR�DFFRXQW�

2QFH�GHFLGLQJ�WR�PDNH�XVH�RI �D�V\VWHP� WKH�ILUVW�VWHS�EHIRUH�WDVN�GHOHJDWLRQ�LV�FRRUGLQDWLRQ
DFFRUGLQJ�WR�&DVWHOIUDQFKL�������� &RRUGLQDWLQJ�DFWLRQV�FDQ�EH�DFFRPSOLVKHG�LQ�D�UDQJH�RI �GLI�
IHUHQW�ZD\V� IURP�SDVVLYHO\�ZDLWLQJ�IRU�VRPHWKLQJ�WR�KDSSHQ�WR�DFWLYHO\�QHJRWLDWLQJ�WKH�WHUPV�RI
WKH�WDVN�GHOHJDWLRQ� :LWK�$&&��DOO�WKHVH�W\SHV�RI �FRRUGLQDWLRQ�DUH�QRW�SRVVLEOH� 7KH�GULYHU�FDQ
RQO\�DGMXVW�KHU�RZQ�SODQ�WR�DFFRPPRGDWH�WKH�V\VWHP·V�EHKDYLRXU� RU�GHDFWLYDWH�WKH�V\VWHP�WR
PDNH�LW�DEDQGRQ�LWV�JRDO� &KDQJLQJ�WKH�$&& V\VWHP·V�JRDO�RXWVLGH�WKDW�RI �WKH�VHWWLQJV�DYDLODEOH
WR�WKH�GULYHU�LV� KRZHYHU� QRW�SRVVLEOH� %RWK�SRVLWLYH�DQG�QHJDWLYH�LQWHUIHUHQFH�IURP�WKH�$&&
V\VWHP�FDQ�EH�H[SHULHQFHG�DW�WKH�WDFWLFDO�DQG�WKH�RSHUDWLRQDO�OHYHOV��VHH�DOVR�´0RQRWRULQJ�GHOH�
JDWHG�WDVNVµ� DKHDG�� $GDSWLQJ�WR�WKH�DFWLRQV��RU�LQWHUIHUHQFH��E\�DQRWKHU�DJHQW�GRHV�QRW�LQYROYH
DFWLYH�SDUWLFLSDWLRQ�LQ�WKH�RWKHU� ZKHUHDV�WKH�LQWURGXFWLRQ�RI �DQ�DFWLRQ�RU�WKH�FHDVLQJ�WKHUHRI �LV
DFFRPSOLVKHG�RQO\�E\�WDNLQJ�DFWLRQ�WRZDUGV�WKH�RWKHU� :LWK�$&&��DGDSWLRQ�WR�WKH�V\VWHP�FRXOG
EH�H[HPSOLILHG�E\�DYRLGLQJ�WR�XVH�WKH�EUDNH�DW�WKH�H[DFW�WLPH�RQH�ZRXOG�SUHIHU�WR� DV�RQH�NQRZV
WKDW�WKH�V\VWHP�ZLOO�UHVSRQG�VKRUWO\� 7KH�LQGXFWLRQ�RI �DFWLRQ�RQ�WKH�RWKHU�KDQG�LV�DFFRPSOLVKHG
E\�VZLWFKLQJ�RQ�WKH�V\VWHP� UHJXODWLQJ�WKH�VHW�VSHHG� RU�PRYLQJ�WR�WKH�RXWHU�ODQH�LQ�RUGHU�WR�JR
IDVWHU� ,Q�&DVWHOIUDQFKL·V�YLHZ� LW�LV�QRW�GHOHJDWLRQ�XQWLO�RQH�DJHQW�WULHV�WR�LQGXFH�D�VSHFLILF�DFWLRQ
�RU�DYRLGDQFH�RI �DFWLRQ��LQ�DQRWKHU� 2WKHUZLVH� WKHUH�PHUHO\�LV�FRRUGLQDWLRQ�

7KH�GULYHU�GHOHJDWHV�GLVWDQFH�DQG�VSHHG�NHHSLQJ�WR�$&& E\�SUHVVLQJ�D�EXWWRQ�WR�VWDUW�WKH
$&&��QRW�E\�DVNLQJ�IRU�DJUHHPHQW� &RPSOHWH�GHOHJDWLRQ�LV�QRW�SRVVLEOH�DV�WKH�V\VWHP�LV�QRW�DZDUH
WKDW�WKH�GULYHU�LQWHQGV�WR�H[SORLW�LWV�DFWLRQV� LW�FDQQRW�IXOO\�DGRSW�WKH�GULYHU·V�JRDOV� 'ULYHUV�DOVR
KDYH�VHYHUDO�SRWHQWLDOO\�FRQIOLFWLQJ�JRDOV� DOO�LQ�YDULRXV�ZD\V�GLUHFWLQJ�WKHLU�SULRULWLHV�ZKHQ�GULYLQJ
�VHH�)LJXUH������ 6XFK�KLJKHU�OHYHO�JRDOV�DUH�QDWXUDO�WR�KXPDQV� EXW�ZRXOG�QHHG�WR�EH�H[SOLFLWO\
VWDWHG�DQG�SURJUDPPHG�LQWR�D�FRPSXWHU�V\VWHP� $Q\�VXFK�LPSOLFLW�DVSHFWV�RI �WDVN�GHOHJDWLRQ
PD\�EH�PLVVHG�E\�WKH�V\VWHP� DV�WKH�GHVLJQHU�FDQQRW�WKLQN�RI �DOO�SRVVLEOH�XVHV��RU�µPLVµ�XVHV� FI�
3DUDVXUDPDQ��������RI �WKH�V\VWHP�
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Driver goals

Safety

Arrive at target Comfort

Scenery

Fuel economy

Speed

Time

Social factors

...and more

Habit

)LJXUH ���� 6RPH�RI �WKH�JRDOV�GLUHFWLQJ�GULYHU�SULRULWLHV

:LWK�DQ\�V\VWHP�GHVLJQHG�E\�D�KXPDQ� GHVLJQHUV�DQG�HQJLQHHUV�GHFLGH�ZKDW�LV�WR�EH�GHO�
HJDWHG�DQG�KRZ��+RF�������� 6\VWHP�GHVLJQHUV�GHFLGH�RQ�FXW�RII �OHYHOV�DQG�ZKHQ�WR�WUXVW�RU
QRW�WUXVW�WKH�VHQVRUV� DQG�LW�ZLOO�EH�XS�WR�WKH�RSHUDWRU�GULYHU�WR�OHDUQ�DERXW�WKHVH�OLPLWDWLRQV�
7KXV� ZKDW�WKH�GULYHU�EHOLHYHV�WR�EH�GHOHJDWHG�PD\�QRW�QHFHVVDULO\�EH�ZKDW�WKH�V\VWHP�GHVLJQHU
HQYLVLRQV��&DVWHOIUDQFKL�DQG�)DOFRQH�������� &RQVLGHU�WKLV�H[DPSOH� $V�WKH�WDVN�RI �$&& LV�WR
NHHS�WKH�GLVWDQFH�WR�D�OHDG�YHKLFOH� LW�ZRXOG�QRW�EH�XQUHDVRQDEOH�WR�DVVXPH�WKDW�WKH�V\VWHP�FRXOG
KDQGOH�WKH�OHDG�YHKLFOH�SUHVVLQJ�WKH�EUDNH�YHU\�KDUG� 6XFK�DQ�HYHQW� KRZHYHU� GHSHQGV�RQ�WKH
VSHFLILFDWLRQ�RI �WKH�V\VWHP� DV�ZHOO�DV� WKH�FXUUHQW� WLPH�KHDGZD\�DQG�WKH�VSHHG�ERWK�YHKLFOHV
DUH�WUDYHOOLQJ�DW� 7KH�$&& V\VWHP�FDQQRW�PDNH�D�FKDQJH�LQ�LWV�EUDNLQJ�SRZHU�HYHQ�LI �LW�RIWHQ
HQFRXQWHUV�VXFK�VLWXDWLRQV� DQG�WKH�GULYHU�FDQ�RQO\�GHWHUPLQH�V\VWHP�OLPLWV�E\�WULDO�DQG�HUURU�
6RPH�XQGHUVWDQGLQJ�RI �V\VWHP�OLPLWDWLRQV�DQG�EHKDYLRXU�LQ�VLWXDWLRQV�FDQ�EH�DFKLHYHG�E\�WULDO
DQG�HUURU� EXW�LW�LV�OLNHO\�WKDW�WKH�GULYHUV·�XQGHUVWDQGLQJ�LV�LPSUHFLVH�GXH�WR�WKH�PDQ\�YDULDEOHV
SUHVHQW�

8SRQ�DFWLYDWLRQ� $&& NHHSV�D�PD[LPXP�VHW�VSHHG�DQG�PLQLPXP�VHW�GLVWDQFH�WR�WKH�YHKLFOH
LQ�IURQW� WKHVH�EHLQJ�WKH�PDLQ�JRDOV�RI �WKH�V\VWHP� 7KH�$&&��KRZHYHU� KDV�QR�ZD\�RI �NQRZLQJ
ZKHWKHU�WKH�GULYHU�LV�SUHVHQWO\�SULRULWLVLQJ�VSHHG� VDIHW\�RU�VRPHWKLQJ�FRPSOHWHO\�GLIIHUHQW��VHH
)LJXUH������ 7KHUH�LV�QR�FRPPXQLFDWLRQ�EHWZHHQ�WKH�GULYHU�DQG�WKH�$&& V\VWHP�DERXW�ZKDW�WKH
VLWXDWLRQ�FDOOV�IRU� WKHUHE\�PDNLQJ�WKH�GULYHU·V�XQGHUVWDQGLQJ�RI �ZKLFK�WDVNV�DUH�GHOHJDWHG�OHVV
FOHDU� 'ULYHUV�FDQ�WKHUHIRUH�DVVXPH�WKDW�PRUH�WDVNV�KDYH�EHHQ�GHOHJDWHG�WKDQ�LV�UHDOLW\� DV�QR
FRQILUPDWLRQ�FDQ�EH�KDG�IURP�WKH�V\VWHP� )RU�LQVWDQFH� $&& V\VWHPV�KDYH�D�PD[LPXP�EUDNH
IRUFH� DQG�FDQQRW�DSSO\�IXOO�EUDNLQJ�IRUFH�LQ�WKH�FDVH�RI �LPPLQHQW�FROOLVLRQ� ,Q�RUGHU�WR�DGDSW
PRUH�WR�WKH�GULYHU·V�WDFLW�JRDO�RI �VDIHW\� $&& LV�JHQHUDOO\�EXQGOHG�ZLWK�IRUZDUG�FROOLVLRQ�ZDUQLQJ
�)&:���7KURXJK�WKLV�EXQGOH� WKH�DFWLYDWLRQ�RI �$&& DOVR�HQWDLOV�EHLQJ�ZDUQHG�DERXW�SRVVLEO\
GULYLQJ�LQWR�RWKHU�YHKLFOHV� VXFK�WKDW�WKH�GULYHU�LV�PDGH�DZDUH�RI �WKH�QHHG�WR�LQWHUYHQH� 7KURXJK
D�VROXWLRQ�OLNH�WKDW� WKH�V\VWHP�HPXODWHV�D�PRUH�FRPSOHWH�GHOHJDWLRQ� EHKDYLQJ�PRUH� LQ�WXQH
ZLWK�GULYHU�JRDOV� 2WKHU�JRDOV� OLNH�VRFLDO�IDFWRUV�RU�KDELW� FDQ�EH�PRUH�GLIILFXOW�WR�DQWLFLSDWH
RU�UHVSRQG�WR�E\�V\VWHP�GHVLJQHUV� DQG�WKHUHIRUH�WKH�VXFFHVV�RI �GHOHJDWLRQ�UHOLHV�RQ�WKH�GULYHU
NQRZLQJ�ZKDW�WR�H[SHFW�IURP�WKH�V\VWHP�

$V�SUHYLRXVO\�VWDWHG� LW�LV�OLNHO\�WKDW�GULYHUV�FRQVWUXFW�KHXULVWLFV�WR�FRSH�ZLWK�V\VWHP�DFWLRQV�
7KH�GULYHU�LV�WKH�RQO\�RQH�WKDW�FDQ�DGDSW� DQG�QHHGV�WR�IRUP�VWUDWHJLHV�WR�HQDEOH�XVLQJ�WKH�V\VWHP
WR�KHU�RU�KLV�OLNLQJ� GHVSLWH�SHUKDSV�QRW�XVLQJ�WKH�V\VWHP�WR�LWV�IXOO�SRWHQWLDO�

&RRUGLQDWLQJ�DQG�FRRSHUDWLQJ�ZLWK�$&& ,W�PD\�EH�WHPSWLQJ�WR�FKDUDFWHULVH�GULYHU�XV�
DJH�RI �DXWRPDWLRQ�DV�µFRRSHUDWLRQµ�ZLWK�DXWRPDWLRQ� EXW�LQ�)DOFRQH�DQG�&DVWHOIUDQFKL·V�������

��
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YLHZ�WKH�SRVVLELOLW\�RI �GRLQJ�VR�LV�OLPLWHG�E\�WKH�FDSDFLWLHV�RI �WKH�DJHQWV�LQYROYHG� )RU�HIILFLHQW
FRRUGLQDWLRQ�DQG�DFWXDO�FRRSHUDWLRQ� WKH�DJHQWV�QHHG�WR�EH�DZDUH�RI �HDFK�RWKHU·V�JRDOV��)DOFRQH
DQG�&DVWHOIUDQFKL�������� 7KHQ� DQG�RQO\�WKHQ� FDQ�WKH\�FRRUGLQDWH�SURDFWLYHO\�DQG�PXWXDOO\
DQG�DFKLHYH�FRRSHUDWLRQ� 7RGD\·V�GULYHU�DVVLVWDQFH�V\VWHPV�KDYH�QR�PLQG�RI �WKHLU�RZQ� DQG�DUH
PHUHO\�UHDFWLYH�LQ�WKHLU�DWWHPSWV�WR�UHVSRQG�WR�FKDQJHV�LQ�WKH�RXWVLGH�HQYLURQPHQW� 6\VWHPV
ZLWK�PLQGV�RI �WKHLU�RZQ�DUH�DOVR�XQOLNHO\�LI �WKH�V\VWHPV�DUH�VXSSRVHG�WR�EH�XVHG�LQ�WUDIILF�ZKHUH
YHKLFOHV�RSHUDWHG�E\�KXPDQV�DUH�GULYLQJ� 7KH�VHQVRUV�XVHG�E\�WKH�$&& V\VWHPV�DUH�RQO\�GLUHFWHG
RXWZDUGV� WR�WKH�ZRUOG�RXWVLGH�WKH�YHKLFOH� VR�WKH�V\VWHP�FDQ�RQO\�UHVSRQG�WR�WKH�H[WHUQDO�ZRUOG
DQG�QRW�WR�WKH�KXPDQ�RSHUDWRU�RWKHU�WKDQ�WKH�VHWWLQJV�PHQWLRQHG�LQ�)LJXUH����� $&& LV�WKHUHIRUH
QRW�DEOH�WR�FRRUGLQDWH�ZLWK�WKH�GULYHU� EXW�LV�ZKROO\�GHSHQGHQW�RQ�WKH�GULYHU·V�XQGHUVWDQGLQJ�RI
WKH�V\VWHP·V�JRDOV�DQG�WKH�GULYHU·V�DELOLW\�WR�DGDSW�WR�WKH�V\VWHP�

ACC
controls

Driver
controls

- Cut-off  levels
- What vehicle to follow
- Deceleration and acceleration 

behaviour
- What can be delegated

- Minimum THW within range
- Maximum speed
- System active/inactive
- System override

Meta-
cooperation

Coordination

Action

Inference management

- Form and adapt agent models
- Form and adapt communication

- Monitor actions
- Establish roles

- Minimal anticipation
- Short-term, locally

Adapted from Hoc (2001) and Hoc et al. (2009)

)LJXUH ���� 7KH�LWHPV�FRQWUROOHG�E\�$&&��DQG�ZKDW�WKH�GULYHU�FDQ�FRQWURO�

$ QRQ�FRJQLVDQW�V\VWHP�FDQ�RQO\�EH�SURDFWLYH�LI �LW�KDV�FRPSOHWH�NQRZOHGJH�RI �WKH�ZRUOG� DV
LW�FDQQRW�RWKHUZLVH�SHUFHLYH�YLVXDO�VLJQDOV�VXFK�DV�WXUQLQJ�LQGLFDWRUV�RU�EUDNH�OLJKWV�RI �D�YHKLFOH
IDU�DKHDG� 6XFK�µXQGHUVWDQGLQJµ�LV�RQO\�SRVVLEOH�LI �WKH�ZRUOG�LW�RFFXSLHV�LV�DUWLILFLDO�DQG�IXOO\
GHILQHG��ZLWK�SOHQW\�RI � LQIUDVWUXFWXUH�FRPPXQLFDWLRQ�� DQG�RQH�ZKHUH� V\VWHP�FRQWURO� LV� WKH
RQO\�FRQWURO�DYDLODEOH� ,I �DUWLILFLDO�V\VWHPV�DQG�KXPDQV�DUH�PL[HG� WKHUH�ZLOO�DOZD\V�EH�D�FDVH
ZKHUH�KXPDQV�EHKDYH�LQ�ZD\V�WKDW�DXWRPDWLRQ�FDQQRW�DQWLFLSDWH� RU�ZKHUH�DXWRPDWLRQ�EHKDYHV
LQ�D�ZD\�KXPDQV�GLVOLNH� $V�WKLV�KLJKO\�VSHFLILHG�ZRUOG�GRHV�QRW�H[LVW� WKH�V\VWHP�LV�GHSHQGHQW
RQ�WKH�GULYHUV·�DELOLW\�WR�DQWLFLSDWH�HYHQWV�DQG�FRRUGLQDWH�WKHLU�DFWLRQV�WR�WKRVH�RI �WKH�V\VWHP�
$GGLWLRQDOO\� GULYHUV�FDQ�RQO\�DGMXVW� V\VWHP�EHKDYLRXU�ZLWKLQ�D� VPDOO� IXQFWLRQDO�HQYHORSH� DV
WKHUH�DUH�OLPLWV�WR�ZKDW�V\VWHP�GHVLJQHUV�DOORZ�GULYHUV�FRQWURO�RYHU� 'ULYHUV�KDYH�QR�SRZHU�RYHU
V\VWHP�ORJLF�RU�JRDOV� EXW�RQO\�RYHU�DFWLYDWLQJ�RU�GHDFWLYDWLQJ�WKH�V\VWHPV� DQG�VHWWLQJ�WKH�WLPH
KHDGZD\�DQG�PD[LPXP�VSHHG��VHH�)LJXUH������

0RQLWRULQJ�GHOHJDWHG�WDVNV :KHQ�D�WDVN�LV�GHOHJDWHG� WKHUH�LV�DOVR�WKH�TXHVWLRQ�RI �FRQ�
WUROOLQJ�WKDW�WKH�DFWLRQV�DUH�DSSURSULDWH�JLYHQ�WKH�VLWXDWLRQ��)DOFRQH�DQG�&DVWHOIUDQFKL��������
:LWK�$&&��WKH�GULYHU�ZLOO�QHHG�WR�GHOHJDWH�WKH�FRQWLQXRXV�FRQWURO�RI �GLVWDQFH�PDQDJHPHQW�WR
D�FHUWDLQ�GHJUHH�LQ�RUGHU�WR�PDNH�XVH�RI �WKH�V\VWHP� 7KLV�OHDYHV�WKH�GULYHU�KDYLQJ�WR�IRFXV�RQ
LGHQWLI\LQJ�GLVWXUEDQFHV�DQG�VLWXDWLRQV�LQ�ZKLFK�WKH�V\VWHP�PD\�QRW�DFW�LQ�DQ�LGHDO�ZD\�

'ULYHUV�FDQ�UHVSRQG�WR�ERUGHUOLQH�FRQIOLFWV�LQWHUIHULQJ�ZLWK�WKHLU�JRDOV�RQ�WKUHH�OHYHOV��VHH
)LJXUH������ WKH�DFWLRQ�OHYHO� SODQQLQJ�OHYHO� DQG�PHWD�FRRSHUDWLRQ�OHYHO��+RF��������+RF�HW DO��

��
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������ 7KHVH�OHYHOV�EURDGO\�FRUUHVSRQG�WR�0LFKRQ·V�RSHUDWLRQDO� WDFWLFDO�DQG�VWUDWHJLF�OHYHOV� 2Q
WKH�DFWLRQ��RSHUDWLRQDO��OHYHO� LQWHUIHUHQFH�PDQDJHPHQW�WDNHV�SODFH�ZLWK�PLQLPDO�DQWLFLSDWLRQ�
ORFDOO\�DQG�LQ�WKH�VKRUW�WHUP� E\�UHDFWLQJ�WR�VXGGHQ�VWLPXOL�VXFK�DV�D�)&: ZDUQLQJ�RU�XQFRP�
IRUWDEOH�DFFHOHUDWLRQ� 2Q�WKH�SODQQLQJ��WDFWLFDO��OHYHO� FRRUGLQDWLRQ�LV�PDQDJHG�LQ�WKH�PHGLXP
WHUP�E\�WKH�PRQLWRULQJ�RI �DFWLRQV�DQG�HVWDEOLVKPHQW�RI �UROHV� :LWK�$&&��WKLV�FDQ�FRUUHVSRQG
WR�D�GHWHUPLQDWLRQ�WR�DOORZ�WKH�V\VWHP�WR�KDQGOH�VLWXDWLRQV�ZKHUH�WKH�$&& YHKLFOH�LV�RYHUWDNHQ�
HQDEOLQJ� LW� WR� UHJXODWH� WKH� VSHHG� DQG�GLVWDQFH� WR� WKH�QHZ� OHDG�YHKLFOH� /DVWO\� RQ� WKH�PHWD�
FRRSHUDWLRQ��VWUDWHJLF��OHYHO�DJHQWV�IRUP�DQG�DGDSW�WKHLU�PRGHOV�DERXW�HDFK�RWKHU�DQG�DERXW�WKH
FRPPXQLFDWLRQ� %\�DJUHHLQJ�RQ�D�PHDQLQJ�IRU�D�QHZ�FRGH�RU�VLJQDO� WKH�RXWFRPHV�RQ�WKLV�OHYHO
DUH�XVHG�WR�IDFLOLWDWH�WKH�DFWLRQV�RQ�SUHYLRXV�OHYHOV� :LWK�$&&��WKLV�W\SH�RI �FRRSHUDWLYH�UHVSRQVH
LV�QRW�SRVVLEOH�DV�LW�UHTXLUHV�WKDW�WKH�V\VWHP�LV�DEOH�WR�OHDUQ�DQG�XQGHUVWDQG�ZKDW�WKH�GULYHU�LV
GRLQJ�

ACC
controls

Driver
controls

- Cut-off  levels
- What vehicle to follow
- Deceleration and acceleration 

behaviour
- What can be delegated

- Minimum THW within range
- Maximum speed
- System active/inactive
- System override

Meta-
cooperation

Coordination

Action

Inference management

- Form and adapt agent models
- Form and adapt communication

- Monitor actions
- Establish roles

- Minimal anticipation
- Short-term, locally

Adapted from Hoc (2001) and Hoc et al. (2009)

)LJXUH ���� 7KUHH�OHYHOV�RI �LQWHUIHUHQFH�PDQDJHPHQW� EURDGO\�FRUUHVSRQGLQJ�WR�0LFKRQ·V�WKUHH�OHYHOV

2QO\�WKH�GULYHU�FDQ�IRUP�PRGHOV�RU�WU\�WR�ILQG�D�FRPPRQ�IUDPH�RI �UHIHUHQFH� D�QRQ�FRJQLVDQW
V\VWHP�VXFK�DV�$&& KDV�QR�VXFK�FDSDELOLWLHV� $V�D�UHVXOW� FRRSHUDWLQJ�WR�GHDO�ZLWK�ERUGHUOLQH
FRQIOLFWV�RQ�WKH�SODQQLQJ�OHYHO�DQG�WKH�PHWD�FRRSHUDWLRQ�OHYHO�LV�PRUH�GLIILFXOW�WR�DFKLHYH�ZLWK
DUWLILFLDO�V\VWHPV��DOVR�VHH�)LJXUH������ ,QVWHDG� WKH�GULYHU�KDV�WR�DGDSW�WR�V\VWHP�EHKDYLRXU�DW�WKH
SODQQLQJ��WDFWLFDO��OHYHO� UDWKHU�WKDQ�H[SOLFLWO\�DJUHHLQJ�ZKHQ�$&& VKRXOG�KDQGOH�DQ�HYHQW� DQG
ZKHQ�WKH�GULYHU�VKRXOG�

7KH�HIIHFW�RI �H[SHULHQFH 3UHYLRXV�H[SHULHQFH�GLUHFWV�ZKDW�LV�VHHQ�DV�LPSRUWDQW�DQG�GDQJHU�
RXV� (YDOXDWLQJ�WKH�RXWFRPH�RI �DQ�DFWLRQ� VXFK�DV�DOORZLQJ�WKH�V\VWHP�WR�KDQGOH�DQ�HYHQW� LQ
WXUQ�EXLOGV�QHZ�H[SHULHQFHV�WKDW�GLUHFW�DWWHQWLRQ�DV�ZHOO�DV�GULYHU�DFWLRQV��VHH�DOVR�6HFWLRQ �����
RQ�SDJH ��� ,I �WKH�$&& VXFFHVVIXOO\�KDQGOHV�D�VLWXDWLRQ� WKH�GULYHU·V�PRQLWRULQJ�LQ�VLPLODU�VLW�
XDWLRQV�PD\�EH�GLIIHUHQW�WKDQ�LQ�QHZ�VLWXDWLRQV�WKDW�WKH�GULYHU�KDV�QRW�SUHYLRXVO\�H[SHULHQFHG
ZLWK�$&&��:KLFK�ERUGHUOLQH�FRQIOLFWV�UHOHYDQW�WR�$&& WKDW�GULYHUV�DUH�DEOH�WR�DQWLFLSDWH� DUH
WKHUHIRUH�GHSHQGHQW�RQ�WKH�H[SHULHQFHV�WKH\�KDYH�KDG�ZLWK�DQG�ZLWKRXW�WKH�V\VWHP�

:LWK�WRGD\·V�V\VWHPV� LQWHUIHUHQFH�RQ�WKH�SODQQLQJ�OHYHO�H[WHQGV�WR�GULYHUV�IRUPLQJ�DQ�XQ�
GHUVWDQGLQJ�RI �WKH�$&& V\VWHP·V�IUDPH�RI �UHIHUHQFH� IXQFWLRQDO� OLPLWDWLRQV� DQG�RI �IXQFWLRQ
GHOHJDWLRQ� 6XFK�XQGHUVWDQGLQJ�LV�QRW�VWUDLJKWIRUZDUG� EXW�QHHGV�FODULW\�LQ�WKH�FRPPXQLFDWLRQ
RI �DFWLRQV�DQG�VWDWXV�E\�WKH�V\VWHP� DV�ZHOO�DV�H[WHQVLYH�H[SHULHQFH�ZLWK�WKH�V\VWHP�LQ�YDULRXV�FLU�
FXPVWDQFHV�WR�OHDUQ�LWV�EHKDYLRXUV�DQG�DFWLRQV� 2QO\�WKHQ�FDQ�D�PRUH�XVDEOH�PRGHO�EH�IRUPHG

��
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Cognisant
system

Delegation - Can agree explicitly
- Adopts goal
- Can renegotiate tasks

- Can emulate agreement
- ”Unaware” of  exploitation
- Has a pre-programmed task

Control - Interprets situations based 
on experience

- Forms dynamic models 
about the world

- Can form a common frame 
of  reference

- Knows only what its sensors and 
algorithms tell it

- Has a set image of  the world 
dependent on its programming

- Has its own frame of  reference, can 
communicate it if  well-made

Non-cognisant
system

)LJXUH ���� 7KH�GLIIHUHQFH�EHWZHHQ�GHOHJDWLQJ�FRQWURO�WR�D�FRJQLWLYH�DQG�D�QRQ�FRJQLWLYH�DJHQW�

DERXW�WKH�V\VWHP·V�DELOLWLHV�DQG�UHOLDELOLW\� )DOFRQH�DQG�&DVWHOIUDQFKL��������DOVR�PHQWLRQ�WKH
LPSRUWDQFH�RI �ERWK�H[SOLFLW�DQG�LPSOLFLW�FRPPXQLFDWLRQV�E\�WKH�V\VWHP� DQG�DWWULEXWLRQV�WR�WKH
UROH�RU�FDWHJRU\� WKH� V\VWHP�EHORQJV� WR� )RU�H[DPSOH� SUHYLRXV�H[SHULHQFH�RI �D�&&& V\VWHP
PD\�IDFLOLWDWH�WKH�XVH�RI �DQ�$&& V\VWHP�DV�WKH\�DUH�ERWK�YDULHWLHV�RI �FUXLVH�FRQWURO�V\VWHPV� 7KH
GULYHU·V�SUHYLRXV�H[SHULHQFH�RI �V\VWHP�DFFHOHUDWLRQ�GHFHOHUDWLRQ�RU�)&: FDQ�DOVR�LQIOXHQFH�WKHLU
DELOLW\�WR�LQWHUIHUH�LQ�ERUGHUOLQH�VLWXDWLRQV�

��� 6XPPDU\

:LWK�WKH�DGGLWLRQ�RI �$&&��GULYHUV�QR�ORQJHU�QHHG�WR�FRQVWDQWO\�UHJXODWH�WKHLU�GLVWDQFH�WR�WKH
YHKLFOH�LQ�IURQW� 6WLOO� WKH�IXQFWLRQDO�OLPLWDWLRQV�RI �WKH�V\VWHP�HQWDLOV�WKDW�$&& FDQQRW�SUHGLFW
HYHQWV�RU�XQGHUVWDQG�WKH�WDFWLFDO�VLGH�RI �GULYLQJ�HYHQ�WKRXJK�LW�DFFRPSOLVKHV�VRPH�WDFWLFDO�DFWLRQV
�VHH�6HFWLRQ ����� RQ�SDJH ���� 7KXV� WKH�GULYHU�LV�UHTXLUHG�WR�PRQLWRU�WUDIILF�WR�GHWHUPLQH�LI �$&&
UHVSRQVHV�DUH�DSSURSULDWH� 0HDQZKLOH� RQO\�WKH�$&& V\VWHP�LV�µDZDUHµ�RI �WKH�VHW�PLQLPXP
7+: DV�LW�UHODWHV�WR�GLVWDQFH� DQG�LV�PRUH�DGHSW�DW�NHHSLQJ�WKLV�GLVWDQFH�FRQVWDQW�WKDQ�LV�WKH
GULYHU� 7KH�GULYHU�LV�WKHUHIRUH�FRPSHOOHG�WR�DOORZ�WKH�V\VWHP�WR�KDQGOH�PRVW�GLVWDQFH�DQG�VSHHG
FRQWURO� LI �WKH�V\VWHP�LV�DFWLYH�

7R�GHWHUPLQH�KRZ�D�ERUGHUOLQH�WUDIILF�FRQIOLFW�XQIROGV� KRZHYHU� WKH�GULYHU�QHHGV�WR�PRQ�
LWRU� WKH�VLWXDWLRQ�PRUH�DFWLYHO\� ,Q�VXFK�VLWXDWLRQV� FRQWURO� LV�H[HUFLVHG�ZKHQ�PRQLWRULQJ�IRU
LQDSSURSULDWH�V\VWHP�EHKDYLRXU�RU�H[FHHGHG�V\VWHP�OLPLWDWLRQV��VHH�DOVR�ILJXUHV���� DQG���� LQ
6HFWLRQ�������� 7KH�DGGLWLRQ�RI �D�V\VWHP�VXFK�DV�)&: FDQ�PLWLJDWH�VRPH�RI �WKH�GLIILFXOWLHV�ZLWK
GLDJQRVLQJ�ULVN\�VLWXDWLRQV� EXW�PRVW�WDFWLFDO�GHFLVLRQV�VWLOO�UHVW�ZLWK�WKH�GULYHU�

:KHQ�GHOHJDWLQJ�FRQWURO�WR�D�IHOORZ�KXPDQ� WKH�XQGHUVWDQGLQJ�RI �JRDOV�FDQ�EH�UH�QHJRWLDWHG
DQG�WKHUH�FDQ�EH�DQ�XQGHUVWDQGLQJ�RI �KRZ�WR�FRPPXQLFDWH�WKH�JRDOV�VR�WKDW�ERWK�SDUWLHV�XQ�
GHUVWDQG�WKHP�LQ�WKH�VDPH�ZD\� ,Q�WKH�FDVH�RI �$&&��GULYHUV�FDQ�RQO\�UHVSRQG�DQG�DGDSW�WKHLU
RZQ�EHKDYLRXU�WR�WKDW�RI �WKH�V\VWHP�EDVHG�RQ�WKH�DFWLRQV�RI �WKH�$&& LQ�VSHFLILF�VLWXDWLRQV� RU�E\
UHDGLQJ�WKH�PDQXDO� 7KLV�DOVR�OLPLWV�WKH�RSSRUWXQLWLHV�IRU�GULYHUV�WR�OHDUQ�KRZ�WKH�V\VWHP�ZRUNV�
DV�WKH\�PD\�QRW�UHDG�DERXW�RU�H[SHULHQFH�DOO�W\SHV�RI �VLWXDWLRQV�WKH\�PD\�HQFRXQWHU� 'ULYHUV�DUH
LQVWHDG�UHTXLUHG�WR�FUHDWH�WKHLU�RZQ�LGHDV�RI �V\VWHP�IXQFWLRQDOLW\�DQG�FRPPXQLFDWLRQ� LQ�RUGHU

��
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WR�ILQG�VWUDWHJLHV�DQG�KHXULVWLFV�WKDW�DOORZV�WKHP�WR�PDNH�XVH�RI �WKH�V\VWHP�DV�D�WRRO�
7KXV� OHDUQLQJ�KRZ�WKH�V\VWHP�ZRUNV�LV�SLYRWDO�WR�FRSLQJ�ZLWK�V\VWHP�EHKDYLRXU� 6\VWHP

FDSDELOLWLHV�LQ�YDULRXV�VLWXDWLRQV�DV�ZHOO�DV�V\VWHP�FRPPXQLFDWLRQ�DUH�LPSRUWDQW�DVSHFWV�WKDW�WKH
GULYHU�QHHGV�WR�LGHQWLI\� $V�WKH�V\VWHP�LV�DGHSW�DW�KDQGOLQJ�LWV�WDVNV� WKH�GULYHU�PDLQO\�QHHGV�WR
OHDUQ�ZKHQ�WR�DOORZ�WKH�V\VWHP�WR�PDQDJH�D�VLWXDWLRQ� DQG�ZKHQ�DQG�KRZ�WR�LQWHUYHQH� 7KLV
FRXOG�EH�GRQH�HLWKHU�E\�SURDFWLYHO\�UHVSRQGLQJ�E\�LGHQWLI\LQJ�W\SHV�RI �HYHQWV�WKDW�WKH�V\VWHP
FDQ�RU�FDQQRW�KDQGOH� RU�E\�UHVSRQGLQJ�WR�V\VWHP�DFWLRQ�RU�UHDFWLRQV�

&KDQJHV�WR�GULYLQJ�EURXJKW�RQ�E\�XVLQJ�$&& :KHQ�ILUVW�OHDUQLQJ�WR�GULYH� GULYHUV�OHDUQ
WR�UHFRJQLVH�SRWHQWLDO�WUDIILF�FRQIOLFWV�DQG�SODQ�WKHLU�DFWLRQV�DFFRUGLQJO\� 7KLV�VHSDUDWHV�KXPDQ
WKLQNLQJ�IURP�WKH�IXQFWLRQDOLW\�RI �DXWRPDWLRQ� 'ULYHUV�DUH�DEOH�WR�KDQGOH�RFFXUUHQFHV�OLNH�WKH
EXLOG�XS�WR�WUDIILF�FRQIOLFWV�SURDFWLYHO\� VRPHWKLQJ�WKDW�PD\�WUDQVIHU�WR�WKHLU�SODQQLQJ�RI �ZKHQ
WR�XVH�D�V\VWHP�VXFK�DV�$&&��:KHQ�GULYLQJ�ZLWK�$&&��WKH�GULYHU�DOVR�QHHGV�WR�PDNH�WKH�WDFWLFDO
GHFLVLRQ�RI �HLWKHU�OHWWLQJ�$&& KDQGOH�D�VLWXDWLRQ�LQ�LWV�RZQ�IDVKLRQ�RU�VWHSSLQJ�LQ�KHUVHOI� DQG�LQ
WKDW�FDVH�ZKHQ�

7KH�GHOHJDWLRQ�RI �FRQWURO�WR�WKH�V\VWHP�DOVR�PHDQV�WKDW�WKH�GULYHU·V�SHUFHSWLRQ�DQG�DWWHQWLRQ
WR�WKH�VXUURXQGLQJ�WUDIILF�PD\�EH�DIIHFWHG� DV�VRPH�RI �WKH�GULYHU·V�DFWLRQV�DUH�QRZ�FRXSOHG�ZLWK
WKRVH�RI �WKH�$&& V\VWHP� 7KH�$&& V\VWHP�FDQ�WKHUHIRUH�EH�VHHQ�E\�WKH�GULYHUV�DV�D�QHZ�LQWULQVLF
SDUW�RI �GULYLQJ�WKHLU�YHKLFOHV� WKH�V\VWHP·V�DFWLRQV�DQG�DELOLW\�WR�FRQWURO�LWVHOI �FDQ�DOVR�EH�WDNHQ
LQWR�DFFRXQW�ZKHQ�PDNLQJ�WDFWLFDO�GHFLVLRQV�

5HVXPLQJ�PDQXDO�FRQWURO�IURP�$&& UHTXLUHV�WKH�GULYHU�WR�VZLWFK�WKH�V\VWHP�EDFN�RQ�DJDLQ
LI �WKH�PDQXDO�FRQWURO�KDV�EHHQ�UHVXPHG�E\�DQ\�RWKHU�PHDQV�WKDQ�WKURXJK�WKH�DFFHOHUDWRU� +HQFH�
WKH�GHFLVLRQ�RI �ZKHQ�WR�UHVXPH�FRQWURO�PD\�EH�DIIHFWHG�E\�WKH�V\VWHP·V�SHUIRUPDQFH�DQG�KRZ
ZHOO�LW�ILWV�ZLWK�WKH�GULYLQJ�VLWXDWLRQ�DQG�WKH�HYHQW�LQ�TXHVWLRQ� 7KH�GULYHUV·�JRDOV�ZKHQ�GULYLQJ
ZLWK�$&& DUH�SUREDEO\�VLPLODU�WR�GULYLQJ�ZLWKRXW�$&&��EXW�KRZ�WKH\�DLP�DW�DFFRPSOLVKLQJ�WKHVH
GULYLQJ�JRDOV�DQG�ZKDW�VXE�JRDOV�WKH\�KDYH�PD\�EH�GLIIHUHQW�ZLWK�$&& WKDQ�ZLWKRXW��VHH�)LJXUH
�����

Driving without ACC Driving with ACC

- Constant distance 
regulation to vehicle ahead

- Determine response to all 
traffic conflicts

- Include ACC performance in 
tactical decisions

- Respond to ACC actions
- Determine if  ACC response 

is appropriate
- Determine if  and when to 

reclaim manual control

- Handle throttle and brake 
continuously

- Handle throttle and brake 
occasionally

- Brake now also shuts off  
ACC

Tactical

Operational

)LJXUH ���� 'ULYLQJ�ZLWK�$&& FKDQJHV�QRW�RQO\�RSHUDWLRQDO�SDUWV�RI �GULYLQJ� EXW�DOVR�ODUJH�DVSHFWV�RI �WKH
WDFWLFDO�HOHPHQW�RI �WKH�GULYLQJ�WDVN�

:LWK�$&&��WKH�GULYHU·V�PRWLYDWLRQ�IRU�DWWHQGLQJ�WR�WKH�OHDG�YHKLFOH�PD\�GHFUHDVH�DV�GLVWDQFH

��
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NHHSLQJ�KDV�ODUJHO\�EHHQ�GHOHJDWHG� 7KH�GULYHU·V�DWWHQWLRQ�WR�WUDIILF�FRQIOLFWV�PD\�DOVR�FKDQJH
GHSHQGLQJ�RQ�WKH�DWWHQWLRQ�VWUDWHJLHV�XVHG�WR�GHWHUPLQH�ZKHQ�WR�UHVXPH�FRQWURO� ,I �WKH�GULYHU
VWD\V�LQ�DXWRPDWHG�PRGH� DWWHQWLRQ�LV�DOVR�OLNHO\�WR�EH�GLIIHUHQW�IURP�ZKHQ�FKRRVLQJ�WR�UHVXPH
PDQXDO�FRQWURO� ,Q� WKH�QH[W�FKDSWHU� SUHYLRXV�UHVHDUFK�RQ�WKH�XVH�RI �$&& LV�SUHVHQWHG�DQG
UHYLHZHG�

��





(YHU\WKLQJ�VWDUWV�VRPHZKHUH�
DOWKRXJK�PDQ\�SK\VLFLVWV�GLVDJUHH�

��7HUU\�3UDWFKHWW��+RJIDWKHU�

� 3UHYLRXV�UHVHDUFK

7KH�VXSHUYLVRU\�DGGLWLRQ�WR�WKH�RSHUDWRU·V�WDVNV�EURXJKW�RQ�E\�DXWRPDWLRQ�LV�RQH�RI �WKH
PDLQ�LVVXHV�VWXGLHG�LQ�DXWRPDWLRQ�UHVHDUFK��H�J��6WDQWRQ�HW DO���������0ROOR\�DQG�3DUDVXUDPDQ�
������ 5HVHDUFKHUV�KDYH�EHHQ�VFHSWLFDO�DERXW�GHOHJDWLQJ�KHDGZD\�FRQWURO�WR�DXWRPDWLRQ� PDLQO\
SRLQWLQJ�RXW�WKH�ULVNV�WKDW�PD\�EH�LQYROYHG�LI �WKH�V\VWHP�ZHUH�WR�IDLO��1LOVVRQ� ������6WDQWRQ
DQG�<RXQJ�������� 6HYHUDO�VWXGLHV�KDYH�DOVR�EHHQ�FRQGXFWHG�RQ�KRZ�GULYLQJ�EHKDYLRXU�PD\�EH
DIIHFWHG�ZKHQ�XVLQJ�$&& DQG�VLPLODU�V\VWHPV� DQG�DOVR�RQ�KRZ�DWWHQWLRQ�PD\�EH�DIIHFWHG�ZKHQ
XVLQJ�DXWRPDWLRQ� 7KHVH�ZLOO�EH�UHSRUWHG�DQG�GLVFXVVHG�LQ�WKH�FXUUHQW�FKDSWHU�

7KLV�FKDSWHU�VWDUWV�ZLWK�D�UHYLHZ�RI �KRZ�GULYHUV�OHDUQ�WR�XVH�DXWRPDWLRQ�DQG�$&& LQ�SDUWLFX�
ODU� PRYLQJ�RQWR�GHVFULELQJ�SUHYLRXV�VWXGLHV�RQ�EHKDYLRXUDO�DGDSWDWLRQ�ZKHQ�GULYLQJ�ZLWK�$&&
DV�ZHOO�DV�ILHOG�VWXGLHV�RI �$&&��7KHUHDIWHU� UHVHDUFK�RQ�KRZ�RSHUDWRU�GULYHU�DWWHQWLRQ�FKDQJHV
ZLWK�WKH�XVH�RI �DXWRPDWLRQ�LV�UHYLHZHG� DQG�D�UHFRXQW�RI �VWXGLHV�RQ�GULYHU�UHVSRQVHV�WR�FULWLFDO
WUDIILF�FRQIOLFWV�LV�SUHVHQWHG� /DVWO\� WKH�SUHYLRXV�UHVHDUFK�LV�VXPPDULVHG�DQG�VRPH�JDSV�LQ�WKH
UHVHDUFK�DUH�LGHQWLILHG�EHIRUH�PRYLQJ�RQ�WR�WKH�QH[W�FKDSWHU�DQG�IRUPLQJ�WKH�UHVHDUFK�TXHVWLRQV�

��� /HDUQLQJ�WR�XVH�$&&

$V�SUHYLRXVO\�SRLQWHG�RXW�LQ�6HFWLRQ������� WKH�GULYHU�LV�WKH�RQO\�RQH�ZKR�FDQ�FRRUGLQDWH�ZLWK�WKH
$&& V\VWHP� ,W�LV�WKHUHIRUH�LPSRUWDQW�WKDW�WKH�GULYHU�OHDUQV�KRZ�WR�ZRUN�ZHOO�ZLWK�WKH�V\VWHP�
DQG�NQRZV�LWV�OLPLWDWLRQV�

6LPRQ�	�.RSI ������� LQ�6LPRQ��������IRXQG�VHYHUDO� QRW�QHFHVVDULO\�OLQHDU� OHDUQLQJ�SKDVHV
LQ�XQGHUVWDQGLQJ�$&& EHKDYLRXU�GXULQJ�D�IRXU�PRQWK�ILHOG�VWXG\�ZLWK�ILYH�SDUWLFLSDQWV� 7KH
GULYHUV�JHQHUDOO\�VWDUWHG�RXW�E\�WHVWLQJ�WKH�OLPLWV�RI �WKH�V\VWHP�DQG�OHDUQLQJ�V\VWHP�UHDFWLRQV
LQ�GLIIHUHQW�HQYLURQPHQWV� $IWHU�KDYLQJ�GRQH� WKDW� WKH\� OHDUQHG� WKH�$&&·V� VLWXDWLRQ�VSHFLILF
OLPLWV� DQG� ODVWO\� VWDUWHG� LQWHJUDWLQJ� WKH� V\VWHP� LQWR� WKHLU�RZQ�GULYLQJ� VW\OH� 6LPLODU� OHDUQLQJ
VWUDWHJLHV�ZHUH�PLUURUHG�LQ�D�WHOHSKRQH�VXUYH\�RI �$&& RZQHUV�E\�/ODQHUDV� ������� /ODQHUDV
GHFODUHV�WKDW�GULYHUV�LQLWLDOO\�EHKDYH�FDXWLRXVO\�ZLWK�WKH�$&& V\VWHP� EXW�ZLWK�WLPH�H[WHQG�WKHLU



/DUVVRQ���$XWRPDWLRQ�DQG�WKH�QDWXUH�RI �GULYLQJ

XVDJH�RI � LW�DQG�SUREDEO\�WHVW� LWV� OLPLWV� LQ�GRLQJ�VR� $IWHU� WKDW� LQLWLDO� WHVWLQJ�SHULRG� /ODQHUDV
IRXQG�WKDW�GULYHUV�VHHPHG�WR�JR�EDFN�WR�D�PRUH�FRQVHUYDWLYH�ZD\�RI �XVLQJ�WKH�V\VWHP� 6LPRQ
�������FRQFOXGHV� IURP�WKH�VDPH�ILHOG�VWXG\�DV�EHIRUH� WKDW�WKHUH�DUH�IRXU�PDLQ�GLIILFXOWLHV�LQ
OHDUQLQJ�WR�ZRUN�ZLWK�WKH�V\VWHP� +DQGOLQJ�WKH�WDNH�RYHU�LQ�VLWXDWLRQV�ZKHUH�V\VWHP�OLPLWV�DUH
H[FHHGHG� XVLQJ�WKH�V\VWHP�LQ�DGYHUVH�FRQGLWLRQV��H�J� EDG�ZHDWKHU�RU�EDG�URDGV�� RSHUDWLQJ�WKH
V\VWHP·V�VHWWLQJV� DQG�PLVVLQJ�RU�IDXOW\�H[SOLFLW�NQRZOHGJH�DERXW�WKH�V\VWHP� 6LPRQ�LQIHUV� IURP
SDQLF�EUDNH�VLWXDWLRQV�LGHQWLILHG�GXULQJ�WKH�VWXG\� WKDW�DIWHU�WKH�IRXU�PRQWKV�RI �GULYLQJ�ZLWK�WKH
V\VWHP�VRPH�PLVFRQFHSWLRQV�DERXW� LW�ZHUH�VWLOO� DW�SOD\� 6RPH�RI �WKHVH�PLVFRQFHSWLRQV�ZHUH
D�ODFN�RI �NQRZOHGJH�DERXW�WKH�VHOHFWDEOH�GLVWDQFHV� EXW�DOVR�DERXW�WKH�DELOLW\�RI �WKH�V\VWHP�WR
KDQGOH�VSHFLILF�VLWXDWLRQV�RU�QRW�

:LWK�LQFUHDVLQJ�H[SHULHQFH�RI �WKH�$&& V\VWHP� PRUH�$&& OLPLWDWLRQV�DUH�NQRZQ� $FFRUGLQJ
WR�D�VXUYH\�ZLWK����$&& XVHUV�ZKR�KDG�XVHG�$&& IRU�XS�WR�ILYH�\HDUV� GULYHUV�ZKR�ZHUH�PRUH
XQDZDUH�RI �V\VWHP�OLPLWDWLRQV�WHQG�WR�XVH�$&& LQ�ULVNLHU�HQYLURQPHQWV� VRPHWKLQJ�WKDW�SUREDEO\
RYHU�WLPH�PDNHV�WKHP�PRUH�DZDUH�RI �OLPLWDWLRQV��'LFNLH�DQG�%R\OH�������� 6LPRQ��������DOVR
SRLQWV�RXW�WKDW�GULYHU�OHDUQLQJ�DSSHDUV�WR�EH�VHOI�SDFHG� VR�WKDW�GULYHUV�ZLWK�ULVN\�EHKDYLRXU�SXVK
WKH�V\VWHP�PRUH�LQ�WKH�EHJLQQLQJ� WKXV�OHDUQLQJ�DERXW�LWV�OLPLWDWLRQV�PRUH�UDSLGO\� 'ULYHUV�PD\
DOVR� GHSHQGLQJ�RQ�ZKHUH�DQG�ZKHQ�WKH\�GULYH� WDNH�ORQJHU�WR�H[SHULHQFH�HYHQWV�WKDW�UHYHDO�V\VWHP
OLPLWDWLRQV� 0DLQO\� GULYHUV�GR�QRW�DSSHDU�WR�JHQHUDOLVH�OLPLWDWLRQV�UHJDUGLQJ�VHQVRU�FDSDFLW\� EXW
OLQN�WKHLU�NQRZOHGJH�RI �WKH�V\VWHP�WR�VSHFLILF�VLWXDWLRQV�WKDW�WKH\�DSSDUHQWO\�QHHG�WR�H[SHULHQFH
LQ�RUGHU�WR�NQRZ�ZKDW�WKH�V\VWHP�PD\�KDYH�GLIILFXOWLHV�ZLWK��6WUDQG�HW DO��������� 6LPLODU�UHVXOWV
FDQ�DOVR�EH�IRXQG�LQ�-HQVVHQ�������� 'HVSLWH�UHDGLQJ�WKH�PDQXDO�ZKHUH�VXFK�LQIRUPDWLRQ�ZDV
DYDLODEOH� ����RI �����$&& RZQHUV�LQ�/ODQHUDV·��������VDPSOH�ZHUH�XQDZDUH�WKDW�WKH�$&& V\VWHP
GLG�QRW� VWRS� IRU� VWDWLRQDU\�YHKLFOHV� %HJJLDWR�DQG�.UHPV� �������DOVR� IRXQG� WKDW�GULYHUV�GLG
QRW�UHPHPEHU�HYHQWV�WKH\�ZHUH�PHUHO\�WROG�DERXW� EXW�GLG�UHPHPEHU�HYHQWV�WKH\�KDG�SHUVRQDO
H[SHULHQFH�RI� 6R� LW�DSSHDUV�WKDW�GULYHUV�PXVW�H[SHULHQFH�HYHQWV�LQ�RUGHU�WR�OHDUQ�IURP�WKHP�

:HLQEHUJHU�HW DO���������IRXQG�LQ�D�IRXU�ZHHN�ILHOG�WHVW�WKDW�GULYHUV�FODLP�WKDW�WKHLU�OHDUQLQJ
SHULRG�WR�OHDUQ�WR�DVVHVV�WDNH�RYHU�VLWXDWLRQV�SURSHUO\�ZLWK�$&& LV�DURXQG�����ZHHNV� $ IXUWKHU
DQDO\VLV�RI �FKDQJHV�LQ�77& FRQILUPHG�WKLV�VHOI�UHSRUWHG�OHDUQLQJ�SHULRG� ,W�LV�LPSRUWDQW�WR�QRWH
WKDW�WKH�GULYHUV�LQ�:HLQEHUJHU·V�VWXG\�GURYH�DERXW������NP�ZHHN� ZHOO�RYHU�DYHUDJH� ZKHUHIRUH
WKH�OHDUQLQJ�SHULRG�PD\�EH�ORQJHU�IRU�RWKHU�GULYHUV�ZKR�HQFRXQWHU�IHZHU�W\SHV�WUDIILF�VLWXDWLRQV�
)DQFKHU�HW DO���������QRWH�WKDW�����RI �RI �WKRVH�ZKR�WHVWHG�$&& IHOW�DEOH�WR�UHFRJQLVH�VLWXDWLRQV
ZKHUH� WKH\�QHHG� WR� UHFODLP�FRQWURO�DIWHU�RQH�ZHHN�ZLWK�DQ�$&& V\VWHP� 6L[W\�SHU�FHQW� IHOW
FRPIRUWDEOH�GRLQJ�VR�DIWHU�MXVW�RQH�GD\�ZLWK�WKH�V\VWHP�

����� &RPPXQLFDWLRQ�E\�WKH�$&&

/HDUQLQJ�KRZ� WKH� V\VWHP� IXQFWLRQV� LV�PDGH�SRVVLEOH�E\�KRZ� WKH�GULYHU�XQGHUVWDQGV�ZKDW� LV
JRLQJ�RQ�ZLWK�WKH�V\VWHP� +RZ�WKH�DXWRPDWLRQ�LQWHUDFWV�ZLWK�WKH�RSHUDWRU�LV�WKHUHIRUH�DW�OHDVW
DV�LPSRUWDQW�DV�WKH�WHFKQLFDO�IXQFWLRQDOLW\�RI �WKH�V\VWHP�ZKHQ�OHDUQLQJ�WR�KDQGOH�HYHQWV�VDIHO\�
7KH�V\VWHP�PD\�XVH�LFRQV�DV�LWV�SULPH�PHDQV�RI �LQIRUPDWLRQ� EXW�WKH�YLVXDO�PRGH�LV�QRW�WKH
RQO\�PRGH�XVHG�E\�RSHUDWRUV�WR�OHDUQ�DERXW�GULYLQJ�VXSSRUW�V\VWHP�VWDWXV� 'LMNVWHUKXLV�HW DO�
�������IRXQG�WKDW�GULYHUV�SUHIHUUHG�XVLQJ�WKH�DFWLRQV�E\�WKHLU�GULYHU�VXSSRUW�V\VWHP�DV�D�ZDUQLQJ
VLJQDO�UDWKHU�WKDQ�WKH�LQIRUPDWLRQ�SURYLGHG�RQ�D�KHDG�XS�GLVSOD\� $ VLPLODU�HIIHFW�ZDV�IRXQG�E\
$XVW�HW DO��������� ZKR�VXJJHVW�WKDW�ZLWK�H[SHULHQFH� GULYHUV�OHDUQ�WR�UHVSRQG�WR�V\VWHP�ZDUQLQJV
UDWKHU�WKDQ�WR�WKH�HYHQW�FDXVLQJ�WKH�ZDUQLQJ�

7KH�V\VWHP·V�DFWLRQV�WKHUHIRUH�FRPPXQLFDWH�ZKDW�LW�KDV�EHHQ�DEOH�WR�GHWHFW�DERXW�WKH�ZRUOG
DURXQG�LW� :KHQ�WKH�V\VWHP·V�ORJLF�LQGLFDWHV�WKDW�LW�KDV�QR�YHKLFOH�LQ�IURQW�RU�WKDW�WKH�YHKLFOH

��
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LQ�IURQW�LV�YHU\�IDU�DZD\� LW�DFFHOHUDWHV� :KHQ�LW�GHWHUPLQHV�LW�GRHV�KDYH�D�YHKLFOH�LQ�IURQW� DQG
WKDW�WKH�YHKLFOH�LQ�IURQW�LV�VORZHU�WKDQ�WKH�FXUUHQW�VHW�VSHHG� LW�GHFHOHUDWHV��DOVR�VHH�)LJXUH ���
RQ�SDJH ��� 7KHVH�DFWLRQV�FDQ�ERWK�EH�IHOW�DQG� LQ�WKH�FDVH�RI �DFFHOHUDWLRQ� KHDUG�E\�WKH�GULYHU�
7KH�GHFHOHUDWLRQV�E\�WKH�$&& V\VWHP�KDYH�DOVR�EHHQ�VXJJHVWHG�WR�GUDZ�WKH�GULYHU·V�DWWHQWLRQ�WR
SRWHQWLDO�FRQIOLFWV��(UYLQ�HW DO���������

'RQDOG�1RUPDQ��������KDV�VXJJHVWHG�WKDW�LQDSSURSULDWH�DQG�LQDGHTXDWH�IHHGEDFN�DQG�LQWHU�
DFWLRQ�LV�WKH�PDLQ�SUREOHP�ZKHQ�ZRUNLQJ�ZLWK�DXWRPDWLRQ� 6\VWHPV�DUH�DOVR�YHU\�UDUHO\�GHVLJQHG
WR�FRPPXQLFDWH�KRZ�FHUWDLQ�WKH\�DUH�RI �D�SDUWLFXODU�GLDJQRVLV� 7KLV�ODFN�RI �FRPPXQLFDWLRQ�E\
DXWRPDWLRQ�PHDQV�WKH�RSHUDWRU�FDQQRW�SURDFWLYHO\�OHDUQ�LI �VRPHWKLQJ�LV�ZURQJ�RU�QRW� 1RUPDQ
DUJXHV� DQG�WKH�ODFN�RI �LQIRUPDWLRQ�WKXV�NHHSV�WKH�RSHUDWRU�´RXW�RI �WKH�ORRSµ� ,W�FRXOG� DV�GRQH
E\�(UYLQ�HW DO��������� EH�DUJXHG�WKDW�WKH�EHKDYLRXU�RI �$&& FRQVWLWXWHV�FRQWLQXRXV�LQIRUPDWLRQ�LQ
LWVHOI� 7KH�VHPL�FRQWLQXRXV�QDWXUH�RI �$&& DFFHOHUDWLRQ�DV�D�FXH�WR�V\VWHP�VWDWXV�LV�FRKHUHQW�ZLWK
UHVHDUFK�SRLQWLQJ�WR�WKH�LPSRUWDQFH�RI �LQGLUHFW�LQIRUPDWLRQ�EXLOGLQJ�D�VKDUHG�FRQWH[W�EHWZHHQ
RSHUDWRU�DQG�DXWRPDWLRQ��:LHVH�DQG�/HH��������1RUPDQ�������� 3URYLGLQJ�FRQWH[W�UHOHYDQW�LQ�
IRUPDWLRQ�DERXW�V\VWHP�UHOLDELOLW\�FDQ�DOVR�OHDG�GULYHUV�WR�DOORFDWH�DWWHQWLRQ�PRUH�DSSURSULDWHO\
DQG�WKXV� LPSURYH�GULYHU�DXWRPDWLRQ�SHUIRUPDQFH� �%DJKHUL�DQG�-DPLHVRQ�������� 7KH�$&&·V
EHKDYLRXU� KRZHYHU� PLVVHV�RXW�RQ�DOVR�FRPPXQLFDWLQJ�WKH�V\VWHP·V�YLHZ�RI �ZKDW�LV�JRLQJ�RQ
EHWZHHQ�DFFHOHUDWLRQV�DQG�GHFHOHUDWLRQV� WKXV�OHDYLQJ�RXW�RQH�NH\�IDFWRU�LQ�XQGHUVWDQGLQJ�ZK\
LW�UHVSRQGV�WKH�ZD\�LW�GRHV� $ KXPDQ�FR�GULYHU�PLJKW�QRW�FRPPXQLFDWH�VXFK�FRQVLGHUDWLRQV
HLWKHU� EXW�FDQ�DOZD\V�EH�DVNHG�WR�GLYXOJH�WKHP� 7KXV� GULYHUV�DUH�UHTXLUHG�WR�UHVSRQG�WR�V\VWHP
DFWLRQV�UDWKHU�WKDQ�EH�DEOH�WR�SUHGLFW�WKHP�

��� %HKDYLRXUDO�DGDSWDWLRQ�WR�$&&

6WXGLHV�RI �EHKDYLRXUDO�DGDSWDWLRQ�WR�GULYLQJ�ZLWK�$&& JHQHUDOO\�IRFXV�RQ�FKDQJHV�LQ�VSHHG�EH�
KDYLRXU� DGRSWHG�VDIHW\�PDUJLQV� ODWHUDO�FRQWURO�RI �WKH�YHKLFOH� DQG�ODQH�RFFXSDQF\�ODQH�FKDQJH
EHKDYLRXU��6DDG�������� 2I �WKHVH� ODQH�RFFXSDQF\�DQG�ODQH�FKDQJH�EHKDYLRXU�DUH�WKH�RQO\�PRUH
FRPSOLFDWHG�WDFWLFDO�EHKDYLRXUV�E\�WKH�GULYHU�WKDW�DUH�EHLQJ�PHDVXUHG� $V�6DDG�DQG�(OVODQGH
�������SRLQW�RXW� VXFK�D�IRFXV�GRHV�QRW�SURYLGH�D�GHHSHU�XQGHUVWDQGLQJ�RI �WKH�XQGHUO\LQJ�SULQ�
FLSOHV�RI �EHKDYLRXUDO�DGDSWDWLRQ�

7KH�UHVXOWV�IURP�WKH�VWXGLHV�RQ�EHKDYLRXUDO�DGDSWDWLRQ�DUH�QRW�DOZD\V�LQ�DJUHHPHQW�ZLWK�HDFK
RWKHU�HLWKHU� :LWK�UHJDUG�WR�VDIHW\�PDUJLQV�DQG�GULYLQJ�VSHHGV� UHVXOWV�SRLQW�LQ�GLIIHUHQW�GLUHFWLRQV
DFFRUGLQJ�WR�WZR�PHWD�VWXGLHV��6DDG��������'UDJXWLQRYLF�DQG�%URRNKXLV�������� 'UDJXWLQRYLF
DQG�%URRNKXLV�SURSRVH�WKDW�WKH�GLYHUJLQJ�UHVXOWV�PD\� DW�OHDVW�WR�VRPH�H[WHQW� EH�GXH�WR�WKH�GHVLJQ
RI �WKH�$&& V\VWHPV�XVHG�LQ�WKH�YDULRXV�VWXGLHV� 7KH�PHWKRGV�XVHG� VXFK�DV�VLPXODWRU�VWXG\�RU
FORVHG�WUDFN�ILHOG�VWXGLHV� FRXOG�DOVR�DFFRUGLQJ�WR�6DDG�HW DO���������KDYH�KDG�VRPH�LQIOXHQFH�RQ
WKH�ILQGLQJV� 7KH�OHYHO�RI �VXSSRUW�SURYLGHG�E\�WKH�$&& V\VWHP�PD\�DOVR�DIIHFW�EHKDYLRXU� DV
IXOO�UDQJH�$&& DSSHDUV�WR�OHDG�WR�DQ�LQFUHDVH�LQ�VSHHG�DQG�GHFUHDVH�LQ�WLPH�KHDGZD\�ZKHUHDV
$&& DFWLYH�RQO\�RYHU����NP�K�GRHV�QRW��'UDJXWLQRYLF�DQG�%URRNKXLV�������� 7DFWLFDO�GULYLQJ
GHFLVLRQV�PD\�OLH�EHKLQG�WKHVH�FKDQJHV� EXW�DV�PRUH�FRPSRVLWH�EHKDYLRXUV�E\�WKH�GULYHUV�ZHUH
QRW�VWXGLHG� LW�LV�GLIILFXOW�WR�VD\�

7KRVH�ZKR�KDYH�VWXGLHG�WDFWLFDO�EHKDYLRXU�ZLWK�$&& KDYH�LQGHHG�IRXQG�FKDQJHV�LQ�GULYHU
VWUDWHJLHV�ZLWK�WKH�V\VWHP�DFWLYH� 'ULYHUV·�RYHUWDNLQJ�VWUDWHJLHV�DSSHDU�WR�FKDQJH�ZKHQ�GULYLQJ
ZLWK�$&&��DV�GULYHUV�LQLWLDWH�WKH�PDQRHXYUH�HDUOLHU�LQ�RUGHU�WR�DYRLG�EHLQJ�VORZHG�GRZQ�E\�WKH
V\VWHP�GHWHFWLQJ�WKH�YHKLFOH�LQ�IURQW�DQG�EUDNLQJ��5DMDRQDK�HW DO��������� 7KH�WDFWLFDO�GHFLVLRQV
PDGH�E\�WKH�GULYHU�WKHUHIRUH�DSSHDU�WR�FKDQJH� DV�GULYHUV�DUH�DIIHFWHG�E\�ZKDW�DFWLRQV�DUH�DIIRUGHG
E\�WKH�$&& V\VWHP� 5HSRUWV�DOVR�FRQVLVWHQWO\�SRLQW�RXW�WKDW�GULYHUV�DUH�PRUH�SURQH�WR�VWD\�LQ�WKH

��
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IDVW�ODQH�ZLWK�$&& DFWLYH��6DDG��������+RHGHPDHNHU�DQG�%URRNKXLV�������� 6DDG�DQG�9LOODPH
�������VSHFXODWH�WKDW�WKH�SUHIHUHQFH�IRU�WKH�IDVW�ODQH�PD\�EH�WKH�UHVXOW�RI �GULYHUV�QRW�ZDQWLQJ�WR
LQWHUYHQH�ZLWK�WKH�YHKLFOH�WRR�RIWHQ� DQG�LQVWHDG�RSWLQJ�WR�FKDQJH�WKHLU�VWUDWHJLHV�WR�DOORZ�IRU
GULYLQJ�ZKHUH�WKH\�QHHG�WR�UHFODLP�FRQWURO�DV�OLWWOH�DV�SRVVLEOH� ,Q�D�ILHOG�RSHUDWLRQDO�WHVW�IURP
WKH�����·V� )DQFKHU�HW DO�� �������DOVR�IRXQG�WKDW�GULYHUV�DGRSW�VWUDWHJLHV� LQ�RUGHU�WR�H[SOLFLWO\
SURORQJ�WKH�SHULRG�RI �$&& HQJDJHPHQW� 6XFK�VWUDWHJLHV�ZHUH�IRU�H[DPSOH�QRW�RYHUULGLQJ�WKH
V\VWHP�E\�SUHVVLQJ�WKH�DFFHOHUDWRU�ZKHQ�WKH�V\VWHP�ZDV�DFFHOHUDWLQJ� HYHQ�WKRXJK�GULYHUV�IHOW
WKH�$&& DFFHOHUDWLRQ�ZDV�LQVXIILFLHQW� )XUWKHU�HYLGHQFH�RI �WKLV�W\SH�RI �VWUDWHJ\�ZDV�IRXQG�E\
-DPVRQ�HW DO��������� UHSRUWLQJ�WKDW�GULYHUV�XVLQJ�DXWRPDWLRQ�ZKLOH�GULYLQJ�LQ�D�VLPXODWRU�VWXG\
ZHUH�OHVV�SURQH�WR�FKDQJH�ODQHV�DQG�RYHUWDNH� 7KURXJK�DVSHFWV�VXFK�DV�WKHVH� $&&�W\SH�V\VWHPV
DSSHDU�WR�PDNH�WKH�GULYLQJ�EHKDYLRXU�RI �WKH�XVHUV�PRUH�XQLIRUP��6DDG�DQG�9LOODPH��������

����� ([SHULHQFH�ZLWK�$&&

:KHQ�JDWKHULQJ�H[SHULHQFH�ZLWK�$&&��FHUWDLQ�SDWWHUQV�HPHUJH� .RSI �DQG�1LUVFKO��������IRXQG
WKDW�ERWK�ZRUNORDG�DQG�LQWHUYHQWLRQ�IUHTXHQFLHV�GHFUHDVHG�ZLWK�GULYHU�H[SHULHQFH�RI �$&&��LQ�
GLFDWLQJ�WKDW�GULYHUV�WDNH�V\VWHP�EHKDYLRXU�LQWR�DFFRXQW�LQ�WKHLU�WDFWLFDO�GHFLVLRQV� 7KHVH�UHVXOWV
ZHUH�PLUURUHG�E\�6LPRQ�������� ZKR�DOVR�GHWHUPLQHG�WKDW�GULYHUV�LQWHUYHQH�OHVV�ZLWK�$&& RYHU
WLPH�DV�WKH\�LPSURYH�WKHLU�DELOLW\�WR�LQWHJUDWH�$&& LQWR�WKHLU�GULYLQJ� 'HVSLWH�WKHVH�HIIHFWV� OLWWOH
UHVHDUFK�KDV�WKXV�IDU�H[SOLFLWO\�FRPSDUHG�WKH�EHKDYLRXUV�RI �H[SHULHQFHG�DQG�LQH[SHULHQFHG�$&&
XVHUV� ,Q�D�VLPXODWRU�VWXG\�E\�5DMDRQDK�HW DO��������� VL[�RI �WKH�IRUW\�WZR�SDUWLFLSDWLQJ�GULYHUV�KDG
H[SHULHQFH�ZLWK�$&& IURP�D�SUHYLRXV�WULDO� 7KHVH�VL[�GULYHUV�ZHUH�PRUH�OLNHO\�WR�XVH�$&& RQ
PRWRUZD\V�WKDQ�WKH�QRYLFHV� WKRXJK�QRW�RQ�RWKHU�PDMRU�URDGV� 7KH�SDUWLFLSDQWV�ZLWK�SUHYLRXV
H[SHULHQFH�DOVR�H[KLELWHG�D�PRUH�KRPRJHQRXV�EHKDYLRXU�ZLWK�$&& WKDQ�WKH�RWKHU�SDUWLFLSDQWV
GLG� 'ULYHUV�ZLWK�PRUH�H[SHULHQFH�RI �$&& DOVR�GHPRQVWUDWHG�D�PRUH�FRQVHUYDWLYH�GULYLQJ�SDW�
WHUQ�WKDQ�GLG�RWKHU�XVHUV� DQG�VR�FKDOOHQJHG�WKH�V\VWHP�OHVV� 7KLV�LV�VLPLODU�WR�WKH�UHVXOWV�IRXQG
E\�/ODQHUDV�������� WKDW�DIWHU�WKH�LQLWLDO� OHDUQLQJ�SHULRG�GULYHUV�UHWXUQ�WR�D�PRUH�FRQVHUYDWLYH
GULYLQJ�SDWWHUQ�ZLWK�$&&�

��� )LHOG�RSHUDWLRQDO�WHVW�VWXGLHV�RI �$&&

$QDO\VLV�RI �GDWD�IURP�UHDO�ZRUOG�XVDJH�DQG�UHDO�ZRUOG�HIIHFWV�DUH�LPSRUWDQW�WR�XQGHUVWDQG�WKH
HIIHFWV�$&& FDQ�KDYH�RQ�WUDIILF�VDIHW\� DV�WKH�QXPEHU�RI �FDUV�ZLWK�WKH�RSWLRQ�RI �DGGLQJ�DQ�$&&
V\VWHP�LQFUHDVHV� :KLOH�VRPH�ROGHU�YHKLFOH�DXWRPDWLRQ�V\VWHPV�VXFK�DV�$%6 EUDNHV�DUH�SDUW�RI
WKH�FDU�UHJLVWU\�LQ�6ZHGHQ�DQG�RWKHU�FRXQWULHV� WKHUH�DUH�QR�SXEOLF�UHFRUGV�RI �YHKLFOHV�HTXLSSHG
ZLWK�DGYDQFHG�GULYHU�DVVLVWDQFH�V\VWHPV� $FFLGHQW�VWDWLVWLFV�DUH�WKHUHIRUH�GLIILFXOW�WR�FRPH�E\� 7R
JDLQ�NQRZOHGJH�RI �WKH�HIIHFWV�DQG�XVDJH�RI �$&& LQ�UHDO�WUDIILF� DQRWKHU�RSWLRQ�LV�WR�XVH�GDWD�IURP
D�ILHOG�RSHUDWLRQDO�WHVW��)27� VWXG\� ZKHUH�LQVWUXPHQWHG�YHKLFOHV�DUH�GULYHQ�IRU�D�ORQJHU�WLPH
SHULRG� )27V�DUH�ODUJH�VFDOH�WHVWLQJ�SURJUDPPHV� GHVLJQHG�WR�HYDOXDWH�IXQFWLRQV�DQG�YHKLFOHV
XQGHU�QRUPDO�RSHUDWLQJ�FRQGLWLRQV� XVLQJ�D�TXDVL�H[SHULPHQWDO�PHWKRG��)(67$�������� )27
GDWD�DOVR�SURYLGH�DQ�RSSRUWXQLW\�WR�VWXG\�$&& ZLWK�UHDO�GULYHUV�XVLQJ�$&& DV�DQG�ZKHQ�WKH\
ZLVK� 7KH�IDFW�WKDW�WKH�GULYHUV�VHOHFW�LI �DQG�ZKHQ�WR�XVH�WKH�DYDLODEOH�V\VWHPV�IXQGDPHQWDOO\
GLIIHUHQWLDWHV�)27 VWXGLHV� IURP�FRQWUROOHG� VWXGLHV� $V�SDUWLFLSDQWV� DUH� QRUPDOO\� DOORZHG� WR
GULYH�DV�WKH\�RUGLQDULO\�ZRXOG�GXULQJ�)27 VWXGLHV� FRPSDULVRQV�EHWZHHQ�GLIIHUHQW�YHKLFOHV�DQG
VLWXDWLRQV�DUH�ZKROO\�GHSHQGHQW�RQ�ILQGLQJ�WKHP�LQ�WKH�GDWD� 7KH�TXDVL�H[SHULPHQWDO�PDQQHU�RI
WKH�PHWKRG�DOVR�PHDQV�WKDW�UHVXOWV�PD\�EH�ELDVHG�GXH�WR�IDFWRUV�VXFK�DV�ZKHUH�GULYHUV�FKRRVH
WR�DFWLYDWH�WKHLU�V\VWHPV�

��
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7KH�DQDO\VHV�LQ�)27 SURMHFWV�KDYH�JHQHUDOO\�IRFXVHG�RQ�GHVFULELQJ�ZKHQ�DQG�KRZ�V\VWHPV
DUH�XVHG� EXW�VRPH�KDYH�DWWHPSWHG�WR�VWXG\�HIIHFWV�RQ�VDIHW\�DV�ZHOO� 'ULYHU�EHKDYLRXUV�KDYH�EHHQ
DQDO\VHG�LQ�VLWXDWLRQV�ZKHUH�$&& LQLWLDWHV�EUDNLQJ� XVLQJ�WKH�GDWD�IURP�D�WKUHH�ZHHN�)27 VWXG\
�;LRQJ�DQG�%R\OH�������� 7KH�DXWKRUV�DWWHPSWHG�WR�SUHGLFW�GULYHU�EHKDYLRXU�E\�FRQVWUXFWLQJ
D�PRGHO� WKURXJK� ORJLVWLF�UHJUHVVLRQ� DQG�IRXQG�WKDW�VHYHUDO�VLWXDWLRQDO� IDFWRUV�VHHP�WR�DIIHFW
GULYHU�UHVSRQVHV�WR�V\VWHP�LQLWLDWHG�EUDNLQJ� 7KH�SURSHQVLW\�IRU�GULYHUV�WR�EUDNH�DIWHU�$&& KDV
LQLWLDWHG�EUDNLQJ�DSSHDUV�WR�GHSHQG�RQ�IDFWRUV�VXFK�DV�URDG�W\SH� VSHHG� JDS�VHWWLQJ�DQG�GULYHU
DJH� ,Q�WKH�GDWD� GULYHUV�ZHUH�PRUH�OLNHO\�WR�LQWHUYHQH�LQ�QHDU�FUDVK�FORVLQJ�VLWXDWLRQV��GULYHUV
LQWHUYHQHG�LQ�DERXW�����RI �WKH�FDVHV��WKDQ�LQ�ORZ�ULVN�VLWXDWLRQV��GULYHUV�LQWHUYHQHG�LQ�DERXW���
RI �FDVHV�� DQG�PRUH�OLNHO\�WR�LQWHUYHQH�LI �WKH\�ZHUH�QRW�RQ�D�PRWRUZD\� RU�PLGGOH�DJHG��������
UDWKHU�WKDQ�\RXJHU��������� 7KH�PRGHO�KDV�QRW�EHHQ�WHVWHG�RQ�RWKHU�)27 GDWD� RU�RQ�GDWD�IURP
D�ORQJHU�PHDVXUHPHQW�SHULRG� 9LWL�HW DO���������VXJJHVW�WKDW�GHDFWLYDWLRQ�RI �$&& RIWHQ�RFFXUV
EHFDXVH� WKH�$&& GRHV�QRW�DFW� WKH�ZD\� WKH�GULYHU�ZRXOG�SUHIHU� QRW�QHFHVVDULO\�EHFDXVH�RI �D
QHHG�WR�EUDNH�EHFDXVH�RI �D�GDQJHURXV�VLWXDWLRQ� 7KH�VLWXDWLRQV�ZKHUH�$&& DFWV�LQ�DQ�XQZDQWHG
PDQQHU�ZRXOG� DFFRUGLQJ�WR�9LWL�HW DO�� DFFRXQW�IRU�����������RI �WKH�WRWDO�QXPEHU�RI �FDVHV
ZKHUH�GULYHUV�GHDFWLYDWH�WKH�$&& V\VWHP� DV�LGHQWLILHG�E\�YHU\�VRIW�EUDNLQJ� ,Q����������RI
WKH�WRWDO�QXPEHU�RI �GHDFWLYDWLRQV� WKH�VLWXDWLRQV�ZHUH�MXGJHG�WR�EH�PRUH�DFXWHO\�ULVN\� DV�GULYHUV
EUDNHG�KDUG�VWUDLJKW�DZD\�

,Q�WKH�UHVXOWV�IURP�WKH�(XUR)27 WULDOV� ZKHUH�WKH�EHKDYLRXUV�RI �����YHKLFOHV�ZHUH�UHFRUGHG
IRU����PRQWKV� YLGHR�DQDO\VLV�LQGLFDWHG�QHLWKHU�D�VLJQLILFDQW�LQFUHDVH�QRU�GHFUHDVH�LQ�FULWLFDO�WUDIILF
FRQIOLFWV�ZLWK�$&& �0DOWD�HW DO��������� 7KH�ODFN�RI �VLJQLILFDQFH�LV�SUREDEO\�GXH�WR�WKH�UDULW\�RI
VXFK�PRUH�VHYHUH�FRQIOLFWV� RQO\����ZHUH�IRXQG�LQ�WKH�GDWD� 0RUH�JHQHUDO�VDIHW\�LQGLFDWRUV�PD\�
KRZHYHU� EH�DIIHFWHG�E\�WKH�XVH�RI �$&&��5HVHDUFKHUV��H�J��(UYLQ�HW DO���������$ONLP�HW DO��������
KDYH�IRXQG�WKDW�WKH�QXPEHU�RI �YHU\�VKRUW�IROORZLQJ�GLVWDQFHV�LV�VPDOOHU�ZLWK�$&& DFWLYH�WKDQ
ZLWKRXW� 5HVXOWV�IURP�(XUR)27 �0DOWD�HW DO���������DOVR�VXJJHVW�WKDW�$&& LV�FRQQHFWHG�WR�DQ
LQFUHDVH�LQ�DYHUDJH�7+: DQG�D�GHFUHDVH�LQ�WKH�QXPEHU�RI �FULWLFDO�7+:V�EHORZ�����VHFRQGV�
ZKHQ�XVLQJ�$&& RQ�ERWK�PRWRUZD\V� XUEDQ�DQG�UXUDO�URDGV� 7KH�LQFUHDVH�LQ�JHQHUDO�7+: ZDV
DERXW����� DQG�WKH�IUHTXHQF\�RI �FULWLFDO�7+:V�GHFUHDVHG�E\�RYHU����� 7KH�DXWKRUV�VXJJHVW
WKDW�WKH�UHDVRQ�IRU�WKLV�ZDV�WKH�OLPLWDWLRQV�LQ�SRVVLEOH�7+: ZLWK�$&&��7KH�V\VWHP�GRHV�QRW
DOORZ�IRU�7+: WR�EH�DV�ORZ�DV�����VHFRQGV� ZKHUHDV�GULYHUV�DUH�FRPSOHWHO\�IUHH�WR�FKRRVH�7+:
ZKHQ�GULYLQJ�ZLWKRXW�WKH�V\VWHP� $IWHU�GHDFWLYDWLQJ�$&& E\�SUHVVLQJ�WKH�EUDNH�SHGDO� 7+:
GHFUHDVHV�DJDLQ��3DXZHOXVVHQ�DQG�)HHQVWUD�������� 1HYHUWKHOHVV� UHVXOWV�SRLQWLQJ�WR�ODUJHU�7+:
ZLWK�$&& PD\�EH�ELDVHG�E\�WKH�FRQGLWLRQV�LQ�ZKLFK�WKH�V\VWHP�LV�W\SLFDOO\�XVHG� 9LWL�HW DO��������
IRXQG�WKDW�GULYHUV�GR�QRW�XVH�$&& LQ�FRQJHVWHG� WUDIILF� VXJJHVWLQJ� WKLV�PLJKW�EH�GXH� WR� WKH
V\VWHP�QRW�DOORZLQJ�VXFK�VKRUW�KHDGZD\V�DV�DUH�QHHGHG�LQ�TXHXHV�

$ONLP�HW DO���������DV�ZHOO�DV�5XGLQ�%URZQ�DQG�3DUNHU��������DQG�)DQFKHU�HW DO���������IRXQG
WKDW�GULYHUV�HQJDJH�PRUH�LQ�VHFRQGDU\�WDVNV�ZLWK�$&&��WKH�QXPEHU�RI �WKRVH�WDVNV�DOVR�LQFUHDVLQJ
ZLWK�WLPH�DFFRUGLQJ�WR�$ONLP�HW�DO� +RZHYHU� $&& LV�VHOGRP�XVHG�LQ�WUDIILF�ZKHUH�LW�PD\�EH�PRUH
OLNHO\�WKDW�DWWHQWLRQ�LV�QHHGHG�RXWVLGH�WKH�YHKLFOH� VXFK�DV�FRQJHVWLRQ�RU�LQ�XUEDQ�DUHDV��$ONLP
HW DO��������� ,QVWHDG� GULYHUV�SUHGRPLQDQWO\�XVH�$&& GXULQJ�IUHH�IORZ�RQ�PRWRUZD\V� VRPHWKLQJ
DOVR�UHIOHFWHG�LQ�WKH�GULYHU�VWDWHPHQWV�FROOHFWHG�E\�6WUDQG�HW DO���������

7R�VXPPDULVH� $&& GRHV�QRW�DSSHDU�WR�DIIHFW�GULYLQJ�VDIHW\�LQ�D�QHJDWLYH�ZD\� ,QVWHDG� WKH
XVH�RI �$&& LQFUHDVHV�WKH�7+: WR�WKH�YHKLFOHV�LQ�IURQW� ,Q�FRPELQDWLRQ�ZLWK�GULYHUV�XVLQJ�$&&
LQ�OHVV�FRQJHVWHG�WUDIILF� WKLV�PD\�EH�WKH�UHDVRQ�EHKLQG�D�ODFN�RI �DGYHUVH�HIIHFWV� 'ULYHUV�GR
KRZHYHU�VWLOO�DSSHDU�WR�GHDFWLYDWH�WKH�V\VWHP�LQ�FLUFXPVWDQFHV�ZKHUH�LW�GRHV�QRW�UHVSRQG�LQ�D
PDQQHU�SUHIHUUHG�E\�WKH�GULYHU�

��
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��� $WWHQWLRQ�ZKHQ�ZRUNLQJ�ZLWK�DXWRPDWLRQ

9LVXDO�DWWHQWLRQ�LV�RQH�RI �WKH�PRVW�LPSRUWDQW�DVSHFWV�RI �FDU�GULYLQJ� DV�PRVW�LQIRUPDWLRQ�ZKLOH
GULYLQJ�FRPHV�IURP�D�YLVXDO�VRXUFH� 'ULYHU�DWWHQWLRQ�LV�RIWHQ�RSHUDWLRQDOL]HG�DQG�WKHQ�VWXGLHG
E\�H\H�WUDFNLQJ� DV�ZKDW�WKH�GULYHU�DWWHQGV�WR�FDQ�WKHQ�EH�VWXGLHG�E\�GRLQJ�D�FRPSDULVRQ�RI �JD]H
GLVWULEXWLRQV�RU�WKH�QXPEHU�RI �JD]HV�WR�VSHFLILF�DUHDV�

9LFWRU�HW DO���������IRXQG�WKDW�DFWLYH�$&& ZDV�FRUUHODWHG�ZLWK�PRUH�IRFXVHG�GULYHU�JD]HV�
PXFK�DV�LQ�WKH�VWXG\�RQ�PDQXDO�FDU�IROORZLQJ�E\�&UXQGDOO�HW DO���������UHSRUWHG�LQ�6HFWLRQ�������
9LFWRU�HW�DO� GR�QRW�VSHFXODWH�DV�WR�ZK\� DQG�LW�ZDV�XQFOHDU�ZKHWKHU�WKH\�FRPSDUHG�JD]HV�ZLWK
$&& WR�FDU�IROORZLQJ�ZLWKRXW�$&& RU�GULYLQJ�ZLWKRXW�IROORZLQJ�DQRWKHU�YHKLFOH� &RQWUDU\�WR
WKLV� &DUVWHQ�HW DO�� �������VXJJHVW� WKDW�ZLWK� LQFUHDVLQJ�DXWRPDWLRQ� WKH�DPRXQW�RI �JD]HV�LQWR
WKH�PLGGOH�RI �WKH�URDG�DKHDG�GHFUHDVHV� :LWK�WKH�DGGLWLRQ�RI �ODWHUDO�FRQWURO�WR�$&& �DVVLVWHG
VWHHULQJ�� GULYHUV�WHQGHG�WR�EH�OHVV�DWWHQWLYH�WR�WKH�URDGZD\�WKDQ�ZKHQ�GULYLQJ�ZLWK�ORQJLWXGLQDO
VXSSRUW�DORQH�

����� 0RQLWRULQJ�DXWRPDWLRQ

3DUDVXUDPDQ�DQG�:LFNHQV��������DUJXH�WKDW�ZLWK�DFWLYH�DXWRPDWLRQ� RSHUDWRUV�WHQG�WR�DOORFDWH
DWWHQWLRQ�DZD\�IURP�PRQLWRULQJ�DQG�FRQWUROOLQJ�DXWRPDWLRQ�E\�GHFUHDVHG�DWWHQWLRQ�WR�´UDZ�GDWDµ�
WKH�LQIRUPDWLRQ�RSHUDWRUV�QRUPDOO\�XVH�WR�DFKLHYH�D�WDVN� 2QH�UHDVRQ�JLYHQ�IRU�WKLV�HIIHFW�LV�WKH
ORZHU�ZRUNORDG� RU�HYHQ�µXQGHUORDG�µ DIIRUGHG�E\�DXWRPDWLRQ� <RXQJ�DQG�6WDQWRQ������D��KDYH
VXJJHVWHG�WKDW�D�GHFUHDVH�LQ�ZRUNORDG�FRXOG�DIIHFW�WKH�DPRXQW�RI �DWWHQWLRQDO�UHVRXUFHV�DYDLODEOH�
7KH�DXWKRUV�DUJXH�WKDW�LI �WDVN�GHPDQGV�DUH�WRR�ORZ� WKH�DYDLODEOH�SRRO�RI �DWWHQWLRQ�GHFUHDVHV�
WKXV�PDNLQJ�LW�OHVV�OLNHO\�WKDW�GULYHUV�QRWLFH�SRWHQWLDOO\�LPSRUWDQW�WKLQJV�

2YHU�UHOLDQFH� GHSHQGLQJ�RQ�WKH�V\VWHP�RXWVLGH�LWV�IXQFWLRQDO�OLPLWV� KDV�DOVR�EHHQ�SRLQWHG
RXW�DV�D�ULVN�ZKHQ�XVLQJ�V\VWHPV�WKDW�KDYH�SURYHQ�WKHPVHOYHV�RYHU�D�ORQJHU�SHULRG�RI �WLPH� :LWK
$&&��WKLV�ZRXOG�EH�WKH�FDVH�LI �WKH�V\VWHP�VXGGHQO\�PDOIXQFWLRQHG�DQG�GLG�QRW�EUDNH�LQ�D�VLWXDWLRQ
LW�QRUPDOO\�ZRXOG� 2YHU�UHOLDQFH�PD\�HYHQ�FDXVH�WKH�RSHUDWRU�QRW�WR�LQWHUYHQH� RU�LQWHUYHQH�WRR
ODWH�XSRQ�UHDOLVLQJ�WKH�V\VWHP�FDQQRW� LQ�IDFW� FRSH��6WDQWRQ�DQG�0DUVGHQ�������� 7KLV�EULQJV
WKH�FRQFHSW�YHU\�FORVH�WR�WKDW�RI �WUXVW�LQ�DXWRPDWLRQ�

)DFWRUV� WKDW�PD\� LQIOXHQFH�PRQLWRULQJ�EHKDYLRXU ,W�KDV�EHHQ�VXJJHVWHG� WKDW�µFRPSOD�
FHQF\µ� QRW�PRQLWRULQJ�WKH�V\VWHP�µHQRXJKµ� LV�WKH�HIIHFW�RI �DXWRPDWLRQ�FRPSHWLQJ�ZLWK�PDQ�
XDO�WDVNV�IRU�WKH�RSHUDWRU·V�DWWHQWLRQ�ZKHQ�XVLQJ�UHOLDEOH�DXWRPDWLRQ��3DUDVXUDPDQ�DQG�0DQ]H\�
������ :LWK�UHOLDEOH�DXWRPDWLRQ� RSHUDWRUV��RU�GULYHUV��DUH�WKRXJKW�WR�VWRS�PRQLWRULQJ�DXWRPD�
WLRQ� EHOLHYLQJ�WKDW�WKH�DXWRPDWLRQ�GRHV�ZHOO�DQ\ZD\� 7KH�RSHUDWRU·V�OHYHO�RI �WUXVW�LQ�DXWRPDWLRQ
LV�PDLQO\�PHDVXUHG�E\�RSHUDWRUV·�VXEMHFWLYH�UDWLQJV�RQ�VHYHUDO�GLPHQVLRQV� VXFK�DV�SUHGLFWDELOLW\�
GHSHQGDELOLW\� UHVSRQVLELOLW\�DQG�FRQILGHQFH��0XLU�������� 2WKHU�IDFWRUV�WKDW�FRPH�LQWR�SOD\�DUH
GHVLUDEOH�DQG�FRQVLVWHQW�V\VWHP�EHKDYLRXU��0XLU�DQG�0RUD\�������� DQG�WKH�WUXVW�WKH�RSHUDWRU
KDV�LQ�FRRSHUDWLQJ�ZLWK�WKH�DXWRPDWLRQ��5DMDRQDK�HW DO��������� ,Q�D�VWXG\�E\�5DMDRQDK�HW DO�
������� GULYHUV�ZKR�WUXVWHG�$&& PRUH�ZDLWHG�XQWLO�LW�ZDV�FOHDU�WKDW�D�V\VWHP�UHVSRQVH�ZDV�LQVXI�
ILFLHQW�EHIRUH�WKH\�UHVSRQGHG�WKHPVHOYHV� 'ULYHUV�ZLWK�OHVV�WUXVW�LQWHUYHQHG�EHIRUH�WKH�$&& GLG
VR� ,QFUHDVHG�WUXVW�LQ�DXWRPDWLRQ�KDV�WKXV�EHHQ�VXJJHVWHG�WR�OHDG�WR�GHFUHDVHG�PRQLWRULQJ�RI
DXWRPDWLRQ�SHUIRUPDQFH� HVSHFLDOO\�ZLWK�KLJKHU�OHYHOV�RI �V\VWHP�UHOLDQFH��H�J��0XLU�DQG�0RUD\�
������%DLOH\�DQG�6FHUER�������� ;LRQJ�HW DO���������KRZHYHU� GLG�QRW�ILQG�WKDW�WKH�JURXS�ZLWK�WKH
KLJKHVW�WUXVW�LQ�$&& ZDV�EHKDYLQJ�LQ�WKH�PRVW�ULVN\�PDQQHU� ,QVWHDG� ULVN\�EHKDYLRXU�ZDV�UDWKHU
FRQQHFWHG�WR�SDUWLFLSDQWV�KDYLQJ�OHVV�NQRZOHGJH�RI �V\VWHP�OLPLWDWLRQV� $ VOLJKWO\�GLIIHUHQW�UHVXOW
ZDV�IRXQG�E\�'LFNLH�DQG�%R\OH�������� ZKR�VWDWH�WKDW�GULYHUV�ZLWK�KLJKHU�OHYHOV�RI �WUXVW�LQ�$&&

��
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ZHUH�PRUH�OLNHO\�WR�EH�XQDZDUH�RI �LWV�IXQFWLRQDO�OLPLWDWLRQV� /HH�DQG�6HH��������LQ�WKHLU�UHYLHZ
IRXQG�QR�FRQFOXVLYH�HYLGHQFH�WKDW�KLJKHU�OHYHOV�RI �WUXVW�LQ�D�V\VWHP�ZHUH�DVVRFLDWHG�ZLWK�OHVV
PRQLWRULQJ� EXW�VWLOO�FRQFOXGHG�WKDW�ZKDW�LV�LPSRUWDQW�LV�QRW�KLJK�WUXVW� EXW�DSSURSULDWH�WUXVW�

7UXVW�LV�WKXV�VHHQ�E\�VRPH�UHVHDUFKHUV�DV�VRPHWKLQJ�WR�EH�LQIOXHQFHG�DQG�µFRUUHFWHGµ�VR
WKDW�RSHUDWRUV�H[KLELW�WKH�µULJKW�DPRXQWµ�RI �WUXVW�DQG�WKHUHE\�EHKDYH�µFRUUHFWO\µ��H�J��'LFNLH
DQG�%R\OH��������/HH�DQG�6HH�������� 7KHVH�DUH�QRUPDWLYH�VWDWHPHQWV� DQG�WHQG�WR�EH�GHSHQGHQW
RQ�KLQGVLJKW�LQ�GHWHUPLQLQJ�µFRUUHFWµ�EHKDYLRXU� 7KH�SHUVSHFWLYH�DOVR�LJQRUHV�ZKHWKHU�GULYHUV·
EHKDYLRXUV�PD\�EH�PDNLQJ�VHQVH�WR�WKHP� DQG�LQ�WKDW�FDVH�ZK\� 6WXG\LQJ�µWUXVWµ�DORQH�PLVVHV�RXW
RQ�D�ZLGHU�SHUVSHFWLYH�WKDW�FRXOG�RIIHU�PRUH�LQVLJKW�LQWR�KRZ�RSHUDWRUV�KDQGOH�DQG�XQGHUVWDQG
ZRUNLQJ�ZLWK�DXWRPDWLRQ� :KHWKHU�PHDVXULQJ�WUXVW�LQ�WKH�V\VWHP�RU�LQ�RQH·V�FRRSHUDWLRQ�ZLWK
WKH�V\VWHP� µWUXVWµ�DSSHDUV�WR�EH�PRUH�D�SUR[\�RI �WKH�XQGHUVWDQGLQJ�WKH�RSHUDWRUV�KDYH�RI �V\VWHP
FDSDELOLWLHV�

0HDVXULQJ�PRQLWRULQJ�EHKDYLRXU )DUUHOO�DQG�/HZDQGRZVN\��������VXJJHVW�WKDW�WKH�UHDVRQ
IRU�D�SRVVLEOH�GHFOLQH�LQ�PRQLWRULQJ�UHOLDEOH�V\VWHPV�LV�PDLQO\�WKDW�DXWRPDWLRQ�PDNHV�WKH�RSHUD�
WRUV�OHDUQ�WR�DYRLG�UHVSRQGLQJ�WR�FXHV�ZKHQ�DXWRPDWLRQ�LV�DFWLYH� ZKLFK�LV�ZK\�WKH�HIIHFW�FDQ�EH
PLWLJDWHG�E\�WKH�RSHUDWRU�SHULRGLFDOO\�JRLQJ�EDFN�WR�PDQXDO�FRQWURO� 7KH�GHOHJDWLRQ�RI �FRQWURO
WR�DXWRPDWLRQ�KDV�IRU�H[DPSOH�EHHQ�VHHQ�ZLWK�LQWHOOLJHQW�VSHHG�DGDSWDWLRQ� ,6$ �+MlOPGDKO�DQG
9iUKHO\L�������� +MlOPGDKO�DQG�9iUKHO\L�IRXQG�WKDW�RXWVLGH�WKH�,6$ WHVW�DUHD� ZKHUH�WKH�V\VWHP
QR�ORQJHU�SURYLGHG�LQGLFDWLRQ�RI �WKH�FXUUHQW�OHJDO�VSHHG� GULYHUV�QHJOHFWHG�WR�DGDSW�WKHLU�VSHHG
ZKHQ�HQWHULQJ�D�QHZ�VSHHG�]RQH�

+RZHYHU� VXFFHVVIXO�PRQLWRULQJ�PLJKW�QRW�EH�WKH�EHVW�PHDVXUH�RI �DWWHQWLRQ� 0RUD\�������
DQG�0RUD\�DQG�,QDJDNL��������VWDWH�WKDW�PRQLWRULQJ�PD\�EH�D�EDG�ZD\�WR�GHWHUPLQH�RYHU�UHOLDQFH
RU�RYHU�WUXVW�LQ�D�V\VWHP�DV�LW�LV�LPSRVVLEOH�WR�GHWHUPLQH�D�µFRUUHFWµ�PRQLWRULQJ�VWUDWHJ\�H[FHSW
ZLWK�KLQGVLJKW� 0RQLWRULQJ� DOVR�GHSHQGV�RQ�ZKHQ� D� VLJQDO� DSSHDUV� DQG�ZKDW� WKH�RSHUDWRU·V
SULRULWLHV�DUH�DW�WKDW�PRPHQW� 7KH�DWWHQWLRQ�VWUDWHJLHV�HPSOR\HG�E\�WKH�RSHUDWRU�DUH�WKHUHIRUH
EH�D�EHWWHU�LWHP�RI �VWXG\��0RUD\�HW DO���������

����� $WWHQWLRQ�LQ�WUDIILF�FRQIOLFW�VLWXDWLRQV

7KH�UHVXOWV�UHSRUWHG�DERYH�ODUJHO\�LPSO\�WKDW�GULYLQJ�ZLWK�DXWRPDWLRQ�GHFUHDVHV�GULYHU�DWWHQWLRQ
WR�ERWK�DXWRPDWLRQ�DQG�URDGZD\�UHJDUGOHVV�RI �WKH�VLWXDWLRQ� +RZHYHU� VHYHUDO�VWXGLHV�FRPSDUH
JD]H�RU�ZRUNORDG�RYHU�D�ORQJHU�SHULRG�RI �WLPH�WKDW�LV�QRW�VLWXDWLRQ�VSHFLILF��H�J��9LFWRU�HW DO��
������&DUVWHQ�HW DO��������� WKXV�RQO\�IRUPLQJ�JHQHUDO�LGHDV�RI �KRZ�DWWHQWLRQ�PD\�EH�DIIHFWHG�
6RPH�H[FHSWLRQV�FDQ�DOVR�EH�IRXQG� 6WXG\LQJ�GULYLQJ�LQ�PRUH�GHWDLO� %URRNKXLV�HW DO�� ������
IRXQG�WKDW�GULYLQJ�ZLWK�D�FRQJHVWLRQ�DVVLVWDQW��D�FRQJHVWLRQ�ZDUQLQJ�V\VWHP�ZLWK�LQWHJUDWHG�$&&
VWRS�DQG�JR��OHG�WR�D�GHFUHDVH�LQ�ZRUNORDG� H[FHSW�MXVW�DV�WKH�GULYHU�DSSURDFKHG�WKH�FRQJHVWLRQ
WKH�V\VWHP�ZDUQHG�DERXW� *DUULVRQ��������IRXQG�WKHUH�ZDV�QR�GLIIHUHQFH�LQ�JD]H�IUHTXHQF\�WR
KD]DUGV�IRU�GLVWUDFWHG�GULYHUV�FRPSDUHG�WR�QRQ�GLVWUDFWHG�GULYHUV� )RU�WUDIILF�VLJQV� ZKLFK�ZHUH
QRW�FRQQHFWHG�WR�KD]DUGV�LQ�DQ\�ZD\� WKHUH�ZDV�D�GHFUHDVH�LQ�WKH�DPRXQW�RI �JD]HV�LQ�WKDW�GLUHFWLRQ
RI �GLVWUDFWHG�GULYHUV�FRPSDUHG�WR�QRQ�GLVWUDFWHG�GULYHUV� 6LPLODUO\� WKRXJK�GULYHU�DWWHQWLRQ�LV
GLUHFWHG�DZD\�IURP�WKH�URDGZD\�LQ�OLJKW�WUDIILF� LQ�KHDY\�WUDIILF�GULYHU�JD]HV�WR�WKH�URDG�FHQWUH
LQFUHDVH�DJDLQ��-DPVRQ�HW DO��������� 9LGHR�DQDO\VLV�LQ�WKH�(XUR)27 SURMHFW��0DOWD�HW DO��������
DOVR�IRXQG�WKDW�ZKLOH�GULYHUV�ZHUH�PRUH�SURQH�WR�GR�VHFRQGDU\�WDVNV�ZKHQ�XVLQJ�$&& ZLWK�)&:
ZKLOH�GULYLQJ� QR�VXFK�GLIIHUHQFH�FRXOG�EH�IRXQG�LQ�FUDVK�UHOHYDQW�HYHQWV� 6R� GULYHUV�DSSHDU�WR
DGMXVW�WKHLU�DWWHQWLRQ�VWUDWHJLHV�DFFRUGLQJ�WR�VLWXDWLRQDO�GHPDQGV�

��



/DUVVRQ���$XWRPDWLRQ�DQG�WKH�QDWXUH�RI �GULYLQJ

��� 5HVSRQGLQJ�WR�WUDIILF�FRQIOLFWV�ZLWK�DXWRPDWLRQ

7KH�WHUP�µWUDIILF�FRQIOLFWµ�KDV�SUHYLRXVO\�EHHQ�GHILQHG�LQ�6HFWLRQ ��� RQ�SDJH �� ,W�LV�LPSRUWDQW
WR�NHHS�LQ�PLQG�WKDW�WUDIILF�FRQIOLFWV�QHHG�QRW�EH�YHU\�VHULRXV� 7KH�WUDIILF�FRQIOLFW�RQO\�HQWDLOV
WKDW�DW�OHDVW�RQH�RI �WKH�YHKLFOHV�LQYROYHG�QHHGV�WR�GR�DQ�DYRLGDQFH�PDQRHXYUH�WR�DYRLG�FROOLVLRQ�
7KH�DYRLGDQFH�PDQRHXYUH� KRZHYHU� GRHV�QRW�QHHG�WR�EH�DEUXSW� EXW�FDQ�LQYROYH�MXVW�D�PLQRU
GHFUHDVH�RI �VSHHG�

GH :DDUG�HW DO�� �������VXUPLVH� WKDW� V\VWHP�IXQFWLRQDOLW\�QHHGV� WR�EH�FRPPXQLFDWHG�YHU\
FOHDUO\�LQ�D�KLJKO\�DXWRPDWHG�VLWXDWLRQ� 7KH\�DOVR�VXJJHVW�WKDW�GULYHUV�VKRXOG�QRW�KDYH�D�FRP�
SOHWHO\�SDVVLYH�UROH�LQ�WKH�V\VWHP�LI �D�VXGGHQ�V\VWHP�IDLOXUH�UHTXLUHV�WKH�GULYHU�WR�UHFODLP�FRQWURO
�VHH�DOVR�<RXQJ�DQG�6WDQWRQ�������� )DUUHOO�DQG�/HZDQGRZVN\��������DUJXH�WKDW�D�GHFOLQH�LQ�PRQ�
LWRULQJ�SHUIRUPDQFH�UHIOHFWV�WKDW�RSHUDWRUV�DUH�VXSSUHVVLQJ�WKHLU�QDWXUDO�UHVSRQVHV�WR�GULYLQJ�ZLWK
UHJDUG�WR�H�J� WKH�ORQJLWXGLQDO�FRQWURO� 8VLQJ�DXWRPDWLRQ�WKHUHIRUH�PHDQV�WKDW�RSHUDWRUV�QHHG
WR�DFWLYHO\�VWRS�WKHPVHOYHV�IURP�LQWHUYHQLQJ�LQ�RUGHU�WR�DOORZ�DXWRPDWLRQ�WR�KDQGOH�D�VLWXDWLRQ�
2QH�ZD\�WR�FRXQWHUDFW�WKLV�HIIHFW�LV�WR�PDNH�WKH�RSHUDWRU�LQWHUPLWWHQWO\�UHFODLP�FRQWURO� DV�WKLV
GLPLQLVKHV�WKH�HIIHFWV�RI �OHDUQLQJ�QRW�WR�UHDFW��0RXORXD�HW DO���������)DUUHOO�DQG�/HZDQGRZVN\�
������ 7KRXJK�LQWHUPLWWHQWO\�UHFODLPLQJ�FRQWURO�PD\�EH�D�JRRG�DSSURDFK� GULYHUV�VHHP�WR�EH
UHOXFWDQW�WR�SHUIRUP�DFWLRQV�WKDW�FDXVH�WKHP�WR�DFWLYHO\�GLVHQJDJH�RU�HQJDJH�WKH�V\VWHP� DW�OHDVW
ZLWK�UHJDUG�WR�WDFWLFDO�GHFLVLRQV�VXFK�DV�RYHUWDNLQJ� DV�H[SODLQHG�LQ�6HFWLRQ ��� RQ�SDJH �� �-DP�
VRQ�HW DO���������)DQFKHU�HW DO���������5DMDRQDK�HW DO��������� 6XFK�VWUDWHJLHV�PLJKW�WKHUHIRUH�EH
GLIILFXOW�WR�LPSOHPHQW�

'ULYHUV�RI �IXOO\�DXWRQRPRXV�YHKLFOHV�KDYH� LQ� VLPXODWRU� VWXGLHV� IRXQG� WR� UHVSRQG�PRUH
VORZO\�WR�DODUPV�VLJQDOOLQJ�LPPLQHQW�FROOLVLRQ�WKDQ�PDQXDO�FRQWURO�GULYHUV��0HUDW�DQG�-DPVRQ�
������ 9ROOUDWK�HW DO���������DOVR�IRXQG�WKDW�GULYHUV�ZHUH�VHYHUDO�VHFRQGV�VORZHU�ZKHQ�GULYLQJ
ZLWK�DXWRPDWLRQ�WR�UHGXFH�WKHLU�VSHHG�ZKHQ�FXHG�E\�D�VLJQ�RU�ZKHQ�GULYLQJ�LQWR�D�IRJ�EDQN�
FRPSDUHG�WR�GULYLQJ�PDQXDOO\� ,Q�VLPXODWHG�WUDIILF�FRQIOLFWV�ZKHUH�WKHUH�LV�D�QHHG�WR�EUDNH�IRU
VWDWLRQDU\�YHKLFOHV� GULYHUV�KDYH�EHHQ�VKRZQ�WR�QRW�QHFHVVDULO\�UHVSRQG�ZKHQ�$&& V\VWHPV�IDLO
WR�UHDFW� ,QVWHDG� DURXQG�����FROOLGH�ZLWK�WKH�VWDWLRQDU\�YHKLFOH��6WDQWRQ�HW DO���������GH :DDUG
HW DO���������1LOVVRQ�������� 5HVHDUFKHUV�KDYH�VRXJKW�WR�H[SODLQ�WKLV�LQ�D�QXPEHU�RI �GLIIHUHQW�ZD\V�
UDQJLQJ�IURP�GULYHU�H[SHFWDWLRQV�RI �V\VWHP�FDSDELOLWLHV�WR�EDG�FRPPXQLFDWLRQ�E\�WKH�V\VWHP� RU
WKDW�WKH�GULYHU�LV�QR�ORQJHU�DQ�LQWHJUDO�SDUW�RI �WKH�FRQWURO�ORRS� *RLQJ�EDFN�WR�WKH�SUHYLRXV
GLVFXVVLRQV�RQ�GHOHJDWLQJ�FRQWURO��VHH�&KDSWHU������ LW�LV�LPSRUWDQW�WR�SRLQW�RXW�WKDW�D�VORZHU
GULYHU�UHVSRQVH� LV�QRW� LQ� LWVHOI �IDXOW\�EHKDYLRXU� ,W� LV� VXLWDEOH�ZKHQ�XVLQJ�$&& WR�DOORZ� LW� D
FKDQFH�WR�UHVSRQG�EHIRUH�GHFLGLQJ�WR�VWHS�LQ� (UYLQ�HW DO���������DOVR�VSHFXODWH�WKDW�WKH�UDULW\
RI �WUDIILF�FRQIOLFWV�H[FHHGLQJ�V\VWHP�EUDNLQJ�FDSDFLW\�PDNHV�LW�GLIILFXOW�IRU�GULYHUV�WR�DVVHVV�WKH
VLWXDWLRQ�FRUUHFWO\�VWUDLJKW�DZD\�

'HVSLWH�WKH�IDLUO\�FRQFXUUHQW�UHVHDUFK�SRLQWLQJ�WR�GULYHUV·�VORZHU�UHVSRQVH�WLPHV�ZLWK�DX�
WRPDWLRQ� SUREOHPV�ZLWK�VORZHU�UHVSRQVH�WLPHV�RU�D�QHJOHFW�WR�UHVSRQG�KDYH�VR�IDU�QRW�EHHQ
DSSDUHQW�ZLWK�FRPPHUFLDOO\�DYDLODEOH�V\VWHPV�LQ�UHDO�WUDIILF� 2QH�UHDVRQ�PD\�EH�WKH�DGGLWLRQ�RI
IRUZDUG�FROOLVLRQ�ZDUQLQJ��)&:���DOHUWLQJ�GULYHUV�WR�WKH�ULVN�RI �LPPLQHQW�FROOLVLRQ� )&: ZDV
QRW�SUHVHQW�LQ�WKH�VWXGLHV�E\�1LOVVRQ�RU�6WDQWRQ�HW DO�� GULYHUV�KDG�WR�GLDJQRVH�WKH�VLWXDWLRQ�E\
WKHPVHOYHV� $ VLJQDO� OLNH�)&: FRXOG�KDYH�OHG�WR�UHVXOWV�EHLQJ�PRUH�VLPLODU�WR�WKDW�RI �0HUDW
HW DO��������� ZKR�IRXQG�WKDW�WKH�UHVSRQVH�WLPH�ZKHQ�GULYHUV�SHUIRUPHG�D�ODQH�FKDQJH�WR�DYRLG
FROOLVLRQ�DV�DGYLVHG�E\�D�VLJQ�ZDV�VLPLODU�WR�WKDW�LQ�PDQXDO�GULYLQJ� 7KHUH�DUH�RWKHU�VWXGLHV�WKDW
LQGLFDWH�D�ODFN�RI �GLIIHUHQFH�LQ�UHVSRQVH�WLPHV�EHWZHHQ�PDQXDO�DQG�DXWRPDWHG�PRGHV�DV�ZHOO�
EXW�RQO\�LQ�FHUWDLQ�VLWXDWLRQV� ,Q�1LOVVRQ�������� DQRWKHU�VFHQDULR�UHTXLUHG�GULYHUV�WR�UHVSRQG
WR�D�VXGGHQ�FXW�LQ�VLWXDWLRQ�DIWHU�WKH�YHKLFOH�FXWWLQJ�LQ�KDG�DFWLYDWHG�LWV� LQGLFDWRUV� +HUH� QR

��
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GLIIHUHQFH�EHWZHHQ�VXSSRUWHG�DQG�XQVXSSRUWHG�PRGHV�ZDV�IRXQG� :K\�WKH�GULYHUV�UHVSRQGHG
GLIIHUHQWO\�LQ�1LOVVRQ·V�FXW�LQ�VLWXDWLRQ�FRPSDUHG�WR�LPPLQHQW�FROOLVLRQ�LQ�RWKHU�VWXGLHV�LV�QRW
FOHDU� 0DOWD�HW DO���������DOVR�UHSRUW�IURP�WKH�(XUR)27 WULDOV�WKDW�ZKHQ�UHDO�GULYLQJ�VLWXDWLRQV
H[FHHGHG�WKH�EUDNLQJ�FDSDELOLWLHV�RI �$&&��WKH�ZDUQLQJV�SUHVHQWHG�E\�$&&�)&: ZHUH�HQRXJK
DQG�GULYHUV�UHVSRQGHG�LQ�WLPHO\�IDVKLRQ� 3URDFWLYH�UHVSRQVHV�DUH�QRW�PHQWLRQHG� EXW�GULYHUV�KDG
QR�ZRUVH�RU�EHWWHU�UHVSRQVH�WLPHV�ZLWK�$&& WKDQ�ZLWKRXW�ZKHQ�UHVSRQGLQJ�WR�)&: ZDUQLQJV�

7KH�QH[W�VWHS�LQ�FRQWLQXRXV�YHKLFOH�DXWRPDWLRQ�LV� OLNHO\�WR�EH�DXWRPDWHG�VWHHULQJ� ZKLFK
FRXOG�IXUWKHU�´GLVFRQQHFWµ�GULYHUV�IURP�WKH�LPPHGLDWH�GULYLQJ�WDVN� +RZHYHU� WKH�DGGLWLRQ�RI
DXWRPDWHG�VWHHULQJ�WR�DQ�$&& IXQFWLRQ�GRHV�QRW�QHFHVVDULO\�DIIHFW�EUDNH�UHVSRQVH�WLPHV�PRUH
WKDQ�$&& GRHV��6WDQWRQ�HW DO���������<RXQJ�DQG�6WDQWRQ�������� HYHQ�WKRXJK�DXWRPDWHG�VWHHULQJ
PD\�GHFUHDVH�ZRUNORDG��6WDQWRQ�HW DO���������)OHPLVFK�HW DO���������&DUVWHQ�HW DO��������� (YHQ
VR� VWHHULQJ�UHVSRQVHV�PD\�EH�DIIHFWHG� )OHPLVFK�HW DO���������VXJJHVW�WKDW�ZKHQ�GULYHUV�ZHUH
DOORZHG�WR�XVH�WKHLU�KDQGV�IRU�RWKHU�WKLQJV�WKDQ�VWHHULQJ�DQG�QRW�WROG�WR�DOZD\V�NHHS�WKHLU�KDQGV
RQ�WKH�ZKHHO� WKH\�IDLOHG�WR�NHHS�WKH�YHKLFOH�RQ�WKH�URDG�ZKHQ�WKH�DXWRPDWHG�VWHHULQJ�VWRSSHG
ZRUNLQJ� 6KDUHG�FRQWURO�ZLWK�DXWRPDWLRQ�E\�DOZD\V� LQVLVWLQJ�RQ�SK\VLFDO�GULYHU�FRQWDFW�ZLWK
YHKLFOH�FRQWUROV�PD\�EH�SUHIHUUHG� DV�LW�ZRXOG�DOORZ�WKH�GULYHU�WR�H[SHULHQFH�PRUH�DVSHFWV�RI
YHKLFOH�FRQWURO�DV�WKH�V\VWHP�FRPPXQLFDWHV� LWV�DFWLRQV�ZLWK�WKH�GULYHU�WR�D� ODUJHU�H[WHQW��H�J�
.LHQOH�HW DO���������1RUPDQ�������� ,Q�D�VWXG\�RI �D�VKDUHG�FRQWURO�ODQH�NHHSLQJ�DVVLVWDQFH�V\VWHP�
DVVLVWHG�DQG�QRQ�DVVLVWHG�GULYHUV�ERWK�ZHUH�HTXDOO\�VXFFHVVIXO�LQ�DYRLGLQJ�DQ�REVWDFOH�E\�VWHHULQJ
�0DV�HW DO���������

��� 6XPPDU\�DQG�HPSLULFDO�JDSV

'ULYHUV� ODUJHO\�DSSHDU� WR� OHDUQ�$&& OLPLWDWLRQV�RQ� WKH�JR� DQG�GR�QRW� UHPHPEHU� OLPLWDWLRQV
WKH\�KDYH�PHUHO\�UHDG�DERXW��/ODQHUDV��������%HJJLDWR�DQG�.UHPV�������� 7KLV�DOVR�PHDQV�WKDW
ZLWK�WLPH� PRUH�RI �WKH�V\VWHP·V�OLPLWDWLRQV�DUH�NQRZQ�WR�WKH�GULYHUV��'LFNLH�DQG�%R\OH��������
5HVHDUFKHUV��H�J��GH :DDUG�HW DO���������DOVR�VXJJHVW�WKDW�LPSURYLQJ�WKH�GULYHU·V�XQGHUVWDQGLQJ�RI
WKH�V\VWHP·V�OLPLWV�RXJKW�WR�IXQFWLRQ�DV�D�PLWLJDWLQJ�IDFWRU�WR�PDNH�WKH�GULYHU�UHVSRQG�TXLFNHU
LQ�FULWLFDO�VLWXDWLRQV� +RZHYHU� NQRZLQJ�V\VWHP�OLPLWDWLRQV�DQG�WKH�FULWLFDOLW\�RI �D�WUDIILF�FRQIOLFW
PD\�QRW�QHFHVVDULO\�EH�WKH�FDXVH�RI �GULYHU�UHVSRQVHV� GULYHUV�PD\�LQVWHDG�OHDUQ�WR�UHVSRQG�WR
WKH�V\VWHP·V�UHVSRQVH�WR�HYHQWV��$XVW�HW DO���������(UYLQ�HW DO��������� 7KH�VSHHG�DQG�SHUKDSV
PDQQHU�LQ�ZKLFK�H[SHULHQFHG�XVHUV�DQG�QRYLFH�XVHUV�UHVSRQG�WR�$&& EHKDYLRXU�PD\�WKHUHIRUH
EH�GLIIHUHQW�

7KH�XVH�RI �$&& GRHV�QRW�DIIHFW�7+: RU�VSHHG�LQ�D�GLVWLQFW�ZD\� UHVXOWV�SRLQW�ERWK�WR�LQ�
FUHDVHV�DQG�GHFUHDVHV��6DDG��������'UDJXWLQRYLF�DQG�%URRNKXLV�������� +RZHYHU� GULYHUV·�WDFWLFDO
GULYLQJ�GHFLVLRQV�DUH�DIIHFWHG� 'ULYHUV�DUH�UHOXFWDQW�WR�LQWHUYHQH�ZLWK�WKH�$&& DQG�SUHIHU�WR�VWD\
LQ�WKH�IDVW�ODQH�ZLWK�WKH�V\VWHP��+RHGHPDHNHU�DQG�%URRNKXLV��������)DQFKHU�HW DO���������6DDG
DQG�9LOODPH�������� 7KHUH�DUH�VRPH�LQGLFDWLRQV�WKDW�GULYHUV�FKDQJH�WKHLU�RYHUWDNLQJ�EHKDYLRXU
ZLWK�$&&��LQ�RUGHU�WR�DYRLG�WKH�V\VWHP·V�GLVWDQFH�DGMXVWPHQW�LQWHUIHULQJ��5DMDRQDK�HW DO���������
7DFWLFDO�EHKDYLRXU�KDV�QRW�EHHQ�VWXGLHG�LQ�)27V� EXW�WKH�UHVHDUFK�VR�IDU�LQGLFDWHV�WKDW�GULYHUV
NHHS�IHZHU�YHU\�VKRUW�WLPH�KHDGZD\V�ZLWK�$&& �(UYLQ�HW DO���������$ONLP�HW DO���������0DOWD�HW DO��
������ZKLFK�PD\�VHUYH�DV�LQGLFDWLYH�RI �FKDQJHG�GULYHU�EHKDYLRXU� 6DDG�DQG�9LOODPH��������LQ
6DDG��������DOVR�VWUHVV�WKH�LPSRUWDQFH�RI �WDNLQJ�FRQWH[W�LQWR�DFFRXQW�ZKHQ�VWXG\LQJ�WKH�HIIHFWV
RI �GULYLQJ�DXWRPDWLRQ� 6HPL�DXWRPDWHG�YHKLFOHV�DGG�WR�WKH�GULYHUV·�VRXUFHV�RI �LQIRUPDWLRQ�DQG
SURYLGH�QRYHO�ZD\V�WR�LQWHUDFW�ZLWK�WKH�YHKLFOH� 7KHVH�FKDQJHV�DIIHFW�WKH�FRQGLWLRQV�LQ�ZKLFK
WKH�GULYLQJ�WDVN�LV�SHUIRUPHG� LQIOXHQFLQJ�LW�E\�LWV�GHVLJQ� 'ULYLQJ�ZLWK�$&& RU�VLPLODU�V\VWHPV
PD\�HQWDLO�WKDW�VRPH�HQYLURQPHQWV�FKDQJH�LPSRUWDQFH� DV�ZKDW�ZDV�EHIRUH�D�VLPSOH�FXUYH�UH�

��



/DUVVRQ���$XWRPDWLRQ�DQG�WKH�QDWXUH�RI �GULYLQJ

TXLULQJ�WKH�GULYHU�WR�HDVH�RII �WKH�DFFHOHUDWRU�PD\�UHTXLUH�D�GLIIHUHQW�UHVSRQVH�RU�EHKDYLRXU�ZLWK
WKH�V\VWHP� +RZHYHU� IHZ�VWXGLHV�KDYH�DLPHG�VSHFLILFDOO\�DW�LQYHVWLJDWLQJ�GULYHU�LQWHUDFWLRQ�ZLWK
$&& �6DDG�HW DO��������� 7KHUHIRUH� WKH�TXHVWLRQ�RI �KRZ�GULYHUV�WDNH�$&& V\VWHP�EHKDYLRXU�LQWR
DFFRXQW�ZKHQ�GULYLQJ�LV�VWLOO�QRW�TXLWH�FOHDU�

5HVHDUFKHUV�DUH�DOVR�LQWHUHVWHG�LQ�WKH�DELOLW\�RI �GULYHUV�WR�UHFODLP�FRQWURO�LQ�WUDIILF�FRQIOLFWV
LI �WKH�V\VWHP�IDLOV��6WDQWRQ�HW DO���������GH :DDUG�HW DO���������1LOVVRQ�������� 5HVXOWV�LQGLFDWH
WKDW�GULYHUV�DUH�VORZHU�WR�UHVSRQG�LQ�VLWXDWLRQV�ZLWK�DXWRPDWLRQ�IDLOXUH�WKDQ�LQ�D�PDQXDO�FRQ�
WURO�VLWXDWLRQ� 6\VWHP�IDLOXUHV�KDYH�VR�IDU�QRW�EHHQ�UHSRUWHG�IURP�)27 VWXGLHV� ZKHUHIRUH�VXFK
RFFXUUHQFHV�DUH�OLNHO\�WR�EH�KLJKO\�XQFRPPRQ� 5HVSRQVHV�WR�FULWLFDO�WUDIILF�FRQIOLFWV�LQ�WKH�(XUR�
)27 VWXG\�GR�QRW�SRLQW�WR�DQ\�VLJQLILFDQW�FKDQJHV�LQ�UHVSRQVH�WLPHV��0DOWD�HW DO��������� 6\VWHPV
DUH�XQOLNHO\�WR�IDLO� KDYLQJ�EHHQ�WHVWHG�H[WHQVLYHO\�EHIRUH�UHOHDVH� +RZHYHU� WKHLU�IXQFWLRQDO�DQG
RSHUDWLRQDO�OLPLWDWLRQV�ZLOO�IRUFH�WKH�GULYHU�WR�UHFODLP�FRQWURO�DW�VRPH�SRLQW�ZKLOH�GULYLQJ�ZLWK
WKH�V\VWHP� SURPSWHG�E\�WKH�V\VWHP�RU�QRW� ,W�ZRXOG�WKHUHIRUH�EH�RI �JUHDW�LQWHUHVW�WR�VWXG\
VLWXDWLRQV�WKDW�DULVH�PRUH�RIWHQ� ZKHUH�WKH�GULYHU�VWLOO�IHHOV�FRPSHOOHG�WR�UHFODLP�FRQWURO�

7KH�DSSHDUDQFH�DQG�KDQGOLQJ�RI �PRUH�FRPPRQO\�DSSHDULQJ�WUDIILF�FRQIOLFW�VLWXDWLRQV�DOVR
FRQVWLWXWH�WKH�OHDUQLQJ�VHW�IRU�GULYHUV�OHDUQLQJ�V\VWHP�OLPLWDWLRQV��6LPRQ��������'LFNLH�DQG�%R\OH�
������6WUDQG�HW DO��������� 7KH�VWXGLHV�UHYLHZHG�DERYH� EDU�YHU\�IHZ� VWXG\�QRYLFH�XVHUV�DQG�WKHLU
UHVSRQVHV�WR�GULYLQJ�ZLWK�$&&��7KHUH�LV�D�ODFN�RI �VWXGLHV�ORRNLQJ�DW�H[SHULHQFHG�XVHUV·�UHVSRQVHV�
DQG�NQRZOHGJH�RI �KRZ�WKH\�PD\�EH�GLIIHUHQW�IURP�WKRVH�RI �QRYLFHV� +DYLQJ�OHDUQHG�KRZ�$&&
ZRUNV�VKRXOG�OHDG�WR�D�GLIIHUHQFH�EHWZHHQ�H[SHULHQFHG�XVHUV�DQG�QRYLFH�XVHUV�LQ�WKHLU�UHVSRQVH
WR�V\VWHP�DFWLRQV�DQG�WDFWLFDO�FRQVLGHUDWLRQV�LQ�YDULRXV�FLUFXPVWDQFHV� :KHQ�GULYHUV�EHFRPH
DFFXVWRPHG�WR�GULYLQJ�ZLWK�$&&��WKH\�GR�DSSHDU�WR�FKDQJH�WKHLU�XVDJH�RI �WKH�V\VWHP��H�J��'LFNLH
DQG�%R\OH�������� ,W�LV�OLNHO\�WKDW�GULYHUV·�SODQV�DQG�WDFWLFDO�EHKDYLRXUV�IRU�DFFRPSOLVKLQJ�WKH
WDVN�RI �GULYLQJ�FKDQJH�DV�WKH\�EHFRPH�XVHG�WR�WKH�V\VWHP�KDQGOLQJ�VRPH�RI �WKH�FDU�IROORZLQJ
LWVHOI� 7KH�HYHQWV�UHTXLULQJ�GULYHU�DWWHQWLRQ�DUH�OLNHO\�WR�EH�GLIIHUHQW�ZKHQ�GULYLQJ�RQ�WKHLU�RZQ
FRPSDUHG�WR�ZKHQ�GHOHJDWLQJ�FRQWURO�WR�D�FRQWLQXRXV�VXSSRUW�V\VWHP�RI �VRPH�VRUW� +DYLQJ
SUHYLRXV�H[SHULHQFH�ZLWK�$&& PD\�WKHUHIRUH�DOVR�DIIHFW�GULYHUV·�XVH�RI �IXWXUH�DXWRPDWLRQ� VXFK
DV�$&&ZLWK�WKH�DGGLWLRQ�RI �DFWLYH�VWHHULQJ��$&&�$6���:LWK�WKH�DGGLWLRQ�RI �ODWHUDO�FRQWURO� VRPH
RI �WKH�GULYHUV·�KDELWXDO�EHKDYLRXUV�ZLWK�$&& PD\�WUDQVIHU� $V�LW�LV�OLNHO\�WKDW�WKRVH�ZKR�RZQ
$&& WRGD\�ZLOO�EH�DPRQJ�WKH�ILUVW�WR�XVH�$&&�$6��LW�LV�LQWHUHVWLQJ�WR�VWXG\�LI �DQG�KRZ�WKRVH
XVHG�WR�$&& UHVSRQG�ZKHQ�GULYLQJ�ZLWK�$&&�$6�

��



3HUKDSV�LW�ZRXOG�EH�VLPSOHU�LI �\RX�MXVW�GLG�ZKDW�\RX·UH�WROG
DQG�GLGQ·W�WU\�WR�XQGHUVWDQG�WKLQJV�

��7HUU\�3UDWFKHWW��6RXUFHU\�

� 5HVHDUFK�TXHVWLRQV

7KH�PDLQ�VHWWLQJ�IRU�WKLV�WKHVLV�LV�GULYHU�GHOHJDWLRQ�RI �FRQWURO�WR�$&& LQ�FRPPRQO\�RFFXUULQJ
ERUGHUOLQH�WUDIILF�FRQIOLFWV�ZKHUH�GULYHUV�PD\�RU�PD\�QRW�ZLVK�RU�QHHG�WR�UHFODLP�PDQXDO�FRQWURO�
7KH� IRFXV� OLHV�RQ�KRZ�GULYHUV� LQFRUSRUDWH� ORQJLWXGLQDO� DXWRPDWLRQ� LQWR� WKHLU� WDFWLFDO�GULYLQJ
GHFLVLRQV� E\�VWXG\LQJ�ERWK�H[SHULHQFHG�DQG�LQH[SHULHQFHG�$&& XVHUV� 7KH�DLP�DQG�KRZ�WKH
UHVHDUFK�TXHVWLRQV�FRQQHFW�WR�WKH�IRXU�SDSHUV�FDQ�EH�VHHQ�LQ�)LJXUH����� 7KHUH�DUH�WKUHH�VWXGLHV�
UHSRUWHG� LQ� WKH� IRXU�SDSHUV� DSSHQGHG� WR� WKH� WKHVLV� 2QH�TXHVWLRQQDLUH� VWXG\� �3DSHU� ,���RQH
VLPXODWRU�VWXG\��3DSHU�,, DQG�3DSHU�,,,� DQG�D�)27 GDWDEDVH�VWXG\��3DSHU�,9���7KH�UHVXOWV�LQ
3DSHU�,, UHSRUWHG�LQ�&KDSWHU�� DOVR�LQFOXGH�VRPH�IXUWKHU�DQDO\VLV�RI �WKH�GDWD�RQO\�UHSRUWHG�LQ
WKH�WKHVLV�

)LUVW� WKH�HIIHFWV�RI �H[SHULHQFH�ZLWK�$&& RQ�UHVSRQGLQJ�WR�FRPPRQ�WUDIILF�FRQIOLFW�VLWXD�
WLRQV�LV�VWXGLHG�WR�SURYLGH�DQ�DQVZHU�WR�KRZ�H[SHULHQFH�PD\�PDWWHU�ZKHQ�VWXG\LQJ�WKH�HIIHFWV
RI �ORQJLWXGLQDO�DXWRPDWLRQ� 7KHQ� D�EURDGHU�GHVFULSWLRQ�RI �FKDQJHV�WR�PDLQO\�WDFWLFDO�GULYLQJ
EHKDYLRXU�EURXJKW�RQ�E\�$&& LV�VWXGLHG� WR�H[SDQG�RQ�DQ\�ILQGLQJV�LQ�WKH�SUHYLRXV�TXHVWLRQ�
/DVWO\� D�FRPSDULVRQ�EHWZHHQ�$&& DQG�$&&�$6 LV�PDGH�LQ�RUGHU�WR�VHH�LI �H[SHULHQFH�ZLWK�$&&
PD\�DIIHFW�KRZ�GULYHUV�EHKDYH�ZLWK�DQ�HYHQ�PRUH�DGYDQFHG�W\SH�RI �FRQWLQXRXV�DXWRPDWLRQ�

��� 5HVHDUFK�TXHVWLRQ�����([SHULHQFH

◦ +RZ�GR�H[SHULHQFHG�$&& XVHUV�XQGHUVWDQG�DQG�UHVSRQG�WR�WKH�$&& V\VWHP�LQ�FRPPRQ
WUDIILF�FRQIOLFW�VLWXDWLRQV� FRPSDUHG�WR�QRYLFH�XVHUV" �3DSHU�,��,,, DQG�,,�

:LWK�PRUH�NQRZOHGJH�RI �V\VWHP�IXQFWLRQDOLW\�DQG�DFWLRQV� H[SHULHQFHG�GULYHUV�FRXOG�GHOHJDWH
FRQWURO�WR�$&& LQ�D�GLIIHUHQW�ZD\�WKDQ�QRYLFHV� KDYLQJ�DGDSWHG�WR�WKH�V\VWHP·V�OLPLWDWLRQV� 6WXG\�
LQJ�WKH�EHKDYLRXU�DQG�XQGHUVWDQGLQJ�RI �H[SHULHQFHG�$&& XVHUV�FRPSDUHG�WR�QHZ�XVHUV�FDQ�DOVR
UHYHDO�ZKHWKHU� WKHUH� LV�D�GLIIHUHQFH� LQ�KRZ�GULYHUV� UHVROYH�ZKLFK� WUDIILF�FRQIOLFWV� WKH�V\VWHP
FDQ�KDQGOH� DQG�ZKLFK�ERUGHUOLQH�FRQIOLFWV�WKDW�UHTXLUH�D�PDQXDO�UHVSRQVH� $ FRPELQDWLRQ�RI



/DUVVRQ���$XWRPDWLRQ�DQG�WKH�QDWXUH�RI �GULYLQJ

? Effects on future 
automation

Tactical considerations 
with ACC

Effects of  experience 
with ACC

Determine the effects of  ACC when 
handling commonly occurring situations that 

may require the driver to reclaim control

Driver understanding 
of  ACC limitations

Questionnaire

Using FOT data to 
determine influences on 
driver response time to 

cut-in situations

FOT database

Driver strategies when 
using ACC and ACC+AS 

in borderline traffic 
conflicts

Simulator

Effect of  experience with 
ACC when responding to 

a cut-in scenario

Simulator

? ?

I II III IV

Aim

)LJXUH ���� +RZ�WKH�HPSLULFDO�VWXGLHV�LQ�WKH�SDSHUV�FRQQHFW�WR�WKH�UHVHDUFK�TXHVWLRQV

DSSURDFKHV�FDQ�WKHUHIRUH�SURYLGH�D�PRUH�H[WHQVLYH�XQGHUVWDQGLQJ�RI �KRZ�UHVSRQVH�WLPHV� VWUDWH�
JLHV� DQG�NQRZOHGJH�RI �V\VWHP�OLPLWDWLRQV�LQWHUDFW�

7KLV�TXHVWLRQ�LV�ILUVW�DGGUHVVHG�ZLWK�D�TXHVWLRQQDLUH�VWXG\�ORRNLQJ�DW�KRZ�GULYHUV�ZLWK�YDULRXV
DPRXQWV�RI �H[SHULHQFH�ZLWK�$&& XQGHUVWDQG�WKH�V\VWHP��3DSHU�,���7KHQ� H[SHULHQFHG�DQG�QRYLFH
XVHUV�RI �$&& DUH�FRPSDUHG�LQ�D�VLPXODWRU�VWXG\� FRQWUDVWLQJ�WKHLU�UHVSRQVH�WLPHV��3DSHU�,,,� DQG
VWUDWHJLHV��3DSHU�,,� ZKHQ�XVLQJ�DXWRPDWLRQ�

��� 5HVHDUFK�TXHVWLRQ�����7DFWLFDO�FRQVLGHUDWLRQV

◦ :KLFK�WDFWLFDO�GULYLQJ�FRQVLGHUDWLRQ�FDQ�EH�IRXQG�LQ�FRPPRQ�WUDIILF�FRQIOLFW�VLWXDWLRQV
ZKHQ�GHOHJDWLQJ�FRQWURO�WR�$&&"��PDLQO\�3DSHU�,, DQG�,9��DOVR�3DSHU�,,,�

3UHYLRXV�VWXGLHV�RI �FKDQJHV�LQ�WKH�WDFWLFDO�DVSHFWV�RI �GULYLQJ�ZLWK�DXWRPDWLRQ�KDYH�ODUJHO\�EHHQ
GHVFULEHG�TXDQWLWDWLYHO\� VXFK�DV�WLPH�VSHQW� LQ�D�VSHFLILF� ODQH�RU� LI � WKH�GULYHU�RYHUWDNHV�RWKHU
YHKLFOHV�DW�DOO� $ PRUH�TXDOLWDWLYH�DSSURDFK�VKRXOG�EH�RI �EHQHILW�WR�GHVFULELQJ�EURDGHU�SDWWHUQV�RI
KRZ�GULYHU�VWUDWHJLHV�FKDQJH�ZKHQ�XVLQJ�DXWRPDWLRQ� KHOSLQJ�WR�HOXFLGDWH�RQ�WKH�UHDVRQV�EHKLQG
WKH� FKDQJHV� LQ� RYHUWDNLQJ�RU� ODQH�SRVLWLRQLQJ� %\� FRPSDULQJ� UHVSRQVH� WLPHV� LQ� D� VLPXODWHG
VFHQDULR�WR�WKH�FRUUHVSRQGLQJ�UHDO�ZRUOG�HYHQWV�DV�LQ�(XUR)27��IXUWKHU�FRQVLGHUDWLRQV�PDGH�E\
GULYHUV�LQ�WKH�UHDO�ZRUOG�PD\�EH�DVFHUWDLQHG�

7KLV�UHVHDUFK�TXHVWLRQ�LV�PDLQO\�LQYHVWLJDWHG�E\�GHWHUPLQLQJ�GULYHU�UHVSRQVHV�WR�FRPPRQ
ERUGHUOLQH� WUDIILF�FRQIOLFW�VFHQDULRV�VHW�XS� LQ�D�VLPXODWRU� 'ULYHU�EHKDYLRXU�ZLWK�DXWRPDWLRQ
ZLOO�EH�VWXGLHG�LQ�DQG�GXULQJ�WKH�DSSURDFK�WR�WKHVH�WUDIILF�FRQIOLFWV� ZKHUH�GULYHUV�PD\�ZLVK�WR
UHFODLP�PDQXDO�FRQWURO� 7KH�(XUR)27 GDWDEDVH�ZLOO�DOVR�EH�XVHG�WR�FRQWUDVW�UHVSRQVH�WLPHV�LQ
D�UHDO�ZRUOG�HYHQW�WR�WKH�VLPLODU�FXW�LQ�HYHQW�LQ�3DSHU�,,, �3DSHU�,9��

��
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��� 5HVHDUFK�TXHVWLRQ�����(IIHFWV�RQ�IXWXUH�DXWRPDWLRQ

◦ 'R�GULYHUV�EHKDYH�DQG�UHVSRQG�WKH�VDPH�ZD\�ZLWK�$&& WKDW�DOVR�LQFOXGHV�D�ODWHUDO�FRP�
SRQHQW�DV�WKH\�GR�ZLWK�RUGLQDU\�$&& LQ�FRPPRQ�WUDIILF�FRQIOLFW�VLWXDWLRQV" �3DSHUV�,,
DQG�,,,�

7KHUH�LV�OLWWOH�XQGHUVWDQGLQJ�RI �ZK\�GULYHUV·�DWWHQWLRQ�VWUDWHJLHV�DUH�GLIIHUHQW�ZLWK�ODWHUDO�DXWRPD�
WLRQ�WKDQ�ORQJLWXGLQDO�DXWRPDWLRQ��&DUVWHQ�HW DO��������� DQG�DOVR�ZKDW�PD\�EH�WKH�PHFKDQLVPV
EHKLQG�EHKDYLRXUDO�DGDSWDWLRQ� 8QFRYHULQJ�WKH�ZRUNLQJV�EHKLQG�DQ\�FKDQJHV�LQ�WDFWLFDO�GULYHU
EHKDYLRXU�ZRXOG�HQDEOH�D�SUHGLFWLRQ�RI �WKH�HIIHFWV�RI �IXWXUH�V\VWHPV� DQG�DOORZ�WKH�GHVLJQ�RI
V\VWHPV�EHWWHU�VXLWHG�WR�KXPDQ�FRJQLWLRQ� &RPSDULQJ�ERWK�WDFWLFDO�GULYHU�UHVSRQVHV�DQG�SXUH
UHVSRQVH�WLPH�PHDVXUHV�LQ�GLIIHUHQW�VFHQDULRV�ZLWK�$&& DQG�$&&�$6 HQDEOHV�D�GLVFXVVLRQ�RI
VRPH�RI �WKH�EHKDYLRXUDO�HIIHFWV�DQG�FRQVLGHUDWLRQV�WKDW�GULYHUV�PDNH�ZLWK�WKHVH�V\VWHPV�

7KLV� UHVHDUFK�TXHVWLRQ� LV�DGGUHVVHG�E\�GHVLJQLQJ�ERUGHUOLQH� WUDIILF�FRQIOLFW�VFHQDULRV�DQG
WHVWLQJ�WKHP�LQ�D�VLPXODWRU� +HUH� FRPSDULVRQV�DUH�PDGH�EHWZHHQ�GULYHU�UHVSRQVHV�ZKHQ�GULYLQJ
ZLWK�$&& DQG�$&& ZLWK�DFWLYH�VWHHULQJ��$&&�$6���&RPSDULVRQV�DUH�DOVR�PDGH�WR�LQWHQWLRQDO
FDU�IROORZLQJ� D�´PDQXDOµ�ZD\�WR�GHOHJDWH�GHFLVLRQV�RI �ZKHUH�WR�GULYH� LQ�RUGHU�WR�GHWHUPLQH
ZKHWKHU�FRJQLWLYH�DQG�DXWRPDWLRQ�EDVHG�GHOHJDWLRQ�DUH�VLPLODU�

��





7KHUH�LVQ·W�D�ZD\�WKLQJV�VKRXOG�EH�
7KHUH·V�MXVW�ZKDW�KDSSHQV� DQG�ZKDW�ZH�GR�

��7HUU\�3UDWFKHWW��$ +DW�)XOO�RI �6N\�

� (PSLULFDO�VWXGLHV

7KLV�FKDSWHU�VXPPDULVHV�WKH�PHWKRGV�DQG�UHVXOWV�IURP�WKH�HPSLULFDO�VWXGLHV�SHUIRUPHG�IRU
WKLV�WKHVLV� )RU�D�PRUH�GHWDLOHG�GHVFULSWLRQ�RI �WKH�PHWKRGV�FKRVHQ�DQG�WKH�GDWD� VHH�WKH�SDSHUV
DWWDFKHG� 7KH�VWXGLHV�ZHUH�FRQGXFWHG�IURP������WR������ XVLQJ�WKUHH�PDLQ�PHWKRGV� D�VXUYH\
E\�TXHVWLRQQDLUH��6WXG\�,���D�VLPXODWRU�VWXG\��6WXG\�,,� DQG�D�GDWDEDVH�VWXG\��6WXG\�,,,��

��� 6WXG\�,
'ULYHU�XQGHUVWDQGLQJ�RI �$&& OLPLWDWLRQV

7KLV�VWXG\�LV�UHSRUWHG�LQ�3DSHU�,��7KH�SXUSRVH�RI �WKH�VWXG\�ZDV�WR�LQYHVWLJDWH�WR�ZKDW�H[WHQW
RZQHUV�RI �$&& HTXLSSHG�YHKLFOHV�NQRZ�WKH�OLPLWDWLRQV�RI �WKH�$&& V\VWHP� DQG�KRZ�WKH\�XVH
WKH�V\VWHPV�LQ�UHDO�OLIH�VLWXDWLRQV� $ TXHVWLRQQDLUH�ZDV�HPSOR\HG�LQ�RUGHU�WR�UHDFK�DV�PDQ\�XVHUV
DV�SRVVLEOH�

����� 0HWKRG

$ TXHVWLRQQDLUH� FRPSULVLQJ����TXHVWLRQV��WUDQVODWHG�YHUVLRQ�LQ�DSSHQGL[�� ZDV�VHQW�E\�SRVW�WR
RZQHUV�RI �9ROYR�;&���LGHQWLILHG�ZLWK�WKH�KHOS�RI �WKH�6ZHGLVK�FDU�UHJLVWHU� 9ROYR�;&���ZDV
FKRVHQ�GXH�WR�WKH�KLJK�UDWH�RI �$&& V\VWHPV�ERXJKW�E\�RZQHUV� DURXQG�����DFFRUGLQJ�WR�9ROYR
&DUV�6ZHGHQ��SHUVRQDO�FRPPXQLFDWLRQ� ������ 7KH�;&��·V�ZHUH�UHJLVWHUHG�LQ�6ZHGHQ�EHWZHHQ
�����DQG������ DV�WKLV�ZDV�WKHQ�D�QHZ�PRGHO� &XUUHQWO\� QR�UHFRUGV�RI �WKH�DGGLWLRQ�RI �$'$6 WR
YHKLFOHV�H[LVW�LQ�WKH�6ZHGLVK�FDU�UHJLVWHU� 7KURXJK�WKH�FDU�UHJLVWHU� ����DGGUHVVHV�RI �9ROYR�;&��
RZQHUV�ZHUH�LGHQWLILHG� SURYLGLQJ�D�PD[LPXP�RI �URXJKO\�����UHVSRQGHQWV�ZLWK�$&&��7R�DVVLVW
GULYHUV�LQ�GHWHUPLQLQJ�LI �WKH\�VKRXOG�DQVZHU�WKH�TXHVWLRQQDLUH�RU�QRW� D�WKRURXJK�H[SODQDWLRQ�RI
WKH�GLIIHUHQFHV�EHWZHHQ�FRQYHQWLRQDO�FUXLVH�FRQWURO�DQG�$&& ZDV�HQFORVHG� 2QO\�GULYHUV�ZLWK
$&& ZHUH�HQFRXUDJHG�WR�DQVZHU�WKH�TXHVWLRQQDLUH�
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7KH�DLP�RI �WKH�TXHVWLRQQDLUH�ZDV�IRU�WKH�UHVSRQGHQWV�WR�SURYLGH�WKHLU�XQGHUVWDQGLQJ�RI �$&&
DQG�LWV�OLPLWDWLRQV� DQG�WR�JHQHUDWH�K\SRWKHVHV�IRU�IXWXUH�VWXGLHV� 7KH�TXHVWLRQQDLUH�FRPSULVHG
���TXHVWLRQV� DQG�WRRN�DERXW����PLQXWHV�WR�FRPSOHWH� $V�WKLV�ZDV�DQ�H[SORUDWLYH�DQG�SUHGRP�
LQDQWO\�TXDOLWDWLYH�VWXG\� QR�VWDWLVWLFDO�DQDO\VLV�RI �WKH�DQVZHUV�ZDV�XQGHUWDNHQ� ,QVWHDG� DQVZHUV
VKRXOG�EH�VHHQ�DV�DQ�LQGLFDWLRQ�RI �ZKDW�W\SHV�RI �OLPLWDWLRQV�RZQHUV�DUH�DZDUH�RI� 4XHVWLRQV�ZHUH
SULPDULO\�LQ�IUHH�IRUP� DQG�UHVSRQGHQWV�ZHUH�UHTXLUHG�WR�ZULWH�GRZQ�WKHLU�DQVZHU�PDQXDOO\� )UHH
IRUP�TXHVWLRQV�ZHUH�XVHG�WR�DYRLG�LQIOXHQFLQJ�WKH�UHVSRQGHQWV�XQQHFHVVDULO\� $V�NQRZOHGJH�RI
V\VWHP�OLPLWDWLRQV�ZDV�VSDUVH�DW�WKH�WLPH�RI �WKLV�VWXG\�RQ�EHKDOI �RI �WKH�DXWKRU� LQFOXGLQJ�D�OLVW�RI
WKH�NQRZQ�OLPLWDWLRQV�PD\�KDYH�FDXVHG�WKH�UHVSRQGHQWV�WR�IRFXV�RQ�WKHP�XQGXO\� WKXV�QRW�OLVWLQJ
RU�UHIHUULQJ�WR�RWKHU�OLPLWDWLRQV�WKH\�NQHZ�DERXW� 7KH�GLVDGYDQWDJH�RI �IUHH�IRUP�TXHVWLRQV�LV
WKDW�WKLV�GHVLJQ�UHOLHV�RQ�WKH�UHVSRQGHQWV·�PHPRU\�DQG�XQGHUVWDQGLQJ�WR�D�KLJKHU�GHJUHH� DV�ZHOO
DV�EHLQJ�PRUH�WLPH�FRQVXPLQJ�DQG�HIIRUWIXO�WR�FRPSOHWH� 7KHUHIRUH� WKH�UHVXOWV�DUH�SUREDEO\
RQ�WKH�FRQVHUYDWLYH�VLGH�FRPSDUHG�WR�JLYLQJ�SDUWLFLSDQWV�D�OLVW�RI �SRVVLEOH�V\VWHP�OLPLWDWLRQV�WR
VHOHFW�IURP�
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Experience with ACC 

)LJXUH ���� 'ULYHU·V�H[SHULHQFH�RI �XVLQJ�WKHLU�$&&�HTXLSSHG�YHKLFOH

����� 3DUWLFLSDQWV

2I �WKH�����TXHVWLRQQDLUHV� ����ZHUH�UHWXUQHG� 4XHVWLRQQDLUH�UHVSRQVHV�ZHUH�H[DPLQHG�WR�HOLP�
LQDWH�GULYHUV�ZKR�GLG�QRW�KDYH�$&&��DQG�RQH�DQVZHU�ZDV�GLVFDUGHG�DV�D�UHVXOW� 7KLV�OHIW����
UHVSRQGHQWV�ZLWK�$&& LQ�WKHLU�YHKLFOHV� DW�D�UHVSRQVH�UDWH�RI �����FRPSDUHG�WR�WKH�WKHRUHWLFDO
PD[LPXP�RI �����UHVSRQGHQWV������RI �WKH�WRWDO�QXPEHU�RI �;&���RZQHUV�� 2I �WKHVH� ����ZHUH
PHQ�DQG����ZHUH�ZRPHQ� 2QH�UHVSRQGHQW�GLG�QRW�SURYLGH�LQIRUPDWLRQ�RQ�JHQGHU� 1LQH�RI �WKH
UHVSRQGHQWV� IRXU�ZRPHQ�DQG�ILYH�PHQ� FODLPHG�WR�QHYHU�XVH�WKH�V\VWHP��VHYHUDO�PHQWLRQLQJ
WKDW�LW�GLG�QRW�VXLW�WKHLU�GULYLQJ�VW\OH��DQG�ZHUH�H[FOXGHG�IURP�WKH�DQDO\VLV� OHDYLQJ�D�WRWDO�RI ����
UHVSRQGHQWV�

��
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����� 5HVXOWV

7KH�SDUWLFLSDQWV�KDG�XVHG�WKH�V\VWHP�IRU�XS�WR�DSSUR[LPDWHO\����PRQWKV� KDOI �RI �WKHP�OHVV�WKDQ
��PRQWKV�DQG�WKH�RWKHU�KDOI �PRUH�WKDQ���PRQWKV��VHH�)LJXUH������ 5HVSRQGHQWV�GURYH�D�PHGLDQ
RI ��������NP�\HDU� WR�EH�FRPSDUHG�WR�WKH�6ZHGLVK�QDWLRQDO�DYHUDJH�RI ��������NP�\HDU��LQ������
VHH 6,.$�������� $JHV�UDQJHG�WKURXJK�DOO�DJH�EUDFNHWV�SURYLGHG� IURP�EHORZ����WR�RYHU���� ZLWK
KDOI �RI �WKH�UHVSRQGHQWV�LQ�WKH�DJH�EUDFNHW�������\HDUV� 'ULYHUV�UHSRUWHG�SULPDULO\�XVLQJ�$&& RQ
PRWRUZD\V�DQG�RWKHU�ODUJHU�URDGV� +DOI �RI �WKH�UHVSRQGHQWV�GLVHQJDJHG�WKH�V\VWHP�ZKHQ�HQWHULQJ
FLWLHV�

'ULYHUV�PHQWLRQ�WKH�SK\VLFDO�VHQVDWLRQ�RI �DFFHOHUDWLRQ�DV�D�FXH�WR�WKH�V\VWHP�KDYLQJ�ORVW
UDGDU�FRQWDFW�ZLWK�WKH�OHDG�YHKLFOH�LQ�VKDUS�FXUYHV��VHH�7DEOH������ ���RI �WKH�����UHVSRQGHQWV
������DOVR�UHSRUWHG�KDYLQJ�H[SHULHQFHG�LQVHFXULW\�RI �ZKHWKHU�WKH�V\VWHP�ZDV�RQ�RU�RII �XQWLO
DFWLRQ�ODFN�WKHUHRI �DOHUWHG�WKHP�WR�WKH�IDFW�

0RVW�UHVSRQGHQWV�UHSRUWHG�EHLQJ�DZDUH�RI �OLPLWDWLRQV�LQ�WKH�V\VWHP� EXW����GLG�QRW� 7KH
PRVW�FRPPRQO\�UHSRUWHG�OLPLWDWLRQ�ZDV�FDU�IROORZLQJ�LQ�VKDUS�FXUYHV� ZKHUH�WKH�UDGDU�FDQ�ORVH
FRQWDFW�DQG�WKH�V\VWHP�VXEVHTXHQWO\�VSHHGV�XS� 2WKHU�NQRZQ�OLPLWDWLRQV�FDQ�EH�VHHQ�LQ�7DEOH
����

Limitation Quote

Sharp bends ”The car ‘loses’ contact in relatively sharp bends, and speeds 
up as a consequence.”

”When the vehicle in front brakes sharply, I sometimes have 
to revert to manual control.”

Vehicle in front braking sharply

”The speed goes down just as I am about to overtake [the car 
that I have just reached].”

Overtaking on the fly

Vehicle cutting in ”When someone squeezes into my lane in front of  me. 
Sharp braking!”

Translation from Swedish by the author

7DEOH ���� 6DPSOH�RI �WKH�OLPLWDWLRQV�UHSRUWHG�E\�WKH�SDUWLFLSDQWV� ZLWK�TXRWHV�

'HSHQGLQJ�RQ�KRZ�ORQJ�WKH�GULYHU�KDG�XVHG�WKH�V\VWHP� WKH�QXPEHU�RI �GULYHUV�ZKR�VWDWH
NQRZOHGJH�RI �DW�OHDVW�RQH�V\VWHP�OLPLWDWLRQ�LQFUHDVHG��VHH�)LJXUH������ )RU�WKH�PRUH�H[SHULHQFHG
XVHUV� µVLPSOHµ�OLPLWDWLRQV�VXFK�DV�SUREOHPV�LQ�VKDUS�FXUYHV�ZHUH�PHQWLRQHG�OHVV� ZLWK�PRUH
VSHFLILF�H[DPSOHV�VXFK�DV�V\VWHP�SHUIRUPDQFH�LQ�VQRZIDOO�VXUIDFLQJ�

%ULHI �GLVFXVVLRQ 7KH�NH\�ILQGLQJ�IURP�WKLV�VWXG\�ZDV�WKDW�WKH�NQRZOHGJH�RI �V\VWHP�OLPLWD�
WLRQV�LQFUHDVHG�ZLWK�WKH�DPRXQW�RI �WLPH�VSHQW�ZLWK�WKH�V\VWHP� 7KH�FRPSOH[LW\�RI �WKH�OLPLWDWLRQV
PHQWLRQHG�DOVR�LQFUHDVHG�ZKHQ�GULYHUV�KDG�PRUH�H[SHULHQFH�ZLWK�WKH�V\VWHP� 'ULYHUV�DOVR�PHQ�
WLRQ�WKH�SK\VLFDO�VHQVDWLRQ�RI �DFFHOHUDWLRQ�DV�DQ�LPSRUWDQW�FXH�WR�V\VWHP�VWDWH� ,W�ZDV�DOVR�HYLGHQW
WKDW�VRPH�GULYHUV�FKRVH�QRW�WR�XVH�WKH�V\VWHP�DV�WKH\�FODLPHG�LW�GLG�QRW�VXLW�WKHLU�GULYLQJ�VW\OH�

��
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Declaring ACC system is without limitations 

Owning period

)LJXUH ���� 3HUFHQWDJH�RI �UHVSRQGHQWV� LQ�WKH�UHVSHFWLYH�JURXSV�ZKR�FODLP�WKDW�WKH�$&& V\VWHP�KDV�QR
OLPLWDWLRQV� HDFK�DGGV�XS�WR������

��� 6WXG\�,,
5HVSRQGLQJ�LQ�WDFWLFDOO\�LPSRUWDQW�GULYLQJ�VLWXDWLRQV

7KH�UHVXOWV�RI �WKLV�VWXG\�DUH�UHSRUWHG�LQ�3DSHU�,, DQG�3DSHU�,,,�

$ VLPXODWRU�VWXG\�ZDV�GHVLJQHG�WR�DOORZ�WKH�LQYHVWLJDWLRQ�RI �GULYHU�UHVSRQVHV�LQ�GLIIHUHQW
WUDIILF�VFHQDULRV�UHTXLULQJ�D�WDFWLFDO�HYDOXDWLRQ�RI �WKH�VLWXDWLRQ� 7KH�LQWHQWLRQ�ZDV�DOVR�WR�FRPSDUH
QRYLFH�XVHUV�RI �$&& WR�WKRVH�ZLWK�SUHYLRXV�H[SHULHQFH�RI �WKH�V\VWHP� WKXV�OLPLWLQJ�WKH�UHOHYDQW
VDPSOH� )RXU�GLIIHUHQW�GULYLQJ�FRQGLWLRQV�ZHUH� WHVWHG� LQ� WKH�VWXG\� WR�H[DPLQH� WKH�HIIHFWV�RI
PHQWDOO\�RU�SK\VLFDOO\�GHOHJDWLQJ�ORQJLWXGLQDO�DQG�ODWHUDO�FRQWURO�

7KH�DXWRPDWLRQ�LQFOXGHG�WKH�XVH�RI �WZR�$&&�W\SH�V\VWHPV� RQH�ZDV�D�W\SLFDO�$&& V\VWHP�
WKH�RWKHU�ZDV�EDVHG�RQ�WKH�VDPH�$&& V\VWHP�EXW�ZLWK�WKH�DGGLWLRQ�RI �DFWLYH�VWHHULQJ��$&&�$6��
%RWK�V\VWHPV�ODFNHG�)&: GXH�WR�OLPLWDWLRQV�LQ�WKH�VLPXODWRU� 7ZR�W\SHV�RI �PDQXDO�GULYLQJ�ZHUH
DOVR�WHVWHG� PDQXDO�GULYLQJ�ZLWK�WKH�LQVWUXFWLRQ�WR�IROORZ�WKH�URDG� DQG�PDQXDO�GULYLQJ�ZLWK�WKH
LQVWUXFWLRQ�WR�IROORZ�D�VSHFLILF�YHKLFOH�LQ�IURQW��LQWHQWLRQDO�FDU�IROORZLQJ� ,&)���,QWHQWLRQDO�FDU
IROORZLQJ�KDV�SUHYLRXVO\�EHHQ�VKRZQ�WR�IRFXV�GULYHUV·�JD]H�RQ�WKH�YHKLFOH�LQ�IURQW� DQG�DIIHFW
WKHLU�DWWHQWLRQ�WR�WKH�IRUZDUG�URDGZD\��VHH�6HFWLRQ ����� RQ�SDJH ��� 'HOHJDWLQJ�ODWHUDO�SK\VLFDO
FRQWURO�DV�ZHOO�DV�ORQJLWXGLQDO�FRQWURO�WR�D�V\VWHP�KDV�EHHQ�K\SRWKHVLVHG�WR�DIIHFW�GULYHU�DWWHQWLRQ�
DV�LW�UHPRYHV�WKH�GULYHU�IXUWKHU�IURP�WKH�PDQXDO�DVSHFWV�RI �GULYLQJ��HJ� &DUVWHQ�HW DO���������

$OO�VFHQDULRV�ZHUH�GHVLJQHG�VR�WKDW�WKH�GULYHU�ZRXOG�IHHO�WKH�QHHG�WR�LQWHUYHQH�LI �GULYLQJ�LQ
PDQXDO�PRGH� ,I �GULYLQJ�LQ�DXWRPDWHG�PRGH� WKH�V\VWHP�ZRXOG�UHVSRQG�DW�WKH�ODVW�VHFRQG�WR
DYRLG�D�FROOLVLRQ�LI �WKH�GULYHU�QHJOHFWHG�WR�DFW�

��
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����� 3DUWLFLSDQWV

3DUWLFLSDQWV�ZHUH�UHFUXLWHG�LQ�WZR�VWHSV� 3DUWLFLSDQWV�QHZ�WR�$&& ZHUH�UHFUXLWHG�E\�PHDQV�RI �WKH
6ZHGLVK�1DWLRQDO�5RDG�DQG�7UDQVSRUW�5HVHDUFK�,QVWLWXWH��97,� GDWDEDVH�RI �LQWHUHVWHG�PHPEHUV
RI �WKH�SXEOLF� 3DUWLFLSDQWV�ZLWK�SUHYLRXV�H[SHULHQFH�RI �$&& ZHUH�UHFUXLWHG�ZLWK�WKH�KHOS�RI
9ROYR�&DUV�6ZHGHQ� %RWK�VHWV�RI �SDUWLFLSDQWV�ZHUH�ILUVW�VHQW�DQ�H�PDLO�GHVFULELQJ�WKH�EDVLFV
RI �WKH�VWXG\�DQG�DVNLQJ�LI �WKH\�ZHUH�LQWHUHVWHG� ,I �UHVSRQGLQJ�LQ�D�SRVLWLYH�PDQQHU� WKH\�ZHUH
ERRNHG�IRU�WKH�VWXG\�DQG�VHQW�WKH�EDFNJURXQG�TXHVWLRQQDLUH� $V�WKRVH�GULYLQJ�FDUV�ZLWK�$&&
JHQHUDOO\�GULYH�PRUH�WKDQ�WKH�QDWLRQDO�DYHUDJH��VHH�3DSHU�,���DQ�HIIRUW�ZDV�PDGH�WR�UHFUXLW�QRYLFHV
WR�$&& ZKR�DOVR�GURYH�PRUH�WKDQ�DYHUDJH� 0RUH�LQIRUPDWLRQ�RQ�WKH�SDUWLFLSDQWV�FDQ�EH�VHHQ
LQ�7DEOH�����

'XH�WR�WHFKQLFDO�GLIILFXOWLHV� QRW�DOO�SDUWLFLSDQWV�FRPSOHWHG�DOO�FRQGLWLRQV� 'HWDLOV�IROORZ�LQ
WKH�UHVXOWV�RI �WKH�VSHFLILF�VWXGLHV�

Experienced ACC 
users

(N = 21)

Novices to ACC
                           

(N = 10)

Total
                             

(N = 31)

Age 55 (10) 38 (9) 50 (12)
Years with driver’s license 36 (10) 19 (8) 31 (12)
Total annual mileage, in 
kilometers

29 000 (13 000)

median: 25 000

30 400 (33 000)

median: 22 500

30 000 (21 000)

median: 25 000
Years with ACC 1.6 (2) - -
Annual mileage with ACC, 
in kilometers

18 000 (11 000)

median: 15 000

- -

Experienced with ACC, 
n = 21 (sd)

Novices to ACC, 
n = 10 (sd)

Total, n = 31
(sd)

Age

Years with driving license

Annual mileage (km)

Years with ACC

Annual mileage with 
ACC (km)

55 (sd 10)

36 (sd 10)

29 000 (sd 13 000)
median: 25 000

1.6 (sd 2)

18 000 (sd 11 000)
median: 15 000

30 400 (sd 33 000)
median: 22 500

30 000 (sd 21 000)
median: 25 000

-

38 (sd 9) 50 (sd 12)

31 (sd 12)

-

- -

19 (sd 8)

7DEOH ���� %DFNJURXQG�LQIRUPDWLRQ�RQ�WKH�SDUWLFLSDQWV�LQ�6WXG\�,,��PHDQV��VWDQGDUG�GHYLDWLRQ�LQ�EUDFNHWV�

����� (TXLSPHQW�DQG�PDWHULDOV

7KH� VLPXODWRU�XVHG�ZDV� WKH�97, 'ULYLQJ�6LPXODWRU� ,,,�� D�PRYLQJ�EDVH� VLPXODWRU�ZLWK� OLQHDU
PRWLRQ� LQ�WKH� ODWHUDO�GLUHFWLRQ� UROO�DQG�SLWFK�PRYHPHQW�RI �WKH�ZKROH�VLPXODWRU� DV�ZHOO�DV�D
YLEUDWLRQ�WDEOH�IRU�VLPXODWLQJ�EXPSV�DQG�URDG�URXJKQHVV� 7KH�VLPXODWRU�LV�HTXLSSHG�ZLWK�VL[
+' SURMHFWRUV� DQG�KDV�D�ILHOG�RI �YLHZ�RI �����GHJUHHV� 7KUHH�/&' VFUHHQV�ZHUH�XVHG�DV�PLUURUV�
)RU�IXUWKHU�LQIRUPDWLRQ�DERXW�WKH�VLPXODWRU� VHH�3DSHUV�,, DQG�,,,�

3DUWLFLSDQWV�ZHUH�DVNHG�WR�FRPSOHWH�D�TXHVWLRQQDLUH�RQ�WKHLU�GHPRJUDSKLF�EDFNJURXQG�DQG
H[SHULHQFH�ZLWK�$&& EHIRUH�FRPLQJ�WR�GULYH�WKH�VLPXODWRU� 3DUWLFLSDQWV�ZHUH�ODWHU�LVVXHG�ZLWK
TXHVWLRQQDLUHV�RQ�WKHLU�WUXVW�LQ�WKH�V\VWHPV� WKHLU�DWWLWXGHV�WRZDUGV�WKH�DXWRPDWHG�V\VWHPV� DQG
KRZ�WKH\�H[SHULHQFHG�WKH�VFHQDULRV�

7KH�$&& DQG�$&&�$6 V\VWHPV�ERWK�KDG�D�PD[LPXP�EUDNH�DQG�DFFHOHUDWLRQ�IRUFH� DQG�WRRN
D�VHFRQG�WR�ORFN�RQ�WR�D�YHKLFOH�HQWHULQJ�LQ�IURQW�RI �LW� 'ULYHUV�ZHUH�UHTXHVWHG�WR�DOZD\V�NHHS
DW�OHDVW�RQH�KDQG�LQ�FRQWDFW�ZLWK�WKH�VWHHULQJ�ZKHHO� ZKHQ�GULYLQJ�ZLWK�$&&�$6��7KH�DVVLVWHG
VWHHULQJ�FRXOG�IROORZ�PRVW�WXUQV� EXW�ZKHQ�WKH�\DZ�UDWH�H[FHHGHG�����VHFRQG�WKH�V\VWHP�ZDV
VLPXODWHG�WR�VWRS�IXQFWLRQLQJ�DQG�LVVXHG�D�ZDUQLQJ�VLJQDO� $W�WKH�ZDUQLQJ�VLJQDO� WKH�GULYHU�PXVW
LPPHGLDWHO\�UHVXPH�FRQWURO�DV�WKH�VWHHULQJ�V\VWHP�QR�ORQJHU�LV�DFWLYH� 7KH�GULYHUV�FRXOG�QRW
DGMXVW�V\VWHP�VSHHG�RU�FKRVHQ�7+:��7KHVH�ZHUH�SUH�VHW�DW����NP�K�DQG�����VHFRQGV�UHVSHFWLYHO\�

��
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WR�DOORZ�IRU�VRPH�DFFHOHUDWLRQ� 7KH�FKRLFH�RI �����VHFRQGV�ZDV�PDGH�DV�LQIRUPDO�LQWHUYLHZV�ZLWK
XVHUV��QRW�UHSRUWHG��KDG�LQGLFDWHG�WKDW�D�PLG�OHYHO�7+: ZDV�WKH�PRVW�FRPPRQO\�XVHG�

*D]H�EHKDYLRXU�ZDV�PHDVXUHG�ZLWK� WKH�6PDUW�(\H�3UR� UHPRWH� H\H�WUDFNLQJ� V\VWHP�ZLWK
IRXU�FDPHUDV� *D]H�WUDFNLQJ�DYDLODELOLW\�OD\�DW�RYHU����� 7KH�WLPH�GXULQJ�ZKLFK�WKH�JD]H�FDVHV
ZHUH�VDPSOHG�YDULHV�ERWK�ZLWK�HYHQW�DQG�LQGLYLGXDO� EXW�HQFRPSDVVHG�DERXW�����VHFRQGV� $V�DQ
LQGLFDWRU�RI �DWWHQWLRQ�WR�WKH�URDGZD\� SHU�FHQW�URDG�FHQWUH��35&� ZDV�FRPSXWHG�IRU�WKH�PRPHQWV
RI �D�VFHQDULR�GXULQJ�ZKLFK�DQ�DFWLRQ�ZDV�UHTXLUHG� 35& LV�GHILQHG�DV�WKH�SHUFHQWDJH�RI �YDOLG�JD]H
FDVHV�ORFDWHG�ZLWKLQ�D�FLUFOH�RI �HLJKW�GHJUHHV�UDGLXV�DURXQG�WKH�FHQWUH�RI �WKH�JD]H�GLVWULEXWLRQ
RI �WKH�ZKROH�WULS��.LUFKHU�HW DO��������� 7KH�SHUFHQWDJH�RI �JODQFHV�WR�WKH�PLUURUV�ZHUH�DOVR
UHJLVWHUHG�DV�DQ�LQGLFDWRU�IRU�PRQLWRULQJ�EHKDYLRXU�

����� 3URFHGXUH

'ULYHUV�ILUVW�FRPSOHWHG�D�WUDLQLQJ�VFHQDULR�RI ����PLQXWHV� DOORZLQJ�WKHP�WR�JHW�XVHG�WR�WKH�$&&
DQG�$&&�$6 V\VWHPV� %HIRUH�WKH�WUDLQLQJ�VFHQDULR� DOO�GULYHUV�ZHUH�LQIRUPHG�DERXW�WKH�V\VWHPV·
IXQFWLRQDOLW\�DQG�IXQFWLRQDO�OLPLWDWLRQV� 7KH�VFHQDULRV�ZHUH�GULYHQ�LQ�D�ZLWKLQ�VXEMHFWV�UHSHDWHG
PHDVXUHV�GHVLJQ�LQ�IRXU�GLIIHUHQW�FRQGLWLRQV� PDQXDO�GULYLQJ� LQWHQWLRQDO�FDU�IROORZLQJ� $&& DQG
$&&�$6��'ULYLQJ�FRQGLWLRQV�DV�ZHOO�DV�HYHQW�RUGHU�ZHUH�FRXQWHUEDODQFHG� )RU�HDFK�FRQGLWLRQ�
GULYLQJ�WRRN����PLQXWHV�RYHU�D�FRXUVH�RI �DSSUR[LPDWHO\����NP� 7KH�GULYH�FRQVLVWHG�RI �ILYH�HYHQWV
�IRXU�RI �ZKLFK�DUH�UHSRUWHG�LQ�WKLV�FKDSWHU��DV�ZHOO�DV�VLQJOH�FDUULDJHZD\V�FRQQHFWLQJ�WKHP� 7KH
ILIWK�HYHQW�LV�WKH�VXEMHFW�RI �D�IRUWKFRPLQJ�SDSHU�

)XUWKHU�LQIRUPDWLRQ�FDQ�EH�IRXQG�LQ�3DSHUV�,, DQG�,,, �DSSHQGHG��

����� 3DSHU�,,��'ULYHU�VWUDWHJLHV�ZKHQ�XVLQJ�$&& DQG�$&&�$6 LQ�ERUGHUOLQH
WUDIILF�FRQIOLFWV

7KH�FKDQJHV�LQ�WDFWLFDO�GULYLQJ�EHKDYLRXU�LQ�ERUGHUOLQH�WUDIILF�FRQIOLFWV�ZLWK�DXWRPDWLRQ�ZHUH
LQYHVWLJDWHG�IRU�WKLV�SDSHU� 7KHUH�ZDV�DOVR�DQ�DWWHPSW�WR�FRQQHFW�WUXVW�LQ�DXWRPDWLRQ�WR�GULYHU
EHKDYLRXU�ZLWK�WKH�V\VWHPV� WR�GHWHUPLQH�LI �WUXVW�DIIHFWHG�GULYHU�UHVSRQVHV��VHH�5DMDRQDK�HW DO��
������ 7KUHH�VFHQDULRV�ZHUH�H[DPLQHG� LQ�ZKLFK�HLWKHU�HQYLURQPHQWDO�FRQVWUDLQWV�RU�WKH�DFWLRQV
RI �RWKHU�YHKLFOHV�IRUFHG�WKH�SDUWLFLSDQW�WR�UHVSRQG��7DEOH������ 2QH�SDUWLFLSDQW�ZDV�H[FOXGHG
GXH�WR�WHFKQLFDO�GLIILFXOWLHV�

)RU�WKH�DQDO\VLV� ZKHWKHU�DQG�ZKHUH�WKH�GULYHU�KDG�EUDNHG�RU�VWHHUHG�ZDV�GHWHUPLQHG� DV�ZHOO
DV�LI �DQG�KRZ�WKH�GULYHU�GHDFWLYDWHG�WKH�V\VWHP� +RZ�IDU�DQG�IRU�KRZ�ORQJ�WKH�GULYHU�FURVVHG
WKH�ODQH�PDUNLQJV�ZDV�DOVR�GHWHUPLQHG�

5HVXOWV 7UXVW�LQ�DXWRPDWLRQ�ZDV�KLJK�IRU�ERWK�V\VWHPV�DPRQJVW�WKH�SDUWLFLSDQWV� DQG�QR
FRQQHFWLRQ�EHWZHHQ�WUXVW�OHYHOV�DQG�EHKDYLRXU�ZLWK�DXWRPDWLRQ�FRXOG�EH�IRXQG� +LJK�WUXVW�LQ
RQH�V\VWHP�ZDV�QRW�FRUUHODWHG�WR�KLJK�WUXVW�LQ�WKH�RWKHU� 'ULYHUV�H[KLELWHG�GLIIHUHQW�JD]H�SDWWHUQV
GHSHQGLQJ�RQ�WKH�VLWXDWLRQV� EXW�QR�GLIIHUHQFHV�ZLWK�UHJDUG�WR�WKH�IRXU�GULYLQJ�FRQGLWLRQV�ZDV
IRXQG� )RU�WKH�EURNHQ�FDU�VFHQDULR� GULYHUV�WHQGHG�WR�UHDFW�HDUOLHU�LQ�WKH�IXOO\�PDQXDO�FRQGLWLRQ
E\�HDVLQJ�RII �WKH�DFFHOHUDWRU�WKDQ�WKH\�GLG�LQ�WKH�,&) FRQGLWLRQ��RQH�VLGHG�;����� ����� S��������

'ULYHUV�DOVR�VHHPHG�WR�PDNH�LQIRUPHG�FKRLFHV�RQ�KRZ�DQG�ZKHQ�WR�XVH�DXWRPDWLRQ� DQG
ZKHQ�WR�VZLWFK�WKH�V\VWHP�RII �HLWKHU�YLD�YHKLFOH�FRQWUROV�RU�PDQXDOO\� ,Q�FDVHV�ZKHUH�WKH�V\VWHP
ZDV�QRW�H[SHFWHG�WR�EH�DEOH�WR�KDQGOH�WKH�VLWXDWLRQ� WKH�V\VWHP�ZDV�QRUPDOO\�VZLWFKHG�RII �EHIRUH
LW�UHDFKHG�LWV�OLPLWV� VXFK�DV�LQ�WKH�H[LW�VFHQDULR�IRU�$&&�$6��,I� RQ�WKH�RWKHU�KDQG� WKH�V\VWHP
ZDV�H[SHFWHG�WR�EH�DEOH�WR�KDQGOH�WKH�VLWXDWLRQ� PDQXDO�FRQWURO�ZDV�JHQHUDOO\�QRW�UHVXPHG�DV
LOOXVWUDWHG�E\�WKH�FXUYH�VFHQDULR�DQG�WKH�EURNHQ�FDU�VFHQDULR� ,Q�WKH�EURNHQ�FDU�VFHQDULR� VRPH

��
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7DEOH ���� ,OOXVWUDWLRQV�DQG�GHVFULSWLRQV�RI �WKH�WKUHH�HYHQWV�VWXGLHG�IRU�3DSHU�,,��7KH�$&& YHKLFOH� LV� LQ
GDUN�JUD\� 7KH�OHIW��ILUVW��SDUW�RI �WKH�LPDJH�GHSLFWV�WKH�VWDUW�RI �WKH�HYHQW� WKH�ULJKW��VHFRQG��SDUW
GHSLFWV�WKH�PLGGOH�RI �WKH�HYHQW� ZKHQ�D�UHVSRQVH�LV�QHHGHG�

(YHQW�LOOXVWUDWLRQ (YHQW�GHVFULSWLRQ

a) b)

Steering: Follow

ACC: Follow

Steering: Warn and disconnect, 
curve too narrow
ACC: Accelerate, 
no lead vehicle

!     

6KDUS�FXUYH�VFHQDULR� :KHQ�HQWHULQJ�WKH�FXUYH
�D�� $&& DQG� $&&�$6 KDYH� UDGDU� FRQWDFW
ZLWK� WKH� OHDG� YHKLFOH� EXW� DV� WKH� FDU� GULYHV
IXUWKHU� LQWR� WKH� FXUYH� �E�� $&& ORVHV� FRQ�
WDFW�DQG�DFFHOHUDWHV� WKH�YHKLFOH�DV�$&&�$6
FDQQRW�VWHHU�DV�KDUG�DV�QHHGHG�DQG�ZDUQV�WKH
GULYHU�WR�UHFODLP�VWHHULQJ� DV�WKH�FXUYH�LV�WRR
VWHHS�

 

X X

!     

a) b)

Steering: Follow

ACC: Follow

Steering: Follow

ACC: Follow

%URNHQ� FDU� VFHQDULR� ,Q� LPDJH� �� WKH� OHDG� FDU
VZLWFKHV�ODQHV�RQ�D�����URDG�WR�DYRLG�WKH�EUR�
NHQ�FDU� WKH�SDUWLFLSDQW�QHHGV�WR�IROORZ��LP�
DJH���� 7KH�$&&�$6 V\VWHP�IROORZV�WKH�OHDG
FDU�DURXQG�WKH�EURNHQ�FDU��LPDJH���� GHVSLWH
WKH�DSSURDFKLQJ�YHKLFOH�LQ�WKH�RXWHU�ODQH� 7KH
$&& V\VWHP�UHTXLUHV�WKH�GULYHU�WR�VWHHU�

!     
Steering: Follow

ACC: Follow

Steering: Follow

ACC: Follow

a) b)
([LW�VFHQDULR� 7KH�OHDG�YHKLFOH�H[LWV�WKH�PDLQ
URDG��LPDJH���� DQG�WKH�$&&�$6 YHKLFOH�ZLOO
IROORZ�WKH�OHDG�FDU�RII �WKH�URDG�LI �DOORZHG��LP�
DJH���� $&& ZLOO�DFFHOHUDWH�WKH�$&& YHKLFOH
XQWLO�LW�ORFNV�RQWR�D�QHZ�OHDG�FDU�

GULYHUV�HYHQ�DFFHOHUDWHG�ZKLOH�VWLOO�DOORZLQJ�WKH�$&&�$6 V\VWHP�WR�IROORZ�WKH�OHDG�YHKLFOH� :KHQ
GULYLQJ�ZLWK�$&& LQ�WKH�FXUYH�VFHQDULR� ���GULYHUV�UHGXFHG�WKHLU�VSHHG�EHORZ�WKDW�RI �WKH�OHDG
YHKLFOH� ZKLOH�VL[�GLG�VR�ZKHQ�GULYLQJ�ZLWK�$&&�$6��:KHQ�GULYLQJ�ZLWKRXW�DXWRPDWLRQ� RQO\
VL[��PDQXDO��DQG�IRXU��,&)� GULYHUV�WRRN�QR�DFWLRQ� QHLWKHU�OLIWLQJ�WKHLU�IRRW�RII �WKH�DFFHOHUDWRU
QRU�SUHVVLQJ�WKH�JDV�SHGDO��VHH�7DEOH������

'ULYHU�JD]H�SDWWHUQV�YDULHG�DFFRUGLQJ�WR�WKH�VFHQDULRV��)��� ����� ������ S�������� EXW�JHQ�
HUDOO\�QRW�E\�WKH�GLIIHUHQW�FRQGLWLRQV� 7KH�H[FHSWLRQ�LV�WKH�H[LW�VFHQDULR� ZKHUH�WKH�DFWLRQV�RI
WKH�$&&�$6 V\VWHP�FDXVHG�GULYHUV�WR�ORRN�OHVV�DW�WKH�URDG�FHQWUH�WKDQ�LQ�WKH�RWKHU�FRQGLWLRQV�
,Q�WKH�EURNHQ�FDU�VFHQDULR� GULYHUV�ORRNHG�OHVV�DW�WKH�URDG�FHQWUH�DQG�PRUH�LQWR�WKH�PLUURUV�WKDQ
GXULQJ�WKH�FXUYH�RU�H[LW�VFHQDULRV�

:KHQ�WDNLQJ�H[SHULHQFH�ZLWK�$&& LQWR�DFFRXQW� WKRVH�SUHYLRXVO\�DFTXDLQWHG�ZLWK�$&& UH�
YHDO�VLJQLILFDQWO\�KLJKHU�OHYHOV�RI �WUXVW�LQ�$&& �W���� ����� S������� 1R�HIIHFW�RI �H[SHULHQFH�ZDV

��
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7DEOH ���� &RXQW�RI �GULYHU�FDVHV�LQ�WKH�FXUYH�VFHQDULR�RI �GULYHUV�GLG�QRW�UHVSRQG�ZLWK�WKHLU�IRRW� WKRVH�ZKR
HDVHG�RII �WKH�DFFHOHUDWRU� DQG�WKRVH�ZKR�SUHVVHG�WKH�EUDNH� $OO�GHSHQGLQJ�RQ�GULYLQJ�FRQGLWLRQ�

&RQGLWLRQ 1R�DFWLRQ�ZLWK�IRRW 2II �DFFHOHUDWRU %UDNLQJ

0DQXDO����� � �� �
,&) ���� � �� �
$&& ���� �� 1�$ ��

$&&�$6 ���� �� 1�$ �

IRXQG�IRU�WUXVW�LQ�$&&�$6��7KH�UHVSRQVHV�DQG�JD]H�SDWWHUQV�RI �H[SHULHQFHG�DQG�LQH[SHULHQFHG
XVHUV�RI �$&& ZHUH�ODUJHO\�VLPLODU� 6WLOO� VRPH�GLIIHUHQFHV�FRXOG�EH�IRXQG� ,Q�WKH�FXUYH�VFHQDULR�
RQO\�WKRVH�SUHYLRXVO\�H[SHULHQFHG�ZLWK�$&& FURVVHG�WKH�ODQH�PDUNLQJV�LQ�WKH�$&& FRQGLWLRQ�
ZKHUHDV�WKHUH�ZDV�QR�VXFK�GLIIHUHQFH�ZKHQ�GULYLQJ�ZLWK�$&&�$6��7KRVH�H[SHULHQFHG�ZLWK�$&&
DOVR�ORRNHG�OHVV�LQWR�WKH�PLUURUV�ZLWK�$&&�$6 LQ�WKH�FXUYH�VFHQDULR�WKDQ�GLG�WKH�QRYLFH�XVHUV�
W���� ������ S������ ,Q�WKH�EURNHQ�FDU�VFHQDULR� QR�EHKDYLRXUDO�GLIIHUHQFHV�ZHUH�IRXQG� EXW
WKHUH�ZDV�D�WHQGHQF\�LQ�WKH�$&& FRQGLWLRQ�IRU�WKRVH�H[SHULHQFHG�ZLWK�$&& WR�ORRN�OHVV�DW�URDG
FHQWUH� W���� ������ S������ /DVWO\� LQ�WKH�H[LW�VFHQDULR� QRQH�RI �WKH�GULYHUV�H[SHULHQFHG�ZLWK
$&& GHDFWLYDWHG�WKH�V\VWHP�E\�XVLQJ�WKH�EXWWRQ�LQ�WKH�$&& FRQGLWLRQ�EXW�QRYLFH�XVHUV�GLG�
,Q�WKH�$&&�$6 FRQGLWLRQ� VLPLODU�UDWHV�RI �GHDFWLYDWLRQ�E\�XVLQJ�WKH�EXWWRQV�ZHUH�H[KLELWHG�E\
ERWK�WKRVH�QHZ�WR�$&& DQG�SUHYLRXVO\�H[SHULHQFHG�ZLWK�$&&�

%ULHI �GLVFXVVLRQ 'ULYHUV�DSSHDU�WR�WDNH�V\VWHP�EHKDYLRXU�DQG�OLPLWDWLRQV�LQWR�DFFRXQW�
ZKHWKHU�WKH�V\VWHP�LV�$&& RU�$&&�$6��DQG�SODQ�WKHLU�DFWLRQV�DFFRUGLQJO\� 'ULYHUV�DOVR�DS�
SHDUHG�ZLOOLQJ�WR�GULYH�DFFRUGLQJ�WR�WKH�VSHHG�SURYLGHG�E\�$&& RU�$&&�$6 LQ�WKH�FXUYH�VFH�
QDULR� )HZ�GLVFRQQHFWHG�WKH�V\VWHPV�LQ�WKH�FXUYH� GHVSLWH�GHFUHDVLQJ�WKHLU�VSHHG�ZKHQ�GULYLQJ
ZLWK�PDQXDO�FRQWURO� HLWKHU�E\�UHIUDLQLQJ�IURP�DFFHOHUDWLQJ�RU�E\�SUHVVLQJ�WKH�EUDNH�SHGDO� ([�
SHULHQFH�ZLWK�$&& DSSHDUHG�QRW�RQO\�WR�EH�OLQNHG�WR�KLJKHU�WUXVW�LQ�WKH�$&& V\VWHP� EXW�DOVR�WR
GULYHU�EHKDYLRXU� 'ULYHUV�ZLWK�H[SHULHQFH�RI �$&& GLG�QRW�IHHO�D�QHHG�WR�GHDFWLYDWH�$&& ZKHQ
WKH�FXUUHQW�OHDG�FDU�OHIW�WKH�ODQH� EXW�DOORZHG�D�WUDQVIHU�RI �OHDG�FDU�WR�WKH�QH[W�LQ�IURQW� 7KLV�LV�RQH
RI �WKH�HYHQWV�WKH�V\VWHP�ZDV�GHVLJQHG�IRU� ZKHUHIRUH�H[SHULHQFH�FDXVLQJ�D�GLIIHUHQW�EHKDYLRXU�LV
QRW�VXUSULVLQJ� 6LPLODU�WUDQVIHU�HIIHFWV�ZHUH�QRW�IRXQG�ZLWK�$&&�$6��ZKHUH�WKRVH�XVHG�WR�$&&
DQG�WKRVH�LQH[SHULHQFHG�ZLWK�LW�EHKDYHG�LQ�ODUJHO\�VLPLODU�ZD\V�ZLWK�UHJDUG�WR�GHDFWLYDWLRQV� ,W
DOVR�VHHPHG�WKDW�,&) FRXOG�DIIHFW�GULYHU�VWUDWHJLHV� VR�WKDW�GULYHUV�ZHUH�VORZHU�WR�WDNH�WKHLU�IRRW
RII �WKH�DFFHOHUDWRU�ZKHQ�IROORZLQJ�WKDQ�ZKHQ�GULYLQJ�LQ�IXOO\�PDQXDO�DQG�LQGHSHQGHQW�PRGH�

*D]H�SDWWHUQV�ZHUH�DIIHFWHG�E\�GULYHU�H[SHULHQFH�LQ�ERWK�WKH�FXUYH�DQG�EURNHQ�FDU�VFHQDU�
LRV� WKRXJK�IRU�GLIIHUHQW�FRQGLWLRQV� 7KH�UHDVRQV�IRU�WKHVH�GLIIHUHQFHV�ZDUUDQW�IXUWKHU�VWXG\�
+RZHYHU� GULYHU�H[SHULHQFH�ZLWK�$&& DSSHDUV�WR�SOD\�D�UROH�LQ�KRZ�GULYHUV�ZRUN�ZLWK�$&&��DQG
WR�D�OHVVHU�GHJUHH�DOVR�$&&�$6��DQG�DOVR�WR�D�FHUWDLQ�H[WHQW�KRZ�GULYHUV�DOORFDWH�DWWHQWLRQ�ZKHQ
GULYLQJ�ZLWK�WKH�V\VWHPV�

����� 3DSHU�,,,��(IIHFWV�RI �H[SHULHQFH�ZLWK�$&& ZKHQ�UHVSRQGLQJ�WR�D�FXW�LQ
VFHQDULR

7KLV�SDUW�RI �WKH�VWXG\�IRFXVHG�RQ�WKH�HIIHFW�RI �H[SHULHQFH�ZLWK�$&& RQ�UHVSRQGLQJ�WR�V\VWHP
OLPLWDWLRQV�LQ�D�FXW�LQ�VLWXDWLRQ�IRU�ERWK�$&& DQG�$&&�$6 �VHH�7DEOH������ 8QGHUVWDQGLQJ�RI
V\VWHP�OLPLWDWLRQV�KDV�EHHQ�VXJJHVWHG�WR�LPSURYH�GULYHU�UHVSRQVHV�LQ�FULWLFDO�VLWXDWLRQV��GH:DDUG

��
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HW DO��������� 7KH�FXW�LQ�VLWXDWLRQ�FRQVLVWHG�RI �VORZ�PRYLQJ�WUDIILF�ZKHUH�D�YHKLFOH�IURP�WKH�OHIW
ODQH�LQ�D�����URDG�VXGGHQO\�XVHG�LWV�LQGLFDWRU�DQG�FXW�LQ�IURQW�RI �WKH�SDUWLFLSDQW·V�YHKLFOH� 6XFK
DQ�HYHQW�FDXVHG�WKH�$&& DQG�$&&�$6 V\VWHPV�WR�DFFHOHUDWH� WKH�ZD\�WKH�V\VWHP�ZHUH�GHVLJQHG
IRU� WKLV�VWXG\� DV� WKH\� WDNH�D�VHFRQG�WR� ODWFK�RQWR� WKH�QHZ�YHKLFOH� $V�EHIRUH� WKHUH�ZDV�QR
SRVVLELOLW\�RI �D�FROOLVLRQ� EXW�WKH�GULYHUV�ZHUH�PHDQW�WR�EH�XQFRPIRUWDEOH�DQG�ZDQW�WR�UHVSRQG�

)RU�WKH�DQDO\VLV� UHVSRQVH�WLPH�ZDV�FDOFXODWHG�DV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�YHKLFOH�LQGLFDWLQJ
DQG�WKH�SDUWLFLSDQW�SUHVVLQJ�WKH�EUDNH�

7DEOH ���� ,OOXVWUDWLRQ�DQG�GHVFULSWLRQ�RI �WKH�HYHQW�LQ�6WXG\�,,,��7KH�$&& YHKLFOH�LV�LQ�GDUN�JUD\�ZLWK�D
EODFN�IUDPH� 7KH�OHIW��ILUVW��SDUW�RI �WKH�LPDJH�GHSLFWV�WKH�VWDUW�RI �WKH�HYHQW� WKH�ULJKW��VHFRQG�
SDUW�GHSLFWV�WKH�PLGGOH�RI �WKH�HYHQW� ZKHQ�D�UHVSRQVH�LV�QHHGHG�

(YHQW�LOOXVWUDWLRQ (YHQW�GHVFULSWLRQ

a) b)

Steering: Follow

ACC: Follow

Steering: Follow

ACC: Accelerate, 
no lead vehicle

!     

&XW�LQ�VFHQDULR� $ YHKLFOH�IURP�WKH�RXWHU�ODQH
VXGGHQO\� LQGLFDWHV� �LPDJH� ��� DQG� HQWHUV� WKH
ULJKW�ODQH�LQ�EHWZHHQ�WKH�$&& YHKLFOH�DQG�WKH
OHDG�YHKLFOH��LPDJH���� EHFRPLQJ�WKH�QHZ�OHDG
YHKLFOH� 7KH�$&& DFFHOHUDWHV�WKH�$&& YHKL�
FOH�XSRQ�ORVLQJ�FRQWDFW�EHIRUH�DJDLQ�UHFRYHU�
LQJ�FRQWDFW�

5HVXOWV 2QO\�FDVHV�ZKHUH�WKH�SDUWLFLSDQWV�UHGXFHG�WKHLU�VSHHG�E\�EUDNLQJ�RU�GHDFWLYDWLQJ
WKH�V\VWHP�ZHUH�LQFOXGHG�LQ�WKH�DQDO\VLV� $V�QRW�DOO�SDUWLFLSDQWV�UHVSRQGHG�WR�WKH�FXW�LQ�HYHQW
E\�UHGXFLQJ�WKHLU�VSHHG�LQ�DOO�FRQGLWLRQV� WKH�VDPSOH�VL]HV�LQ�WKH�FRQGLWLRQV�YDU\� )RU�WKLV�UHD�
VRQ�.UXVNDOO�:DOOLV�WHVWV�ZHUH�HPSOR\HG�WR�H[DPLQH�GLIIHUHQFHV�LQ�UHVSRQVH�WLPH�EHWZHHQ�WKH
FRQGLWLRQV� IROORZHG�E\�SRVW�KRF�DQDO\VHV�ZLWK�0DQQ�:KLWQH\�

%RWK� WKH�QHZ�XVHUV�RI �$&& �= ������ S������� DQG� WKH� H[SHULHQFHG�$&& XVHUV� �0DQQ�
:KLWQH\�8 ����� S�������ZHUH�VORZHU�WR�UHVSRQG�LQ�WKH�DXWRPDWHG�FRQWURO�FRQGLWLRQV�WKDQ�LQ
WKH�PDQXDO�FRQWURO�FRQGLWLRQV� E\�DERXW�WZR�VHFRQGV� &RPSDULQJ�QHZ�DQG�H[SHULHQFHG�$&&
XVHUV� WKH�H[SHULHQFHG�$&& XVHUV�ZHUH�VLJQLILFDQWO\� IDVWHU� �DERXW�����VHFRQGV�� WR� UHVSRQG� LQ
DXWRPDWHG�FRQWURO�PRGHV�WKDQ�WKH�QHZ�XVHUV�ZHUH� 8 ���� S������ 1R�VXFK�GLIIHUHQFH�ZDV
IRXQG�LQ�WKH�PDQXDO�FRQWURO�PRGHV� 7KHUH�ZDV�QR�GLIIHUHQFH�LQ�UHVSRQVH�WLPHV�ZKHQ�GULYLQJ
ZLWK�$&& FRPSDUHG�WR�ZKHQ�GULYLQJ�ZLWK�$&&�$6�

%ULHI �GLVFXVVLRQ 7KH�TXLFNHU�UHVSRQVH�E\�WKH�H[SHULHQFHG�$&& XVHUV�PD\�EH�GXH�WR
WKHP�KDYLQJ�OHDUQHG�WR�UHVSRQG�WR�WKH�V\VWHP·V�DFFHOHUDWLRQ�UDWKHU�WKDQ�WR�WKH�VLWXDWLRQ�LWVHOI
�$XVW�HW DO��������� %RWK�JURXSV�UHVSRQG�VORZHU�ZLWK�DXWRPDWLRQ�WKDQ�ZLWKRXW� EXW�DV�WKH�V\VWHP
LV�GHVLJQHG�WR�KDQGOH�OHVV�DEUXSW�FXW�LQ�VLWXDWLRQV�WKHVH�UHVXOWV�ZHUH�QRW�XQH[SHFWHG�

��� 6WXG\�,,,
8VLQJ�)27 GDWD�WR�GHWHUPLQH�WKH�LQIOXHQFH�RI �$&& RQ�UHVSRQVH�WLPHV

7KH�UHVXOWV�RI �WKLV�VWXG\�DUH�SUHVHQWHG�LQ�3DSHU�,9��7KH�SXUSRVH�RI �WKH�VWXG\�ZDV�WR�GHWHUPLQH�WKH
HIIHFW�RI �$&& RQ�GULYHU�UHVSRQVH�WLPHV�LQ�UHDO�ZRUOG�VLWXDWLRQV� 3UHYLRXV�UHVHDUFK�KDV�LQGLFDWHG
WKDW�UHVSRQVH�WLPHV�LQFUHDVH�ZLWK�WKH�XVH�RI �DXWRPDWLRQ��H�J��0HUDW�DQG�-DPVRQ�������� 5HVHDUFK

��
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IURP�ILHOG�RSHUDWLRQDO�WHVWV��)27V��KDYH� KRZHYHU� SULPDULO\�LQGLFDWHG�WKDW�WKHUH�DUH�IHZHU�YHU\
VKRUW�IROORZLQJ�GLVWDQFHV�ZLWK�$&& WKDQ�ZLWKRXW��H�J� (UYLQ�HW DO���������$ONLP�HW DO���������
(YHQ�ZLWK�D�ORQJHU�UHVSRQVH�WLPH� LW�PD\�WKHUHIRUH�QRW�EH�DV�ULVN\�WR�GULYH�ZLWK�$&& DFWLYH� )LUVW�
KRZHYHU� WKHUH�LV�D�QHHG�WR�GHWHUPLQH�DQ\�GLIIHUHQFHV�LQ�UHVSRQVH�WLPH�ZLWK�DQG�ZLWKRXW�$&&
LQ�UHDO�WUDIILF� 7KH�SURSRVHG�PHWKRG�ZDV�WR�ILQG�FRPSDUDEOH�FXW�LQ�VLWXDWLRQV�LQ�WKH�(XUR)27
GDWDEDVH� DQG�VWDWLVWLFDOO\�GHWHUPLQH�WKH�LQIOXHQFH�RI �$&&��)27V�DOORZ�IRU�WKH�VWXG\�RI �XVHU
EHKDYLRXU�ZLWK�V\VWHPV�LQ�WKH�UHDO�ZRUOG� LQVWHDG�RI �LQ�DUWLILFLDO�VHWWLQJV�ZKHUH�XVHUV�DUH�DVNHG
WR�DFWLYDWH�WKH�V\VWHPV�LQ�VLWXDWLRQV�WKDW�PD\�EH�XQQDWXUDO�WR�WKHP� )RU�D�GLVFXVVLRQ�RI �VWXG\LQJ
GULYHU�EHKDYLRXU�LQ�)27 GDWD�FRPSDUHG�WR�VLPXODWRU�GDWD� VHH�6HFWLRQ�������

����� 2YHUYLHZ�RI �(XUR)27

7KH�GDWD�VHW�XVHG�LQ�WKLV�VWXG\�EHORQJHG�WR�9ROYR�&DU�&RPSDQ\� FRPSULVLQJ�WKHLU�SDUW�RI �WKH����
PRQWK�(XUR)27 SURMHFW� 7KH�GDWDEDVH�FRQWDLQV����PRQWKV�RI �GDWD�IURP�����YHKLFOHV� FROOHFWHG
EHWZHHQ������DQG������ $ WRWDO�RI �����GULYHUV�SDUWLFLSDWHG�LQ�WKH�VWXG\� DERXW�����GULYHUV�SHU�FDU�
7KH�YHKLFOHV�LQYROYHG�ZHUH�WKH�9ROYR�;&���DQG�9��� DQ�689 DQG�D�VWDWLRQ�ZDJRQ� 7KH�XSORDG
RI �GDWD�ZDV�QRW�FRPSOHWH�DW�WKH�WLPH�RI �WKLV�VWXG\� EXW�DW�OHDVW�WKUHH�PRQWKV�RI �EDVHOLQH�GULYLQJ
�ZLWKRXW�DFFHVV�WR�V\VWHPV��DQG�WKUHH�PRQWKV�RI �WUHDWPHQW�GULYLQJ��ZLWK�DFFHVV�WR�V\VWHPV��ZHUH
XSORDGHG�SHU�YHKLFOH� 7KH�WLPH�SHULRGV�GLG�QRW�QHFHVVDULO\�FRQQHFW� 7KH�WRWDO�GLVWDQFH�GULYHQ
LQ�WKH�DYDLODEOH�GDWD�ZDV���������NP� E\�����GULYHUV� )RU�PRUH�LQIRUPDWLRQ�RQ�WKH�(XUR)27
WULDOV� VHH�WKH�(XUR)27 ZHEVLWH� KWWS���ZZZ�HXURIRW�LS�HX

7KH�FDUV�ZHUH�HTXLSSHG�ZLWK�$&& DQG�)&:��'XULQJ�EDVHOLQH�GULYLQJ�QRQH�RI �WKHVH�V\VWHPV
ZHUH�DYDLODEOH� EXW�FRQYHQWLRQDO�FUXLVH�FRQWURO��&&&� ZDV� DQG�GXULQJ�WUHDWPHQW�$&& DQG�)&:
ZHUH�DYDLODEOH�ZKHUHDV�&&& ZDV�GLVDEOHG� 2WKHU�V\VWHPV�DYDLODEOH�LQ�WUHDWPHQW�ZHUH�EOLQG�VSRW
LQIRUPDWLRQ�DQG�D�GURZVLQHVV�ZDUQLQJ� 3DUWLFLSDQWV�FKRVH�IUHHO\�ZKHUH�WR�GULYH�DQG�ZKHQ�WR
DFWLYDWH�DQG�XVH�WKH�DYDLODEOH�V\VWHPV�

����� 3URFHGXUH

$Q�DWWHPSW�ZDV�PDGH�DW�GHWHFWLQJ�FXW�LQ�VLWXDWLRQV�WKDW�FDXVHG�WKH�GULYHU�WR�UHVSRQG�E\�EUDNLQJ�
7KLV�ZDV�ILUVW�DFFRPSOLVKHG�E\�D�VFULSW�WKDW�H[WUDFWHG�HYHQWV�IURP�WKH�GDWDEDVH�WKDW�FRUUHVSRQGHG
WR�D�VSHFLILF�VHW�RI �FULWHULD� OHDGLQJ�WR������FDVHV�EHLQJ�IRXQG� 7KH�FULWHULD�XVHG�ZDV�D�VKDUS
GHFUHDVH�LQ�7+:��QR�ODQH�FKDQJH�LQ�WKH�ODVW�WKUHH�VHFRQGV� DW�OHDVW�D�PRPHQWDU\�77& RI �OHVV
WKDQ�RQH�VHFRQG� DQG�WKDW�WKH�)27 YHKLFOH·V�GULYHU�SUHVVHG�WKH�EUDNH� 7KH�PDMRULW\�RI �HYHQWV
GHWHFWHG�ZHUH�KRZHYHU�PHUJLQJV�ZKHUH�LW�FRXOG�QRW�EH�VDLG�DQRWKHU�YHKLFOH�FXW�LQ�IURQW� 2QO\
FDVHV�ZKHUH�WKH�GULYHU�KDG�VHW�D�7+: RI �����VHFRQGV�RU�OHVV�ZHUH�LQFOXGHG�LQ�WKH�DQDO\VLV� IRU
WKH�UHVXOWV�WR�EH�FRPSDUDEOH�WR�WKRVH�LQ�3DSHU�,,,�

7KH�YLGHRV�WDNHQ�IURP�WKH�FDUV�RI � WKHVH�SRWHQWLDO�HYHQWV�ZHUH� LQVSHFWHG� DQG�����FXW�LQ
HYHQWV�ZKHUH�WKH�YHKLFOH�FDPH�IURP�WKH�ODQH�WR�WKH�ULJKW�ZHUH�LGHQWLILHG� 7RR�IHZ�HYHQWV�ZKHUH
WKH� YHKLFOH� FXWWLQJ� LQ� FDPH� IURP� WKH� OHIW�ZHUH� LGHQWLILHG� WR�ZDUUDQW� VWDWLVWLFDO� DQDO\VLV� 7KH
GLVWULEXWLRQ�RI �$&& DQG�&&& XVDJH�LQ�WKH�WUXH�FXW�LQ�HYHQWV�IURP�WKH�ULJKW�FDQ�EH�VHHQ�LQ�7DEOH
����

7KH�VLWXDWLRQV�ZHUH�WKHQ�DQDO\VHG�ZLWK�D�VWHSZLVH�OLQHDU�UHJUHVVLRQ�WR�GHWHUPLQH�ZKDW�IDFWRUV
DIIHFWHG�GULYHU�UHVSRQVH�WLPHV�WR�WKH�FXW�LQ�HYHQWV� 9DULDEOHV�ZHUH�LQFOXGHG�DQG�H[FOXGHG�EDVHG
RQ�S� 3 LQ�ZDV������DQG�S�RXW�ZDV������ 7KH�GHSHQGHQW�YDULDEOH�ZDV�EUDNH�UHVSRQVH�WLPH�WR
WKH�FXW�LQ�HYHQW�DV�GHWHFWHG�E\�WKH�VFULSW� ,QGHSHQGHQW�YDULDEOHV�ZHUH�$&& RU�&& XVDJH� WUDIILF
GHQVLW\� DQG�LI �WKH�V\VWHP�KDG�EHHQ�GHDFWLYDWHG�E\�EUDNLQJ�EHIRUH�WKH�FXW�LQ�HYHQW� 7KH�FRQWURO
YDULDEOHV� WULS�PRQWK� GULYHU�JHQGHU� GULYHU�DJH� GLVWDQFH�GULYHQ�EHIRUH� WKH�HYHQW� DQG�GULYLQJ

��
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ACC/CC use during eventsACC/CC use during eventsACC/CC use during events
Cruise system 

inactive
Cruise system 

active
CC available 90 126
ACC availabe 165 166

ACC/CCC use during all cut-in events

Cruise system
inactive

Cruise system
active

109 163

195 207

CCC available

ACC available

Total

Total 304 370

272

402

)LJXUH ���� 7KH�QXPEHU�RI �HYHQWV�LQ�HDFK�FDWHJRU\� ZLWK�&&& RU�$&& DYDLODEOH

H[SHULHQFH�ZHUH�DOVR�XVHG�LQ�RUGHU�WR�DYRLG�DQ\�LQWHUIHUHQFH�ZLWK�WKH�UHVXOWV� 7KH�DLP�RI �WKH
DQDO\VLV�ZDV�QRW� WR�FRPH�XS�ZLWK�D�PRGHO� WR�H[SODLQ� WKH�YDULDQFH� LQ� UHVSRQVH� WLPHV� EXW� WR
GHWHUPLQH�LI �DQ\�RI �WKH�LQGHSHQGHQW�YDULDEOHV�KDG�DQ�HIIHFW� DQG�LQ�WKDW�FDVH�KRZ�ODUJH�

����� 5HVXOWV

'DWD�ZHUH� ILUVW� DQDO\VHG� IRU� DOO� FXW�LQ� HYHQWV� LGHQWLILHG� �Q� ������ UHJDUGOHVV�RI �ZKHWKHU�WKH
LQGLFDWRUV�ZHUH�XVHG�RU�QRW�EHIRUH�FXWWLQJ� LQ� +HUH� WKHUH�ZDV�D�WHQGHQF\��S� LQ���������WKDW
GULYHUV�XVLQJ�$&& ZHUH�PDUJLQDOO\�������VHFRQGV��IDVWHU�WR�UHVSRQG�FRPSDUHG�WR�GULYLQJ�ZLWKRXW
DQ\�V\VWHP�DFWLYH�

(YHQWV�ZKHUH�WKH�YHKLFOH�FXWWLQJ�LQ�GLG�QRW�XVH�LWV�LQGLFDWRU�SULRU�WR�FXWWLQJ�LQ�ZHUH�WKHQ
H[FOXGHG�IURP�WKH�DQDO\VLV� LQ�RUGHU�WR�FRPSDUH�ZLWK�WKH�VLPXODWRU�VWXG\� ,Q�WKH�VLPXODWRU�VWXG\�
WKH�YHKLFOH�FXWWLQJ�LQ�XVHG�LWV�LQGLFDWRU� WKXV�SURYLGLQJ�DQ�H[WUD�FXH�IRU�WKH�$&& GULYHU� ,Q�WKH
FXUUHQW�)27 VWXG\� WKH�XVH�RI �$&& LQ�HYHQWV�ZKHUH�WKH�YHKLFOH�FXWWLQJ�LQ�XVHG�LWV�LQGLFDWRUV
�Q �����UHVXOWHG�LQ�GULYHUV�EHLQJ������VHFRQGV�IDVWHU�WR�UHVSRQG� W����� ������ S������

%ULHI �GLVFXVVLRQ 7KH�UHVXOWV�IURP�WKH�)27 GDWD�LQGLFDWH�WKDW�GULYHUV�FDQ�EH�IDVWHU�WR�UH�
VSRQG�WR�FRPSDUDEOH�FXW�LQ�VLWXDWLRQV�ZLWK�$&& DFWLYH�WKDQ�GULYLQJ�LQ�WKH�VDPH�YHKLFOH�ZLWK�&&&
LQDFWLYH�DQG�$&& XQDYDLODEOH� 7KHVH�UHVXOWV�ZDUUDQW�IXUWKHU�LQYHVWLJDWLRQ�RI �WKH�FRQGLWLRQV�LQ
ZKLFK�$&& LV�DFWLYDWHG� )XUWKHU�LQYHVWLJDWLRQV�DUH�DOVR�QHHGHG�WR�GHWHUPLQH�DQ\�GLIIHUHQFHV�LQ
GULYHU�UHVSRQVHV� VXFK�DV�EUDNLQJ�RU�UHOHDVLQJ�WKH�DFFHOHUDWRU�LQ�PDQXDO�PRGH� DQG�EUDNLQJ�RU
GHFUHDVLQJ�VSHHG�E\�XVLQJ�WKH�VSHHG�EXWWRQV�IRU�WKH�$&& V\VWHP�LQ�$&& PRGH� 3HUKDSV� EUDN�
LQJ�LQ�PDQXDO�PRGH�GRHV�QRW�IXOO\�FRUUHVSRQG�WR�EUDNLQJ�ZKHQ�XVLQJ�$&&��EXW�WKLV�QHHGV�WR�EH
VWXGLHG�IXUWKHU�

��� 6XPPDU\�RI �UHVXOWV

$ ILUVW�EDVLV�RI �GULYHU�XQGHUVWDQGLQJ�RI �$&& OLPLWDWLRQV�ZDV�SURYLGHG�E\�WKH�TXHVWLRQQDLUH�UHVXOWV
IURP�6WXG\�, �3DSHU�,���7KH�TXHVWLRQQDLUH�UHYHDOHG�WKDW�GULYHUV�DUH�PRVWO\�DZDUH�RI �OLPLWDWLRQV�WR
IROORZLQJ�LQ�FXUYHV� EXW�DOVR�FXW�LQ�VLWXDWLRQV�DQG�RYHUWDNLQJ� 'ULYHUV�FDQ�DOVR�EH�XQDZDUH�RI �WKH
V\VWHP�PRGH� DQG�DUH�FXHG�WR�LWV�VWDWH�SULPDULO\�E\�DFFHOHUDWLRQ�DQG�GHFHOHUDWLRQ� 7KH�VFHQDULRV
LQ�6WXG\�,, ZHUH�SDUWO\�EDVHG�RQ�WKH�OLPLWDWLRQV�UHSRUWHG�LQ�6WXG\�,��EXW�RWKHU�IDLUO\�IUHTXHQWO\
RFFXUULQJ�HYHQWV�ZKHUH�V\VWHP�OLPLWDWLRQV�FRXOG�EHFRPH�DSSDUHQW�ZHUH�DOVR�LQFOXGHG� 7KH�XVH

��



/DUVVRQ���$XWRPDWLRQ�DQG�WKH�QDWXUH�RI �GULYLQJ

RI �D�VLPXODWRU�SURYLGHG�WKH�PHDQV�WR�VWXG\�QRW�RQO\�DQ�$&& V\VWHP� EXW�DOVR�WKH�DGGLWLRQ�RI
DFWLYH�VWHHULQJ� 7KH�GHFLVLRQ�ZDV�DOVR�PDGH�WR�LQFOXGH�LQWHQWLRQDO�FDU�IROORZLQJ��,&)� WR�VHH
LI �VXFK�PRUH�DEVWUDFW�GHOHJDWLRQ�RI �FRQWURO�PD\�KDYH�DQ�HIIHFW�RQ�GULYHU�DWWHQWLRQ�VLPLODU�WR
DXWRPDWLRQ� $WWHQWLRQ�ZDV�RSHUDWLRQDOL]HG�DV�JD]H�SDWWHUQV�DQG�UHVSRQVH�WLPHV�WR�WKH�HYHQWV�

,Q�WKH�VFHQDULRV�IRU�3DSHU�,, �6WXG\�,,���VWUDWHJLHV�RI �ZKHQ�WR�GHDFWLYDWH�WKH�V\VWHP�YDULHG
DFFRUGLQJ�WR�H[SHULHQFH� DV�GLG�WUXVW�LQ�$&&��7KRVH�SUHYLRXVO\�DFTXDLQWHG�ZLWK�$&& H[KLELWHG
KLJKHU�WUXVW�LQ�WKDW�V\VWHP� EXW�WKHUH�ZDV�QR�WUDQVIHU�HIIHFW�WR�WKHLU�WUXVW�LQ�$&&�$6��,W�ZDV
HYLGHQW�WKDW�GULYHUV�DSSHDUHG�WR�KDYH�VWUDWHJLHV�RI �ZKHQ�WR�DOORZ�WKH�$&& DQG�$&&�$6 V\VWHPV
WR�GHDO�ZLWK�DQ�HYHQW� 7KHVH�VWUDWHJLHV�DSSHDUHG�WR�EH�FRQQHFWHG�WR�WKH�OLPLWDWLRQV�RI �WKH�V\VWHP�
LI �WKH�V\VWHP�FRXOG�EH�FRQFHLYHG�WR�EH�DEOH�WR�KDQGOH�D�VLWXDWLRQ�LV�ZDV�JHQHUDOO\�DOORZHG�WR�GR
VR�,Q�WKH�FXUYH�VFHQDULR� IHZ�GULYHUV�GLVFRQQHFWHG�WKH�V\VWHPV� GHVSLWH�KDYLQJ�GHFUHDVLQJ�WKHLU
VSHHG�ZKHQ�GULYLQJ�ZLWKRXW�WKH�V\VWHPV� ,I� RQ�WKH�RWKHU�KDQG� WKH�VLWXDWLRQ�ZDV�RXW�RI �WKH
V\VWHP·V�FDSDELOLWLHV� GULYHUV�GHDFWLYDWHG�WKH�V\VWHP�EHIRUH�HQWHULQJ�LQWR�WKH�VLWXDWLRQ� ,Q�WKH�H[LW
VFHQDULR� ZKHUH�WKH�FXUUHQW�OHDG�FDU�OHDYHV�WKH�ODQH� GULYHUV�JHQHUDOO\�GHDFWLYDWHG�WKH�$&&�$6
V\VWHP� $Q�HIIHFW�RI �H[SHULHQFH�FRXOG�DOVR�EH� IRXQG� 'ULYHUV�ZLWK�SUHYLRXV� H[SHULHQFH�RI
$&& GLG�QRW�IHHO�D�QHHG�WR�GHDFWLYDWH�$&&��EXW�DOORZHG�D�WUDQVIHU�RI �OHDG�FDU�WR�WKH�QH[W�LQ
IURQW� 7KRVH�LQH[SHULHQFHG�ZLWK�$&& LQVWHDG�GHDFWLYDWHG�WKH�V\VWHP�E\�SUHVVLQJ�WKH�EXWWRQ�
UHDFWLYDWLQJ�LW�RQO\�DIWHU�WKH�OHDG�FDU�KDG�OHIW�WKH�ODQH� WKH�VDPH�VWUDWHJ\�DV�ZLWK�$&&�$6�

7KH� UHVXOWV� UHSRUWHG� LQ�3DSHU� ,,, �6WXG\� ,,� LQGLFDWHG� WKDW� GLIIHUHQFHV� LQ� UHVSRQVH� WLPHV
ZHUH�QRW�VLJQLILFDQW�ZKHQ�FRPSDULQJ�WKH�GLIIHUHQW�W\SHV�RI �DXWRPDWLRQ�IRU�ERWK�H[SHULHQFHG
DQG�LQH[SHULHQFHG�XVHUV� EXW�GLVWLQFW�EHWZHHQ�WKH�PDQXDO�DQG�DXWRPDWLRQ�DVVLVWHG�FRQGLWLRQV�
'ULYHUV�ZHUH�DERXW���VHFRQGV�VORZHU�WR�UHVSRQG�ZLWK�DXWRPDWLRQ�WKDQ�ZLWKRXW� 7KHUH�ZHUH
DOVR�GLIIHUHQFHV�EHWZHHQ�WKH�UHVSRQVH�WLPHV�RI �H[SHULHQFHG�DQG�LQH[SHULHQFHG�XVHUV�RI �$&&��DV
H[SHULHQFHG�XVHUV�ZHUH�IDVWHU�WR�UHVSRQG�ZLWK�DXWRPDWLRQ�DFWLYH�E\�DERXW�����VHFRQGV� 8 ����
S������ ,Q�WKH�)27 GDWD�IRU�6WXG\�,,, �3DSHU�,9���RSSRVLQJ�UHVXOWV�WR�WKH�VLPXODWRU�VWXG\�ZHUH
IRXQG� 7KH�)27 GDWD�LQGLFDWHG�WKDW�DQ�DFWLYDWHG�$&& ZDV�FRQQHFWHG�WR�D�IDVWHU�UHVSRQVH�WLPH
�XS�WR������VHFRQGV��WR�D�FXW�LQ�VLWXDWLRQ� W����� ������ S������

:KHQ�WDONLQJ�WR�DQG�LQWHUYLHZLQJ�WKH�SDUWLFLSDQWV�IRU�WKH�VWXGLHV� LW�EHFDPH�DSSDUHQW�WKDW
WKH\�GLG�QRW�YLHZ�ZRUNLQJ�ZLWK�$&& DV�KDQGLQJ�RYHU�FRQWURO� ,QVWHDG� GULYHUV�EHOLHYH�WKHPVHOYHV
WR�EH�LQ�FRQWURO�DW�DOO�WLPHV� DQG�DV�VXFK�WKH\�DUH�FRUUHFW� WKH�GULYHU�FDQ�DOZD\V�UHVXPH�KDQGV�RQ
SK\VLFDO�FRQWURO�RI �WKH�YHKLFOH�IURP�WKH�$&&��'ULYHUV�DOVR�GLYXOJHG�WKDW�WKH\�XVH�WKH�VHW�VSHHG
WR�PDQLSXODWH�WKH�DFFHOHUDWLRQ�DQG�GHFHOHUDWLRQ�EHKDYLRXU�RI �WKH�FDU�

��� $QVZHULQJ�WKH�UHVHDUFK�TXHVWLRQV

7KH�UHVXOWV�IURP�WKH�HPSLULFDO�VWXGLHV�DUH�KHUH�SXW�LQWR�WKH�FRQWH[W�RI �WKH�UHVHDUFK�TXHVWLRQV�
7KH�QH[W�FKDSWHU�SXWV�WKH�UHVXOWV�LQWR�D�ZLGHU�VHWWLQJ�IRU�D�JHQHUDO�GLVFXVVLRQ�

����� 5HVHDUFK�TXHVWLRQ�����H[SHULHQFH

◦ +RZ�GR�H[SHULHQFHG�$&& XVHUV�XQGHUVWDQG�DQG�UHVSRQG�WR�WKH�$&& V\VWHP�LQ�FRPPRQ
WUDIILF�FRQIOLFW�VLWXDWLRQV� FRPSDUHG�WR�QRYLFH�XVHUV" �3DSHU�,��,,, DQG�,,�

,Q�OLQH�ZLWK�RWKHU�UHVHDUFK��'LFNLH�DQG�%R\OH�������� 3DSHU�, LQGLFDWHG�WKDW�GULYHUV�OHDUQ�$&&
OLPLWDWLRQV�ZKLOH�GULYLQJ� 'ULYHUV�XQGHUVWDQG�PRUH�RYHU�WLPH�DERXW�WKH�V\VWHP·V�OLPLWDWLRQV�ZLWK
UHJDUG�WR�KDQGOLQJ�WUDIILF�FRQIOLFWV�DQG�HQYLURQPHQWDO�FRQVWUDLQWV� DQG�DUH�OHVV�LQFOLQHG�WR�VWDWH
WKDW�$&& LV�ZLWKRXW�OLPLWDWLRQV� 'ULYHUV�DOVR�PHQWLRQHG�WKDW�WKH\�XVHG�WKH�V\VWHP·V�DFFHOHUDWLRQ

��
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DV�DQ�LQGLFDWRU� WR�ZKHWKHU�WKH�V\VWHP�ZDV�DFWLYH�RU�QRW� LQ�FDVHV�ZKHUH�WKH\�GLG�QRW�UHPHPEHU
ZKDW�VWDWH�WKH�V\VWHP�ZDV�LQ�

,Q�3DSHU�,,,��XQH[SHFWHG�$&& DFFHOHUDWLRQ�DOVR�SURYHG�WR�EH�D�FXH�DIIHFWHG�E\�H[SHULHQFH�
'ULYHUV�ZLWK�SUHYLRXV�H[SHULHQFH�RI �$&& UHVSRQGHG�TXLFNHU�WR�WKH�XQH[SHFWHG�$&& DFFHOHUD�
WLRQ� DV�GHPRQVWUDWHG�E\�WKHLU�IDVWHU�UHVSRQVH�LQ�D�FXW�LQ�VLWXDWLRQ�ZKHUH�WKH�V\VWHP�DFFHOHUDWHG
ZKHQ�LW�µVKRXOGµ�KDYH�EHHQ�GHFHOHUDWLQJ� .QRZOHGJH�RI �V\VWHP�OLPLWDWLRQV�KDV�DOVR�EHHQ�VXJ�
JHVWHG�WR�PDNH�GULYHUV�UHVSRQG�IDVWHU�LQ�ULVN\�VLWXDWLRQV��GH :DDUG�HW DO���������3DSHU�,, DOVR
UHYHDOHG�VRPH�GLIIHUHQFHV�EHWZHHQ�H[SHULHQFHG�DQG� LQH[SHULHQFHG�XVHUV�ZLWK� UHJDUG� WR� WKHLU
JD]H�SDWWHUQV�ZLWK�$&&��7KRVH�ZLWK�SUHYLRXV�H[SHULHQFH�RI �$&& WHQGHG�WR�ORRN�OHVV�DW�WKH�URDG
FHQWUH�GXULQJ�WKH�EURNHQ�FDU�VFHQDULR�WKDQ�WKH�QRYLFH�XVHUV�GLG� DQG�LQ�WKH�FXUYH�VFHQDULR�WKRVH
ZLWK�H[SHULHQFH�ORRNHG�OHVV�LQWR�WKH�PLUURUV� 7KXV� GULYHU�H[SHULHQFH�ZLWK�$&& DIIHFWV�DWWHQ�
WLRQDO�VWUDWHJLHV� DV�GHPRQVWUDWHG�ERWK�E\�WKH�GLIIHUHQFH�LQ�UHVSRQVH�WLPH�LQ�WKH�FXW�LQ�VFHQDULR
LQ�3DSHU�,,, DQG�WKH�JD]H�SDWWHUQV�LQ�WKH�FXUYH�DQG�EURNHQ�FDU�VFHQDULRV�LQ�3DSHU�,,��,Q�RUGHU�WR
NQRZ�PRUH�DERXW�WKHVH�FKDQJHV� LQWHUYLHZV�DQG�IXUWKHU�VWXGLHV�DUH�QHHGHG�WR�XQGHUVWDQG�ZK\
GULYHUV�ORRN�OHVV�WR�WKH�URDG�FHQWUH�RU�PLUURUV�

7KH�UHVXOWV�RI �WKH�HPSLULFDO�VWXGLHV�LQGLFDWH�WKDW�QRW�RQO\�GR�GULYHUV�OHDUQ�PRUH�DERXW�WKH
V\VWHP·V�IXQFWLRQDOLW\�RYHU�WLPH� WKH\�DOVR�DGMXVW�WKHLU�EHKDYLRXU�WR�WKH�V\VWHP·V�DFWLRQV�ERWK�E\
DFWLRQV�UHODWLQJ�WR�KDQGOLQJ�WKH�YHKLFOH�DQG�DWWHQWLRQDO�VWUDWHJLHV� 'HFLGLQJ�KRZ�DQG�ZKHQ�WR�XVH
WKH�V\VWHP�VHHPV� DW�OHDVW�LQ�WKH�VFHQDULRV�VWXGLHG� WR�EH�DIIHFWHG�E\�WKH�NQRZQ�OLPLWDWLRQV�RI �WKH
V\VWHP� ,I �WKH�V\VWHP�LV�DEOH�WR�KDQGOH�DQ�HYHQW�ZHOO�HQRXJK� LW�LV�PRVWO\�DOORZHG�WR�GR�VR�XQWLO
WKH�GULYHU�GHHPV�LW�QHFHVVDU\�WR�UHFODLP�FRQWURO� ,I �DQ�HYHQW�LQVWHDG�LV�LPPHGLDWHO\�GHHPHG�WR�EH
RXWVLGH�V\VWHP�FDSDELOLWLHV� WKH�V\VWHP�LV�RIWHQ�GHDFWLYDWHG��3DSHU�,,���'LIIHUHQFHV�LQ�VWUDWHJLHV
FDQ�EH�IRXQG�EHWZHHQ�QRYLFH�DQG�H[SHULHQFHG�XVHUV�DV�WKH\�KDYH�GLIIHUHQW�OHYHOV�RI �NQRZOHGJH
RI �V\VWHP�EHKDYLRXU� 1RYLFH�XVHUV�DSSHDUHG�WR�EH�PRUH�FRQVHUYDWLYH� DV�VHYHUDO�GHDFWLYDWHG�WKH
$&& V\VWHP�LQ�WKH�H[LW�VFHQDULR�RI �3DSHU�,, ZKHUHDV�QR�H[SHULHQFHG�XVHUV�GLG�VR� ,W�UHPDLQV�WR
EH�VHHQ�KRZ�ORQJ�LW�WDNHV�IRU�D�QRYLFH�XVHU�WR�EH�FODVVLILHG�DV�DQ�H[SHULHQFHG�XVHU� DQG�LI �WKDW
PHDVXUH�LV�WLPH�RU�GLVWDQFH�GULYHQ�

����� 5HVHDUFK�TXHVWLRQ�����WDFWLFDO�FRQVLGHUDWLRQV

◦ :KLFK�WDFWLFDO�GULYLQJ�FRQVLGHUDWLRQ�FDQ�EH�IRXQG�LQ�FRPPRQ�WUDIILF�FRQIOLFW�VLWXDWLRQV
ZKHQ�GHOHJDWLQJ�FRQWURO�WR�$&&"��3DSHU�,,��,9 DQG�,,,�

'ULYHUV�DSSHDU�WR�XVH�WKH�V\VWHP�GLIIHUHQWO\�LQ�GLIIHUHQW�FLUFXPVWDQFHV�DFFRUGLQJ�WR�WKH�UHVXOWV
IURP�3DSHU�,,��DQG�VHHP�DGHSW�DW�GHFLGLQJ�ZKHQ�WR�DOORZ�WKH�V\VWHP�WR�KDQGOH�WUDIILF�FRQIOLFWV�
'ULYHUV�DUH�DOVR�VHHPLQJO\�DEOH�WR�LQFRUSRUDWH�V\VWHP�IXQFWLRQDOLW\�LQWR�WKHLU�GHFLVLRQV� VRPH�
WLPHV�UHFODLPLQJ�FRQWURO�EHIRUH�WKH�V\VWHP�KDV�UHVSRQGHG� DW�RWKHU�WLPHV�ZDLWLQJ�IRU�D�V\VWHP
UHVSRQVH�EHIRUH�GHFLGLQJ�WR�UHFODLP�FRQWURO� ,W�DOVR�DSSHDUV�WKDW�GULYHUV�DOORZ�WKH�V\VWHP�WR�NHHS
FRQWUROOLQJ�WKH�YHKLFOH�HYHQ�LQ�VLWXDWLRQV�ZKHUH�WKH�V\VWHP·V�EHKDYLRXU�PLJKW�EH�OHVV�FRPIRUWDEOH
WKDQ�WKHLU�RZQ�PDQXDO�EHKDYLRXU�ZRXOG�EH� 6R� WKHVH�VLWXDWLRQV�DSSHDU�WR�PDNH�GULYHUV�UHOXFWDQW
WR�UHVXPH�FRQWURO� DV�LQGLFDWHG�E\�SUHYLRXV�UHVHDUFK��3DSHU�,,��6DDG�DQG�9LOODPH��������)DQFKHU
HW DO���������-DPVRQ�HW DO��������� ,Q�WKH�FXUYH�VFHQDULR� WKH�V\VWHP�NHHSV�D�KLJKHU�VSHHG�WKDQ
GULYHUV�GLG�LQ�PDQXDO�PRGH��VHH�3DSHU�,,���+HUH� GULYHUV�DSSHDU�WR�UHVROYH�WKDW�UHFODLPLQJ�FRQWURO
LV�PRUH�RQHURXV�WKDQ�GULYLQJ�DW�D�KLJKHU�VSHHG�ZLWK�WKH�V\VWHP�DFWLYH�

(YHQ�WKRXJK�GULYHUV�ZHUH�VORZHU�WR�UHVSRQG�WR�WUDIILF�FRQIOLFWV�LQ�WKH�VLPXODWRU�ZLWK�$&&
DFWLYH��3DSHU�,,,���VXFK�EHKDYLRXU�ZDV�QRW�PLUURUHG�LQ�WKH�VWXG\�RI �)27 GDWD��3DSHU�,9���7KH
UHVXOWV� IURP�3DSHU� ,9 IXUWKHU� VXJJHVW� WKDW�GULYHUV�PD\� GHSHQGLQJ�RQ� WKH� VLWXDWLRQ� HYHQ�EH
IDVWHU�WR�UHVSRQG�WR�FXW�LQ�VLWXDWLRQV�ZLWK�$&& WKDQ�ZLWKRXW� 7KHVH�UHVXOWV�FRQWUDGLFW�SUHYLRXV

��
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UHVHDUFK�LQ�VLPXODWRUV��9ROOUDWK�HW DO���������0HUDW�DQG�-DPVRQ�������� ZKHUH�GULYHUV�H[KLELW�D
VORZHU�UHVSRQVH�ZLWK�DFWLYH�V\VWHPV� 7KH�UHVXOWV�IURP�3DSHU�,9 LQGLFDWH�D�GLIIHUHQFH�EHWZHHQ
UHVSRQGLQJ�ZKHQ�EHLQJ�DVNHG�WR�XVH�$&& LQ�D�VLPXODWRU�VWXG\�DQG�UHVSRQGLQJ�ZKHQ�GULYHUV
WKHPVHOYHV�KDG�GHFLGHG�WR�DFWLYDWH�$&&��,W�LV�OLNHO\�WKDW�LQ�UHDO�ZRUOG�XVH� GULYHUV·�DWWHQWLRQ�RU
FKRLFHV�RI �ZKHQ�WR�DFWLYDWH�$&& LV�GLIIHUHQW�IURP�KRZ�WKH\�DUH�WROG�WR�XVH�WKH�V\VWHP�LQ�WKH
VLPXODWRU� DQG�WKHLU�EUDNLQJ�EHKDYLRXU�WKXV�DIIHFWHG� 2QH�SRVVLEOH�UHDVRQ�IRU�WKH�GLIIHUHQFH�LQ
UHVSRQVH�WLPHV�LV�DOVR�WKDW�GULYHUV�SUHVV�WKH�EUDNH�WR�GHDFWLYDWH�WKH�V\VWHP�UDWKHU�WKDQ�WR�UHGXFH
WKHLU�VSHHG� WKXV�UHVSRQGLQJ�PRUH�LQ�RUGHU�WR�UHFODLP�FRQWURO�WKDQ�DQ\WKLQJ�HOVH� 7KH�DFWLRQV�LQ
WKH�)27 GDWD�DUH�WKXV�SURDFWLYH�LQ�D�GLIIHUHQW�ZD\�WKDQ�LQ�WKH�VLPXODWRU�GDWD� 6XFK�D�UHVSRQVH
LV�OLNHO\�LI �WKH�GULYHUV�UHFRJQLVH�WKDW�WKH�$&& PLJKW�QRW�EH�DEOH�WR�KDQGOH�WKH�VLWXDWLRQ�WKH�ZD\
WKH\�ZRXOG�SUHIHU� VLPLODU�WR�WKH�EHKDYLRXUV�LGHQWLILHG�LQ�3DSHU�,,�

����� 5HVHDUFK�TXHVWLRQ�����HIIHFWV�RQ�IXWXUH�DXWRPDWLRQ

◦ 'R�GULYHUV�EHKDYH�DQG�UHVSRQG�WKH�VDPH�ZD\�ZLWK�$&& WKDW�DOVR�LQFOXGHV�D�ODWHUDO�FRP�
SRQHQW�DV�WKH\�GR�ZLWK�RUGLQDU\�$&& LQ�FRPPRQ�WUDIILF�FRQIOLFW�VLWXDWLRQV" �3DSHU�,,,
DQG�,,�

7KH�UHVXOWV�IURP�3DSHU�,, LQGLFDWH�WKDW�GULYHUV·�VWUDWHJLHV�RI �FKRRVLQJ�WR�GHDFWLYDWH�$&&�$6 LV
QRW�DIIHFWHG�E\�WKHLU�H[SHULHQFH�RU�ODFN�WKHUHRI �ZLWK�$&&��,QVWHDG� $&&�$6 DSSHDUV�WR�EH�VHHQ
DV�D�FRPSOHWHO\�GLIIHUHQW�V\VWHP� ,Q�WKH�WUXVW�PHDVXUHV� H[SHULHQFH�ZLWK�DQG�WUXVW�LQ�$&& GLG
QRW�OHDG�WR�WUXVW�LQ�$&&�$6��,Q�WKH�VFHQDULRV�XVHG� WKH�DGGLWLRQ�RI �DFWLYH�VWHHULQJ�PDLQO\�FDXVHG
YHKLFOH�EHKDYLRXU�WR�EH�DIIHFWHG�ZKHQ�WKH�OHDG�FDU�FKDQJHV�ODQHV�RU�H[LWV� FDXVLQJ�D�GLIIHUHQW
YHKLFOH�EHKDYLRXU�WKDQ�ZLWK�PHUH�$&&��'ULYHUV�GR�QHHG�WR�OHDUQ�WKHVH�DGGLWLRQDO�HYHQWV�DV�ZHOO�
ZKLFK�SHUKDSV�UHIOHFWV�WKHLU�ORZHU�WUXVW�LQ�$&&�$6��,W�LV�WKHUHIRUH�VWLOO�XQFOHDU�WR�ZKDW�H[WHQW
EHKDYLRXU�ZLWK�IXWXUH�DXWRPDWLRQ�FDQ�EH�SUHGLFWHG�IURP�EHKDYLRXU�ZLWK�FXUUHQW�DXWRPDWLRQ�
:LWK�H[SHULHQFH�RI �$&&��GULYHU�WUXVW�LQ�$&& ZDV�DIIHFWHG�SRVLWLYHO\�EXW�QR�VXFK�HIIHFW�ZDV
IRXQG�IRU�$&&�$6��6R� LW�VHHPV�WKDW�H[SHULHQFH�ZLWK�D�V\VWHP�FDXVHV�WUXVW�LQ�WKDW�VSHFLILF�WR
LQFUHDVH� 3HUKDSV� WKH�WUXVW�PHDVXUHG�PD\�WKHUHIRUH�EH�PRUH�DNLQ�WR�WUXVW�LQ�FRRSHUDWLRQ�ZLWK
WKH�V\VWHP��5DMDRQDK�HW DO���������

7KH�DGGLWLRQ�RI �DVVLVWHG�VWHHULQJ�WR�$&& GLG�QRW�FDXVH�DQ\�IXUWKHU�FKDQJHV� LQ�GULYHU�UH�
VSRQVH�WLPHV�LQ�WKH�ORQJLWXGLQDO�VFHQDULRV�VWXGLHG� FRPSDUHG�WR�GULYLQJ�ZLWK�$&& DORQH� 7KHVH
UHVXOWV�DUH�LQ�OLQH�ZLWK�SUHYLRXV�UHVHDUFK��6WDQWRQ�HW DO���������<RXQJ�DQG�6WDQWRQ�������� 7KXV�
$&& VSHFLILF�EHKDYLRXU� LQ�D� ORQJLWXGLQDO� VFHQDULR�ZLWK� ODWHUDO� DVVLVWDQFH�DGGHG�GRHV� WUDQVIHU
IRU�H[SHULHQFHG�GULYHUV� ZKR�ZHUH�IDVWHU�ERWK�ZLWK�$&& DQG�$&&�$6 �3DSHU�,,,���+RZHYHU�
IRU�WKH�VFHQDULRV�VWXGLHG� WKH�XVH�RI �$&&�$6 GLG�QRW�DSSHDU�WR�FDXVH�DQ\�FKDQJHV� LQ�HLWKHU
GULYHU�DWWHQWLRQ�RU�GULYHU�VWUDWHJLHV�FRPSDUHG�WR�$&& H[FHSW�ZKHQ�WKH�HYHQW�WDUJHWHG�$&&�$6
IXQFWLRQDOLW\�RQO\�

7KH�LPSDFW�RI �ODWHUDO�DXWRPDWLRQ�PD\�EH�LQGHSHQGHQW�RI �SUHYLRXV�H[SHULHQFH�ZLWK�ORQJLWX�
GLQDO�DXWRPDWLRQ� SRVVLEO\�EHFDXVH�WKH�OLPLWDWLRQV�DQG�RSSRUWXQLWLHV�ZKLOH�XVLQJ�WKH�V\VWHPV�DUH
GLIIHUHQW� ,Q�PHUH�UHVSRQVH�WLPH�VLWXDWLRQ�ZLWK�D�ORQJLWXGLQDO�FRPSRQHQW�RQ�WKH�RWKHU�KDQG�
H[SHULHQFH�ZLWK�$&& OHDGV�GULYHUV�WR�UHFRJQLVH�WKH�EHKDYLRXU�RI �WKH�V\VWHP�WKXV�PDNLQJ�WKHP
TXLFNHU�WR�UHVSRQG�

��



,I �\RX�WU\�DQG�WDNH�D�FDW�DSDUW�WR�VHH�KRZ�LW�ZRUNV� WKH�ILUVW
WKLQJ�\RX�KDYH�RQ�\RXU�KDQGV�LV�D�QRQ�ZRUNLQJ�FDW�

��'RXJODV�$GDPV��7KH�6DOPRQ�RI �'RXEW� +LWFKKLNLQJ�WKH
*DOD[\�2QH�/DVW�7LPH�

� *HQHUDO�GLVFXVVLRQ

)LUVW� WKH�PHWKRGV�FKRVHQ�DUH�GHVFULEHG�DQG�GLVFXVVHG�ZLWK�UHJDUG�WR�KRZ�WKH\�FRQWULEXWH
WR�WKH�UHVXOWV�RI �WKH�WKHVLV� 7KHQ� WKH�UHVXOWV�DUH�GLVFXVVHG�XVLQJ�WKH�WKHRULHV�RXWOLQHG�DW�WKH
EHJLQQLQJ�RI �WKH�WKHVLV� 7KHUHDIWHU� WKH�UHVHDUFK�TXHVWLRQV�DUH�DQVZHUHG� DQG�VXJJHVWLRQV�IRU
IXUWKHU�UHVHDUFK�DUH�PDGH�

$ VXJJHVWLRQ�IRU�D�VWUXFWXUH�WR�GHVFULEH�KRZ�GULYHUV�ZRUN�ZLWK�DXWRPDWLRQ�LQ�WUDIILF�FRQIOLFW
VLWXDWLRQV�DV�ZHOO�DV�WKH�FRQFOXVLRQV�DUH�UHSRUWHG�LQ�WKH�QH[W�DQG�ILQDO�FKDSWHU�

��� 0HWKRGRORJLFDO�FRQVLGHUDWLRQV

7KH�PHWKRGV�FKRVHQ�ZHUH�SLFNHG�GXH�WR�WKHLU�DELOLW\�WR�FRPSOHPHQW�HDFK�RWKHU�LQ�WKH�HQGHDYRXU
RI �VWXG\LQJ�GULYHU�UHVSRQVHV�ZLWK�ORQJLWXGLQDO�DXWRPDWLRQ�LQ�FRPPRQ�FRQIOLFW�VLWXDWLRQV� ,Q
RUGHU�WR�UHDFK�DV�PDQ\�SDUWLFLSDQWV�DV�SRVVLEOH�DW�WKH�EHJLQQLQJ�RI �WKH�SURMHFW� DV�ZHOO�DV�FROOHFW
PRUH� LQIRUPDWLRQ�RQ� WKH�XVH�RI �$&&��D�TXDOLWDWLYH�TXHVWLRQQDLUH�ZDV�XVHG� 8VLQJ� VRPH�RI
WKH�LQIRUPDWLRQ�IURP�WKH�TXHVWLRQQDLUH�GDWD� WKH�VLPXODWRU�DQG�)27 VWXGLHV�ZHUH�GHVLJQHG�WR
REVHUYH�DQG�PHDVXUH�WKH�XVH�RI �$&&��7KH�VLPXODWRU�VWXG\�ZDV�HPSOR\HG�IRU�WKH�FRQWURO�SURYLGHG
RYHU�WKH�VLWXDWLRQV�GULYHUV�HQG�XS�LQ� DQG�IRU�UHSHDWDELOLW\� 7KH�)27 VWXG\� WR�GHWHUPLQH�GULYHU
EHKDYLRXU�LQ�WKH�UHDO�ZRUOG�GDWD�WR�FRPSOHPHQW�WKH�VLPXODWRU�UHVXOWV�

7KH�PHWKRGRORJ\�GLVFXVVLRQ�LV�GLYLGHG�LQWR�WKUHH�SDUWV� RQH�IRU�HDFK�VWXG\�

����� 6WXG\�, ��TXHVWLRQQDLUH

$V�GULYHU�DVVLVWDQFH�V\VWHPV�DUH�QRW�UHJLVWHUHG�LQ�DQ\�ZD\� UHVHDUFKHUV�DUH�UHOLDQW�RQ�WKH�JRRGZLOO
RI �FDU�PDQXIDFWXUHUV�WR�JHW�LQ�WRXFK�ZLWK�XVHUV�LI �QR�ODUJH�VFDOH�QHZVSDSHU�FDPSDLJQV�DUH�XVHG�
$ TXHVWLRQQDLUH�VWXG\�WKXV�SURYLGHV�FRQWDFW�ZLWK�GULYHUV�WKDW�RWKHUZLVH�KDG�EHHQ�GLIILFXOW�WR
UHDFK� DV�6ZHGHQ�LV�D�ODUJH�FRXQWU\�ZLWK�D�VPDOO�SRSXODWLRQ� 4XHVWLRQQDLUHV�DUH�JHQHUDOO\�XVHG
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WR�SURYLGH�D�TXDQWLWDWLYH�PHDVXUH�RI �WKH�SUHYDOHQFH�RI �EHKDYLRXUV�RU�RSLQLRQV� $V�WKH�VWXG\�ZDV
FRQGXFWHG�DW�WKH�EHJLQQLQJ�RI �WKH�SURMHFW� TXDOLWDWLYH�EDFNJURXQG�NQRZOHGJH�KDG�QRW�\HW�EHHQ
FROOHFWHG�WR�DQ\�ODUJH�H[WHQW� )UHH�IRUP�TXHVWLRQV�ZHUH�WKHUHIRUH�XVHG�WR�JDWKHU�QHZ�GHWDLOV�DERXW
GULYHU�XQGHUVWDQGLQJ�RI �$&& OLPLWDWLRQV� 7KXV� WUHQGV�FRXOG�EH�LGHQWLILHG�DV�ZHOO�DV�DSSUDLVHG
GXH�WR�WKH�QXPEHU�RI �UHVSRQGHQWV� $ VWUXFWXUHG�OLVW�RI �SUHYLRXVO\�NQRZQ�$&& OLPLWDWLRQV�ZDV
FRQVLGHUHG� EXW�VXFK�D�OLVW�PD\�KDYH�JXLGHG�SDUWLFLSDQWV�DZD\�IURP�RWKHU�OLPLWDWLRQV�WKH\�ZHUH
DZDUH�DERXW� DQG�WKXV�QRW�VHUYHG�DV�ZHOO�WR�JDWKHU�QHZ�NQRZOHGJH�

7KH�UHVXOWV�RI �WKH�TXHVWLRQQDLUH�ZHUH�LQ�OLQH�ZLWK�RWKHU�UHVHDUFK�XVLQJ�SKRQH�LQWHUYLHZV�RU
IRFXV�JURXSV�RI �SHRSOH�GULYLQJ�GLIIHUHQW�FDU�PRGHOV��6WUDQG�HW DO���������/ODQHUDV�������� GHVSLWH
WDUJHWLQJ�RQO\�;&���RZQHUV�LQ�6ZHGHQ� 7KXV� LW�ZDV�GHPRQVWUDWHG�WKDW�D�OLPLWHG�VDPSOH�LV�VWLOO
XVHIXO� 7KH�KLJK�UHVSRQVH�UDWH�RI �RYHU�����DOVR�LQGLFDWH�WKDW�D�VXEVWDQWLDO�QXPEHU�RI �RSLQLRQV
KDYH�EHHQ�JDWKHUHG� WKRXJK�VRPH�PHDVXUH�RI �ELDV�WRZDUG�WKRVH�ZLWK�VWURQJ�RSLQLRQV�RI �WKH
V\VWHP�LV�WR�EH�H[SHFWHG�

7KH�IUHH�IRUP�TXHVWLRQV�XVHG�SURYLGHG�NQRZOHGJH�RI �WKH�W\SHV�RI �VLWXDWLRQV�ZKHUH�KDQG�
RYHUV�EHWZHHQ�V\VWHP�FRQWURO�DQG�KXPDQ�FRQWURO�RFFXUUHG� DV�ZHOO�DV�ZKDW�NQRZOHGJH�GULYHUV
KDG�RI �WKHP� 0DLQO\� WKH�UHVXOWV�SRLQWHG�WR�LW�EHLQJ�IDLUO\�FRPPRQ�WR�UHFODLP�FRQWURO�IURP�$&&�
$V�D�TXHVWLRQQDLUH�VWXG\�FDQ�RQO\�FDSWXUH�ZKDW�UHVSRQGHQWV�DUH�DZDUH�RI �DQG�DEOH�WR�DUWLFXODWH�
VWXGLHV�RI �DFWXDO�GULYHU�EHKDYLRXU�ZHUH�XVHG�LQ�WKH�QH[W�VWHS�

����� 6WXG\�,, ��VLPXODWRU

6LPXODWRU�VWXGLHV�SURYLGH�WKH�FRQWURO�QHFHVVDU\�WR�GHVLJQ�WUDIILF�FRQIOLFWV�ZKHUH�GULYHUV�ZRXOG
IHHO�D�QHHG�WR�JHW�EDFN�LQWR�PDQXDO�FRQWURO� 7KH\�DOVR�SURYLGH�NQRZOHGJH�RI �WKH�SRVLWLRQ�DQG
EHKDYLRXU�RI �DOO�RWKHU�YHKLFOHV�LQ�WKH�VLPXODWHG�ZRUOG� DQG�WKH�RSSRUWXQLW\�WR�UHSHDW�VFHQDULRV�
7KHUHIRUH� ZKDW�LV�EHLQJ�VWXGLHG�LV�PRUH�GLVWLQFW� DQG�GULYHUV�FDQ�DOVR�EH�DVNHG�WR�XVH�WKH�V\VWHP
LQ�RUGHU�WR�HOLFLW�EHKDYLRXUV�ZLWK�$&& LQ�WKH�VSHFLILF�VFHQDULRV�FRQVWUXFWHG�

+RZHYHU� WKH�KLJK�OHYHO�RI �FRQWURO�FDQ�PDNH�LW�GLIILFXOW�WR�LQWURGXFH�WKH�FRPSOH[LW\�QHFHVVDU\
WR�PLPLF�UHDO�WUDIILF� ,Q�WKH�UHDO�ZRUOG� GULYHUV�ZLOO�KDYH�WKH�HQG�WDUJHW�WR�IRFXV�RQ�DV�ZHOO�DV
EH�LQ�FKDUJH�RI �PRQLWRULQJ�DQG�SK\VLFDO�FRQWURO�HYHQ�LI �WKLV�KDV�EHHQ�GHOHJDWHG�WR�DXWRPDWLRQ�
,Q�D�ODE�VHWWLQJ� WKH�LPSOLFLW�JRDO�WR�NHHS�PRQLWRULQJ�WKH�WUDIILF�VLWXDWLRQ�LV�SUREDEO\�ZHDNHU�DV
WKHUH�DUH�QR�UHDO�GDQJHUV�LI �GULYHUV�QHJOHFW�WR�GR�VR� 7KHUHIRUH� HIIHFWV�RQ�JD]H�GLVWULEXWLRQ�PD\
EH�GLIIHUHQW�LI �VLPLODU�VLWXDWLRQV�ZHUH�SRVVLEOH�WR�GHVLJQ�LQ�D�ILHOG�WHVW� 'XH�WR�WKH�VDIHW\�RI �WKH
SDUWLFLSDQWV� VDIHW\�FULWLFDO�VFHQDULRV�DUH�DOVR�OHVV�VXLWHG�IRU�UHDO�OLIH�VWXGLHV�

7KH�VLPXODWRU�VWXGLHV�IRFXVHG�RQ�H[SHULHQFH�ZLWK�$&& DV�D�IDFWRU�ZKHQ�UHVSRQGLQJ�WR�HYHQWV
ZKHQ�WKH�GULYHU�LV�UHTXLUHG�WR�JHW�EDFN�LQWR�PDQXDO�FRQWURO� 1R�VHFRQGDU\�WDVN�ZDV�XVHG� DV�WKH
IRFXV�OD\�PRUH�LQ�WKH�SURFHVV�RI �WKH�GULYHU�GHOHJDWLQJ�FRQWURO�DQG�KRZ�WKDW�ZDV�GRQH� 7KH�ODFN
RI �VHFRQGDU\�WDVNV�PD\�KDYH�FDXVHG�GULYHUV�WR�EH�PRUH�DWWHQWLYH�WKDQ�ZLWK�D�VHFRQGDU\�WDVN� EXW
UHVXOWV�ZHUH�VWLOO�FRPSDUDEOH�WR�WKRVH�LQ�SUHYLRXV�UHVHDUFK� 7KH�LQWURGXFWLRQ�RI �D�VHFRQGDU\�WDVN
PD\�WKHUHIRUH�QRW�EH�LQGLVSHQVDEOH�ZKHQ�VWXG\LQJ�GULYHU�UHVSRQVHV�GXULQJ�DXWRPDWHG�GULYLQJ�
$V�*DUULVRQ��������QRWHV� HYHQ�ZLWK�WKH�DGGLWLRQ�RI �VHFRQGDU\�WDVNV�GULYHUV�WHQG�WR�GLUHFW�WKHLU
DWWHQWLRQ�WR�WKH�URDG�DJDLQ�LQ�KD]DUGRXV�VLWXDWLRQV�

7KHUH�ZHUH�GLIIHUHQFHV� PDLQO\�EDVHG�RQ�DJH� EHWZHHQ�WKH�WZR�JURXSV�RI �H[SHULHQFHG�DQG
LQH[SHULHQFHG�$&& XVHUV��VHH�)LJXUH ��� RQ�SDJH ���� 7KRVH�H[SHULHQFHG�ZLWK�$&& ZHUH�RQ
DYHUDJH����\HDUV�ROG� ZKHUHDV�WKRVH�LQH[SHULHQFHG�ZLWK�WKH�V\VWHP�ZHUH����\HDUV�ROG� 2ZQHUV
RI �$&& WHQG�WR�EH�VRPHZKDW�ROGHU��KDOI �RI �WKH�UHVSRQGHQWV�LQ�6WXG\�, ZHUH�������\HDUV�ROG��
WKXV�DIIHFWLQJ�WKH�SRVVLEOH�VDPSOH� 5HVXOWV� DPRQJ�RWKHUV� LQGLFDWHG�WKDW�WKRVH�H[SHULHQFHG�ZLWK
$&& ZHUH� IDVWHU� WR� UHVSRQG� WR� LWV�EHKDYLRXU� WKDQ� WKRVH� LQH[SHULHQFHG� �3DSHU� ,,,���$V� LW�KDV

��



� *(1(5$/ ',6&866,21

SUHYLRXVO\�EHHQ�NQRZQ�WKDW�ROGHU�GULYHUV�KDYH�VORZHU�UHVSRQVH�WLPHV�WKDQ�\RXQJHU�GULYHUV��H�J�
%URHQ�DQG�&KLDQJ�������� WKLV�HIIHFW�PD\�EH�HYHQ�ODUJHU�WKDQ�LQGLFDWHG� 7KH�HIIHFW�LV�WKHUHIRUH
PRVW�SUREDEO\�GXH�WR�H[SHULHQFH�ZLWK�WKH�V\VWHP� 'ULYHU�VWUDWHJLHV�VKRXOG�QRW�KDYH�EHHQ�DIIHFWHG
E\�DQ\�DJH�GLIIHUHQFHV� DV�LW�LV�QRW�SRVVLEOH�WR�H[KLELW�WKH�EHKDYLRXUV�IRXQG�LQ�3DSHU�,, ZLWKRXW
$&& RU�$&&�$6�

,W�LV�FOHDU�WKDW�WKH�FKRLFH�RI �VFHQDULRV�LQ�WKH�VLPXODWRU�VWXG\�DIIHFWHG�ZKDW�UHVSRQVHV�DQG
VWUDWHJLHV�FDQ�EH�GLVFHUQHG� DQG�WKH�EURDG�UDQJH�RI �VFHQDULRV�XVHG�WKHUHIRUH�ZHUH�DQ�DGYDQWDJH�
7KH�XVH�RI �VLPXODWRUV�VWLOO�GRHV�QRW�QHFHVVDULO\�SURYLGH�DQ�DFFXUDWH�GHVFULSWLRQ�RI �KRZ�GULYHUV
UHVSRQG�LQ�DFWXDO�WUDIILF�ZKHQ�XVLQJ�GULYLQJ�DXWRPDWLRQ� DV�WKHLU�GULYLQJ�VWUDWHJLHV�DUH�VHOGRP
REVHUYHG� 7KHUHIRUH� WKH�DELOLW\�WR�FRPSDUH�VLPXODWRU�GDWD�WR�GDWD�IURP�D�ILHOG�WHVW�ZRXOG�EH
QHFHVVDU\�WR�GLVFHUQ�DQ\�VLPLODULWLHV�RU�GLIIHUHQFHV�

����� 6WXG\�,,, ��)27 GDWDEDVH

2QH�HYHQW�IURP�6WXG\�, WKDW�PLJKW�FDXVH�GULYHUV�WR�UHFODLP�FRQWURO�ZDV�D�FXW�LQ�VLWXDWLRQ� DQG
WKHVH�EHFDPH�WKH�IRFXV�RI �WKH�)27 VWXG\� 7KH�LGHQWLILFDWLRQ�RI �D�VKDUS�FXUYH�ZDV�DOVR�DWWHPSWHG�
EXW�SURYHG�WRR�GLIILFXOW�WR�LGHQWLI\�LQ�WKH�DYDLODEOH�GDWD� $ FXW�LQ�VLWXDWLRQ�ZDV�DOVR�LPSOHPHQWHG
DV�D�VFHQDULR�LQ�WKH�VLPXODWRU�VWXG\� DOORZLQJ�D�FRPSDULVRQ�WR�EH�PDGH� 2QH�PDMRU�GLIIHUHQFH
EHWZHHQ�WKH�)27 VWXG\�DQG�WKH�RWKHU�VWXGLHV�ZDV�WKDW�DFFHVV�WR�GDWD�ZDV�JUDQWHG�RQO\�SRVW�GDWD
FROOHFWLRQ� 7KHUHIRUH� LW�ZDV�QHLWKHU�SRVVLEOH�WR�LQIOXHQFH�WKH�VHOHFWLRQ�RI �SDUWLFLSDQWV� QRU�WR
LQFOXGH�DQ\�RWKHU�TXHVWLRQV�RU�FRQWUROV�QRW�DOUHDG\�SUHVHQW�LQ�WKH�GDWD�

$V�WKH�VDPH�VHOHFWLRQ�FULWHULD�KDYH�EHHQ�XVHG� WKH�FXW�LQ�VLWXDWLRQV�LGHQWLILHG�LQ�WKH�)27
GDWD�DUH�FRPSDUDEOH�WR�HDFK�RWKHU�ZLWK�UHJDUG�WR�YHKLFOH�G\QDPLFV�DQG�YHKLFOH�FRQWUROV� 7KH
VLPXODWRU�VWXG\�ZDV�DOVR�GHVLJQHG�VR�WKDW�D�PLG�OHYHO�7+: RI �����VHFRQGV�ZRXOG�EH�XVHG� WKRXJK
WKH�VLPXODWRU�LQFOXGHG�D�VORZ�PRYLQJ�TXHXH�DQG�WKH�FXW�LQV�RULJLQDWLQJ�IURP�WKH�OHIW� ,Q�WKH
)27 GDWD� VLWXDWLRQV�RFFXUUHG�LQ�KLJKHU�VSHHGV� DQG�FXW�LQV�RULJLQDWHG�IURP�WKH�ULJKW� 7KHVH
GLIIHUHQFHV�PD\�KDYH�KDG�DQ�LQIOXHQFH�RQ�GULYHU�UHVSRQVHV�DV�WKH�VLPXODWRU�VFHQDULR�FRXOG�EH
FRQFHLYHG�DV�PRUH�FULWLFDO� 0RUH�UHVHDUFK�LV�QHHGHG�LQWR�WKH�FKRLFHV�RI �VFHQDULRV�IRU�ERWK�)27
VWXGLHV�DQG�VLPXODWRU�VWXGLHV� &XW�LQ�VLWXDWLRQV�QRW�LGHQWLILHG�ZLWK�WKH�VDPH�FULWHULD�ZLOO�KDYH
EHHQ�PLVVHG� DW�OHDVW�LQ�SDUW�GXH�WR�WKDW�VLWXDWLRQV�HQWHUHG�ZLWK�$&& DQG�ZLWKRXW�FDQ�EH�GLIIHUHQW�
5HGXFLQJ�VSHHG�ZLWK�$&& PD\�DOVR�EH�VHHQ�DV�D�PRUH�HIIRUWIXO�DFWLRQ�WKDQ�DOORZLQJ�$&& LWVHOI
WR�DFW� DQG�PRUH�VHYHUH�HYHQWV�PD\�WKHUHIRUH�KDYH�EHHQ�FDSWXUHG�LQ�WKH�$&& FRQGLWLRQ�WKDQ�WKH
PDQXDO�FRQGLWLRQV�

7KH�DGYDQWDJHV�RI �VWXG\LQJ�WKH�FXW�LQ�HYHQW�LQ�)27 GDWD�LV�WKDW�WKH�GULYHUV�KDYH�EHHQ�IUHH
WR�FKRRVH�ZKHQ�WR�XVH�$&&��ZKHUHDV�LQ�VLPXODWRU�VWXGLHV�WKH\�DUH�WROG�ZKHQ�WR�XVH�LW�PDNLQJ
WKH�FRPSDULVRQ�RI �VLWXDWLRQV�PRUH�VWUDLJKWIRUZDUG� 7KH�GLIILFXOW\�WKHUHIRUH�OLHV�LQ�FRPSDULQJ
WKH�VLWXDWLRQV�LQ�)27 GDWD� DV�WKHUH�LV�DQ�LQILQLWH�DPRXQW�RI �H[WHUQDO�IDFWRUV�WKDW�PD\�LQIOXHQFH
GULYHU�UHVSRQVHV�DQG�FKRLFHV� 'HILQLQJ�ZKDW�WR�XVH�DV�EDVHOLQH�LV�DOVR�SUREOHPDWLF� DV�GULYHUV�PD\
HQG�XS�LQ�TXDOLWDWLYHO\�GLIIHUHQW�VLWXDWLRQV�ZLWK�DQG�ZLWKRXW�WKH�V\VWHP� GHSHQGLQJ�RQ�KRZ�WKH\
LQFRUSRUDWH�LW�LQWR�WKHLU�GULYLQJ�DQG�KRZ�$&& LQIOXHQFHV�WKH�VWUDWHJLHV�WKDW�PD\�OHDG�WR�FHUWDLQ
VLWXDWLRQV�RU�QRW� 6XFK�GLVVLPLODULWLHV�DUH�GLIILFXOW�WR�NQRZ�ZLWKRXW�DGGLWLRQDO�XQGHUVWDQGLQJ�RI
ZKHQ�GULYHUV�FKRRVH�WR�DFWLYDWH�RU�GHDFWLYDWH� WKH�V\VWHP� 7KH�FRQVWUXFWLRQ�RI �D�µFRPSOHWHµ
PRGHO�RI �D�FXW�LQ�HYHQW�LV�WKHUHIRUH�SUDFWLFDOO\�LPSRVVLEOH� 7KH�UHVXOWLQJ�IRFXV�WKXV�ZDV�WR�ILQG
WKH�FRQWULEXWLRQ�RI �$&& RQ�GULYHU�UHVSRQVH�WLPH� QRW�DOO�FRQWULEXWLQJ�IDFWRUV�

7KH�SRVVLELOLW\�WR�XVH�YLGHR�IRU�HYHQW�YDOLGDWLRQ�FDQ�SURYLGH�PRUH�LQIRUPDWLRQ�ZKHQ�LGHQ�
WLI\LQJ�HYHQWV�DQG�GULYHU�VWUDWHJLHV� DV�QRQ�UHOHYDQW�HYHQWV�FDQ�EH�GLVFDUGHG�EHIRUH�GDWD�DQDO\VLV�
<HW� WR�LQFUHDVH�FRPSDUDELOLW\�RI �EDVHOLQH�DQG�WUHDWPHQW�VLWXDWLRQV�DV�ZHOO�DV�FRPSDULVRQV�ZLWK

��
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VLPXODWRU�UHVXOWV� D�PL[WXUH�EHWZHHQ�D�)27 VWXG\�DQG�D�ILHOG�WHVW�ZRXOG�SUREDEO\�EH�DGYDQWD�
JHRXV� $VNLQJ�GULYHUV�WR�GULYH�FHUWDLQ�URDGV�GXULQJ�VSHFLILF�WLPHV�RU�GD\V�ZRXOG�RIIHU�D�ZLGHU
SHUVSHFWLYH�RI �V\VWHP�XVDJH�DQG�HIIHFWV� &KDQJHV�LQ�WKH�WDFWLFDO�DVSHFWV�RI �GULYLQJ�ZLWK�V\VWHPV
LQ�WKH�UHDO�ZRUOG�FDQ�RQO\�EH�IRXQG�WKLV�ZD\� E\�REVHUYLQJ�GULYLQJ�FKRLFHV�GXULQJ�D�VSHFLILF�WLPH�
DW�D�VSHFLILF�URDG� RQ�VHYHUDO�GLIIHUHQW�RFFDVLRQV�DQG�E\�ORRNLQJ�IRU�FKDQJHV�RYHU�WLPH� 6XFK
UHVXOWV�ZRXOG�WKHQ�FRPSOHPHQW�UHVHDUFK�RQ�UHVSRQVH�WLPHV� SURYLGLQJ�D�EURDGHU�GHVFULSWLRQ�RI
WKH�HIIHFWV�RI �DXWRPDWLRQ�RQ�GULYLQJ�

��� 5HVXOWV�GLVFXVVLRQ

7KLV�WKHVLV�RULJLQDWHG�LQ�D�GHVLUH�WR�XQGHUVWDQG�KRZ�WKH�DXWRPDWLRQ�RI �SDUWV�RI �WKH�ORQJLWXGLQDO
GULYLQJ�WDVN� RSHUDWLRQDOLVHG�E\�$&&��LV�LQFRUSRUDWHG�LQWR�GULYLQJ�E\�WKRVH�XVLQJ�WKH�V\VWHP� $
UHSUHVHQWDWLYH�RI �D�IRUP�RI �GULYLQJ�DXWRPDWLRQ�WKDW�ZLOO�SUREDEO\�EH�HYHQ�PRUH�SUHYDOHQW�LQ�WKH
IXWXUH� $&& UHOLHYHV�WKH�GULYHU�IURP�VRPH�FRJQLWLYH�HIIRUW��VHH <RXQJ�HW DO��������� 7R�H[SRXQG
RQ�WKH�GLIIHUHQFHV�RI �GULYLQJ�ZLWK�DQG�ZLWKRXW�DXWRPDWLRQ� VSHFLILF�HIIRUW�ZDV�SODFHG�RQ�VWXG\LQJ
GULYHU�EHKDYLRXU�RQ�WKH�WDFWLFDO�OHYHO�

'ULYLQJ�ZLWK�DXWRPDWLRQ�KDV�QRW�LQ�WKLV�WKHVLV�EHHQ�LQWULQVLFDOO\�YDOXHG�DV�EHLQJ�EHWWHU�RU
ZRUVH�WKDQ�GULYLQJ�ZLWKRXW�DXWRPDWLRQ� RQO\�GLIIHUHQW� $OVR� WKH�SUHIHUHQFHV�RI �WKH�XVHUV�KDYH
EHHQ�WDNHQ�LQWR�FRQVLGHUDWLRQ�WR�LQGLFDWH�KRZ�DQG�ZKHQ�WKH\�GHHP�DXWRPDWLRQ�WR�EH�XVHIXO�RU
QRW�

.H\�ILQGLQJV�IURP�WKH�VWXGLHV�FRQFHUQ

◦ 'LIIHUHQW�ZD\V�GULYHUV�FKRRVH�WR�PDNH�XVH�RI �$&&

◦ 7KH�HIIHFWV�RI �GULYHU�H[SHULHQFH�ZLWK�$&& RQ�WKHLU�UHVSRQVHV�ZLWK�WKH�V\VWHP

◦ 7KH�LPSOLFDWLRQ�RI �VWXG\LQJ�WDFWLFDO�EHKDYLRXU�ZLWK�WKH�V\VWHP

����� 'HOHJDWLQJ�FRQWURO�WR�$&&

$V�SUHYLRXVO\�GLVFXVVHG�LQ�6HFWLRQ������� FRQWURO�LV�GHILQHG�SDUWO\�DV�SHUIRUPLQJ�DQ�DFWLRQ� SDUWO\
DV�FRQWUROOLQJ�WKDW�WKH�DFWLRQ�KDV�WKH�LQWHQGHG�HIIHFW� 'HOHJDWLRQ�LV�GHILQHG�DV�WKH�DFW�RI �WUXVWLQJ
DQRWKHU�DJHQW�WR�GR�D�VSHFLILF�WDVN��)DOFRQH�DQG�&DVWHOIUDQFKL�������� :LWK�$&&��WKH�GHOHJDWLRQ
RI �FRQWURO�FDQ�EH�VWXGLHG�LQ�WKH�FKRLFHV�GULYHUV�PDNH�RI �ZKHQ�WR�GHOHJDWH� DQG�ZKHQ�QRW�WR� 7KH
SULPDU\�IRFXV�IRU�WKLV�WKHVLV�LV�ERUGHUOLQH�WUDIILF�FRQIOLFWV� L�H� VWXG\LQJ�VLWXDWLRQV�ZKHUH�GULYHUV
RIWHQ�FKRRVH�WR�UHVXPH�PDQXDO�FRQWURO�IURP�DXWRPDWLRQ�

'ULYHUV�DSSHDU�WR�NHHS�LQ�PLQG�WKDW�$&& LV�QRW�D�FRJQLVDQW�V\VWHP�ZLWK�WKH�GLVDGYDQWDJHV
PHQWLRQHG�E\�)DOFRQH�DQG�&DVWHOIUDQFKL��������DQG�LQ�)LJXUH ��� RQ�SDJH ��� ,QH[SHULHQFHG
$&& XVHUV�DOVR�DSSHDU� WR�DVVXPH�D�PRUH�FDXWLRXV�EHKDYLRXU�DQG�DQG�GR�QRW�GHOHJDWH�HLWKHU
PDQXDO�RU�PRQLWRULQJ�FRQWURO�WR�$&& �3DSHU�,,���7KH\�UHFODLP�PDQXDO�FRQWURO�EHIRUH�$&& KDV
D�FKDQFH�WR�UHVSRQG�LQVWHDG�RI �H[SHFWLQJ�D�UHVSRQVH� 7KLV�ZDV�DSSDUHQW�LQ�WKH�H[LW�VFHQDULR�LQ
3DSHU�,,��ZKHUH�WKH�QRYLFH�XVHUV�UHFODLPHG�FRQWURO�IURP�$&& ZKHUHDV�QRQH�RI �WKH�H[SHULHQFHG
XVHUV�GLG�VR� 7KH�VXFFHVV�RI �ZRUNLQJ�ZLWK�$&& LV�WKXV�GHSHQGHQW�RQ�WKH�GULYHU·V�XQGHUVWDQGLQJ
RI �WKH�V\VWHP·V�UROH� RU�DV�+RF�HW DO���������GHVFULEH�LW� PDQDJHPHQW�DW�WKH�FRRUGLQDWLRQ�OHYHO
�VHH�DOVR�6HFWLRQ�������� ,Q� WKH�VLPXODWRU� VWXG\� WKH�GULYHUV� WRRN� WKH�V\VWHP·V�EHKDYLRXU� LQWR
DFFRXQW�DQG�DSSHDUHG�WR�EH�DZDUH�WKDW�LW�ZDV�DFWLYH� ,Q�UHDO�WUDIILF� GULYHUV�PD\�EH�DZDUH�WKDW
$&& LV�SUHVHQW� EXW�GR�QRW�DOZD\V�UHDOLVH�LI �LW�LV�DFWLYH�RU�QRW�XQWLO�LW�GRHV�VKRXOG�SHUIRUP�DFWLRQV
�3DSHU�,���$FWLRQ�RU�LQDFWLRQ�RQ�WKH�SDUW�RI �WKH�V\VWHP�VHUYHV�DV�D�FXH�WR�WKH�GULYHU�RI �V\VWHP
SHUFHSWLRQ�DW�D�JLYHQ�WLPH� ,QIHUHQFH�PDQDJHPHQW�DW�WKH�DFWLRQ�OHYHO��VHH�+RF��������+RF�HW DO��

��
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������LV�WKHUHIRUH�DOVR�GHSHQGHQW�RQ�WKH�FRRUGLQDWLRQ�OHYHO�IRU�WKH�GULYHU�WR�PRQLWRU�WKH�PRVW
VXLWDEOH�FXHV��3DSHU�,,,���7R�IDFLOLWDWH�D�IDVW�UHVSRQVH�DW�WKH�DFWLRQ�OHYHO� H[SHULHQFH�ZLWK�DQG�WKH
SRVVLELOLW\�WR�NQRZ�WKH�V\VWHP·V�UROH�LV�LPSRUWDQW�

'HOHJDWLQJ�7+: FRQWURO�WR�$&&PLJKW�EH�FRQFHLYHG�DV�WKH�GHOHJDWLRQ�RI �WZR�VHSDUDWH�WDVNV�
2QH�LV�WKH�FRQWLQXRXV�VSHHG�NHHSLQJ�DQG�VPDOO�DGMXVWPHQWV�LQ�7+: QHHGHG�LQ�PRVW�WUDIILF� 7KH
RWKHU�LV�WKH�LQWHUIHUHQFH�PDQDJHPHQW�RI ��PRUH�QRWLFHDEOH��ERUGHUOLQH�WUDIILF�FRQIOLFWV� ZKHUH
GULYHUV�PD\�QHHG�WR�UHFODLP�PDQXDO�FRQWURO�WKHPVHOYHV� )RU�WKH�VSHHG�NHHSLQJ� $&& LV�D�YHU\
XVHIXO�V\VWHP� 'ULYHUV�DUH�QRW�DEOH� WR�SHUFHLYH�7+: OLPLWV�WR�WKH�VDPH�OHYHO�RI �GHWDLO�RU�DV
FRQWLQXRXVO\�DV�$&& GRHV� WKHUH�WKH�V\VWHP�LV�PXFK�VXSHULRU� )RU�WKH�ERUGHUOLQH�WUDIILF�FRQIOLFWV
RQ�WKH�RWKHU�KDQG� GULYHUV�DUH�IRUFHG�WR�FRQWURO�WKDW�WKH�DFWLRQV�RI �$&& KDYH�DQ�DSSURSULDWH
HIIHFW� HLWKHU�YLVXDOO\�RU�WR�D�FHUWDLQ�H[WHQW�YLD�WKH�KDSWLF�IHHGEDFN�RI �DFFHOHUDWLRQ� 7KHUHIRUH�
GULYHUV�PD\�FKRRVH�DKHDG�RI �WLPH�QRW�WR�GHOHJDWH�FRQWURO�WR�WKH�V\VWHP�LI �WKH\�GR�QRW�WKLQN
WKDW� V\VWHP�FRQWURO�ZLOO�EH� DSSURSULDWH� ,Q�GHVLJQLQJ� IRU� VXLWDEOH� WDVN�GHOHJDWLRQ� WKH� DFWXDO
LQWHUIHUHQFH�PDQDJHPHQW�QHHGHG�PXVW�EH�WDNHQ�LQWR�DFFRXQW�LQ�RUGHU�WR�GHVFULEH�ZKDW�NLQGV�RI
GHOHJDWLRQ�DUH�RFFXUULQJ�DQG�ZKHUH�

����� 7KH�LPSRUWDQFH�RI �H[SHULHQFH�ZLWK�$&&

:LWK�WRGD\·V�GULYLQJ�DXWRPDWLRQ� FRRSHUDWLRQ�LV�QRW�SRVVLEOH� 'ULYHUV�DUH�LQVWHDG�IRUFHG�WR�H[�
SORLW�DFWLRQ�WDVNV�E\�$&& �VHH�6HFWLRQ������ DQG�)DOFRQH�DQG�&DVWHOIUDQFKL�������� DQG�GHWHUPLQH
ZKDW�FDQ�EH�GHOHJDWHG�DQG�ZKHQ�WKHPVHOYHV� 7KLV�XVDJH�RI �DXWRPDWLRQ�QHHGV�WR�EH�OHDUQHG�IRU
WKH�GULYHU�WR�NQRZ�ZKHQ�GLIIHUHQW�VWUDWHJLHV�ZLOO�EH�VXFFHVVIXO� $V�WKH�H[SHULHQFHG�XVHUV�KDYH
ZRUNHG�ZLWK�$&& DQG�OHDUQHG�KRZ�WKH�V\VWHP�UHVSRQGV�DQG�DFWV� LQ�YDULRXV�VLWXDWLRQV� WKHVH
V\VWHP�EHKDYLRXUV�DSSHDU�WR�EH�HVWDEOLVKHG�LQ�WKH�GULYHU·V�XQGHUVWDQGLQJ�RI �WKH�V\VWHP� GHPRQ�
VWUDWHG�LQ�WKH�UHVXOWV�IURP�3DSHU�,,, DQG�,,�

7UDIILF�FRQIOLFWV�RU�HQYLURQPHQWDO�FRQVWUDLQWV�WKDW� LQ�WKH�PLQG�RI �WKH�GULYHU� DUH�EH\RQG�WKH
VFRSH�RI �$&& VHHP�WR�EH�LQFRUSRUDWHG�LQ�WKH�GULYHU·V�SODQ�DOVR�DW�DQ�HDUOLHU�SRLQW��VHH�3DSHU
,,���$V�.RSI �DQG�1LUVFKO��������SRLQW�RXW� H[SHULHQFHG�$&& XVHUV� LQWHUYHQH� OHVV�RIWHQ�ZLWK
$&& DV�WKH\�LQFRUSRUDWH�V\VWHP�EHKDYLRXU�LQWR�WKHLU�SODQV� ,Q�6WXG\�,,��ERWK�H[SHULHQFHG�DQG
LQH[SHULHQFHG�$&& XVHUV�WRRN�$&& EHKDYLRXU�LQWR�DFFRXQW� +RZHYHU� KDYLQJ�EHHQ�LQIRUPHG
DERXW�V\VWHP�OLPLWV� QRYLFH�$&& XVHUV�DSSHDUHG�WR�RYHUH[WHQG�WKH�NQRZOHGJH�WKDW�$&& ZRXOG
DFFHOHUDWH�VRPH�LQ�WKH�H[LW�FRQGLWLRQ�LQ�3DSHU�,, EHIRUH�FRQQHFWLQJ�WR�D�QHZ�OHDG�YHKLFOH� ,QVWHDG
RI �DOORZLQJ�WKH�$&& V\VWHP�WR�ORVH�FRQWDFW� DFFHOHUDWH�DQG�UHFRQQHFW�ZLWK�D�QHZ�OHDG�YHKLFOH�
WKH�QRYLFH�XVHUV�VZLWFKHG�RII �$&&��7KLV�HYHQ�WKRXJK�WKH�V\VWHP�ZRXOG�EH�DEOH�WR�FRSH�ZLWK
WKH� VLWXDWLRQ� DQG� LV� LQGHHG� PHDQW� WR�GR� VR� $ VLPLODU� EXW� GLIIHUHQW� FRQVHUYDWLYH� UHVSRQVH�
LQ�D�GLIIHUHQW�VLWXDWLRQ� ZDV�DOVR�HYLGHQW�LQ�WKH�EHKDYLRXU�RI �WKH�PRUH�H[SHULHQFHG�XVHUV�ZKR
UHVSRQG�HDUOLHU�WR�LQDSSURSULDWH�DFFHOHUDWLRQ�RI �WKH�$&& DQG�$&&�$6 WKDQ�GLG�QRYLFH�XVHUV�
7KLV�PLUURUV�WKH�UHVXOWV�IRXQG�E\�/ODQHUDV�������� LQ�WKDW�GULYHUV�DUH�PRUH�FDXWLRXV�LQLWLDOO\�ZLWK
WKH�V\VWHP� EXW�H[WHQG�WKHLU�XVDJH�RYHU�WLPH� 7KH�HDUOLHU�UHVSRQVH�RI �WKH�PRUH�H[SHULHQFHG�XVHUV
WR�DFFHOHUDWLRQ��3DSHU�,,,� PD\�EH�GXH�WR�WKHLU�ODUJHU�DZDUHQHVV�RI �V\VWHP�OLPLWDWLRQV��'LFNLH�DQG
%R\OH�������� 7KDW�H[SHULHQFHG�XVHUV�DUH�LQGHHG�IDVWHU�WR�UHVSRQG�ZKHQ�XVLQJ�$&& LV� KRZHYHU�
QHZ�NQRZOHGJH�

$V�FRQWLQXRXV�FRQWURO�KDV�EHHQ�GHOHJDWHG�ERWK�ZLWK�UHJDUG�WR�PRQLWRULQJ�DQG�PDQXDO�KDQ�
GOLQJ� WKH�PDLQ�FKRLFH�GULYHUV�KDYH�RI �PRQLWRULQJ�V\VWHP�SHUIRUPDQFH�LQ�ERUGHUOLQH�FRQIOLFWV�LV
WR�ZDLW�DQG�VHH� 7KH�RWKHU�LV�WR�EH�VR�SURDFWLYH�WKDW�WKH�V\VWHP�LV�QRW�DOORZHG�WR�UHVSRQG� :DLWLQJ
IRU�D�V\VWHP�UHVSRQVH�FDQ�DOVR�EH�XVHG�WR�UHPLQG�WKH�GULYHU�LI �WKH�V\VWHP�LV�RQ�RU�RII� VRPHWKLQJ
GULYHUV�FDQ�EHFRPH�FRQIXVHG�DERXW��VHH�3DSHU�,���3UHYLRXV�UHVHDUFK�KDV�VKRZQ�WKDW�GULYHUV�VWDUW

��
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RXW�E\�WHVWLQJ�V\VWHP�OLPLWDWLRQV��6LPRQ�������� WKXV�H[SHULHQFLQJ�V\VWHP�KDSWLFV�DQG�V\VWHP
EHKDYLRXU� LQ�ERUGHUOLQH�VLWXDWLRQV� ODWHU�VHWWOLQJ�IRU�D�PRUH�VWDEOH�ZD\�RI �XVLQJ�WKH�V\VWHP�LQ
WKHLU�GULYH� :LWK�H[SHULHQFH� GULYHUV�DOVR�DSSHDU�WR�GHSHQG�DW�OHDVW�SDUWO\�RQ�V\VWHP�DFWLRQV�WR
GLDJQRVH�VXFK�ERUGHUOLQH�FRQIOLFW�VLWXDWLRQV� GULYHUV�ZKR�ZHUH�XVHG�WR�$&& ZHUH�IDVWHU�WR�UH�
VSRQG�WR�V\VWHP�DFWLRQ�WKDQ�QRYLFH�XVHUV��3DSHU�,,,���6R� LQ�VRPH�FLUFXPVWDQFHV� GULYHUV�DSSHDU
WR�UHVSRQG�WR�V\VWHP�EHKDYLRXU�FRQQHFWHG�WR�WKH�VLWXDWLRQ�DW�KDQG� $V�WKH�PRUH�H[SHULHQFHG
XVHUV�NQRZ�RI �V\VWHP�EHKDYLRXU�DQG�LWV�FRQVHTXHQFHV�WR�D�ODUJHU�H[WHQW�WKDQ�QRYLFH�XVHUV� WKH\
ZHUH�DEOH�WR�UHVSRQG�WR�V\VWHP�DFWLRQ�UDWKHU�WKDQ�WKH�GHFUHDVLQJ�JDS�WR�WKH�QH[W�YHKLFOH� 7KLV
LV�VRPHZKDW�VLPLODU�WR�SUHYLRXV�UHVHDUFK��$XVW�HW DO���������(UYLQ�HW DO���������'LMNVWHUKXLV�HW DO��
������ LQGLFDWLQJ�WKDW�GULYHUV�OHDUQ�WR�UHVSRQG�WR�V\VWHP�DFWLRQV�UDWKHU�WKDQ�WR�D�VLWXDWLRQ� ,Q�WKH
VSHFLILF�FDVH�UHSRUWHG�LQ�3DSHU�,,,��GULYHUV�KDG�WR�SHUFHLYH�WKH�V\VWHP�UHVSRQVH�DQG�GLDJQRVH�LW
DV�EHLQJ�LQFRUUHFW�

:LWK�UHJDUG�WR�DVVLVWHG�VWHHULQJ� LW�GLG�QRW�DSSHDU�WKDW�H[SHULHQFH�ZLWK�$&& FRXOG�WUDQVIHU
WR�DOO�DVSHFWV�RI �XVLQJ�$&&�$6��%UDNH�UHVSRQVH�WLPHV�ZHUH�VLPLODU��3DSHU�,,,���LQGLFDWLQJ�WKDW�LQ
D�ORQJLWXGLQDO�VFHQDULR� V\VWHP�EHKDYLRXU�FDQ�EH�JHQHUDOLVHG�WR�LQFOXGH�FDVHV�RI �DFWLYH�VWHHULQJ�DV
ZHOO� :KHQ�KDQGOLQJ�$&&�$6�VSHFLILF�EHKDYLRXUV�LW�ZDV�FOHDU�WKDW�NQRZLQJ�RI �$&& OLPLWDWLRQV
GLG�QRW�DIIHFW�GULYHU�EHKDYLRXU� ,QVWHDG� GULYHUV�DSSHDUHG�WR�EHKDYH�VLPLODUO\�UHJDUGOHVV�RI �WKHLU
H[SHULHQFH�ZLWK�$&&��7KHVH�UHVXOWV�DGG�WR�SUHYLRXV�NQRZOHGJH�WKDW�GULYHUV�QHHG�WR�H[SHULHQFH
V\VWHP�EHKDYLRXUV�LQ�D�VSHFLILF�VLWXDWLRQ�LQ�RUGHU�WR�OHDUQ�LW��6WUDQG�HW DO���������

:KHQ�VWXG\LQJ�GULYHU�UHVSRQVHV�LQ�ERUGHUOLQH�WUDIILF�FRQIOLFWV� WKH�EHKDYLRXUV�RI �H[SHULHQFHG
XVHUV�FOHDUO\�QHHG�WR�EH�WDNHQ�LQWR�DFFRXQW� 7KH�LPSRUWDQFH�RI �LQFOXGLQJ�GULYHUV�ZLWK�H[SHULHQFH
RI �V\VWHP�EHKDYLRXUV�PDLQO\�OLHV�LQ�WKHLU�NQRZOHGJH�RI �ZKDW�V\VWHPV�PD\�RU�PD\�QRW�EH�DEOH
WR�KDQGOH� DQG�WKXV�ZKDW�PD\�RU�PD\�QRW�UHTXLUH�D�UHVSRQVH��3DSHU�,,���7KH�TXHVWLRQ�UHPDLQV
KRZ�ORQJ�LV�UHTXLUHG�IRU�GULYHUV�WR�JHW�DFFXVWRPHG�WR�WKH�V\VWHP�VXIILFLHQWO\�WR�UHVSRQG�IDVWHU
WR�V\VWHP�DFWLRQV� DQG�LI �WKH�OHDUQLQJ�SURFHVV�QHHGV�WR�EH�RU�FRXOG�EH�VSHHGHG�XS�

����� 7KH�HIIHFWV�RQ�GULYHU�DWWHQWLRQ

*D]H�ZDV�VWXGLHG�LQ�RUGHU�WR�H[DPLQH�WKH�HIIHFWV�RI �H[SHULHQFH�RQ�DWWHQWLRQDO�VWUDWHJLHV�ZKHQ
GHDOLQJ�ZLWK�ERUGHUOLQH�WUDIILF�FRQIOLFWV� 3UHYLRXV�UHVHDUFK�KDV�VKRZQ�WKDW�H[SHULHQFH�PRGLILHV
GULYHU�DWWHQWLRQ��H�J��0RVW�DQG�$VWXU�������� 7KXV� H[SHULHQFH�ZLWK�$&& FRXOG�HQWDLO�GULYHUV
EHLQJ�PRUH�DOHUW�WR�VRPH�$&&�UHOHYDQW�EHKDYLRXUV�LQ�WUDIILF� DQG�WKHUHIRUH�DOVR�KDYLQJ�D�GLIIHUHQW
JD]H�SDWWHUQ� ,Q�WKH�FXUUHQW�VWXG\� DQ�DWWHPSW�ZDV�PDGH�WR�ILQG�HIIHFWV�RQ�OHVV�REYLRXVO\�H[SHFWHG
RU�XQH[SHFWHG�HYHQWV� 7KDW� LV� WR�VHH�ZKHWKHU�JD]H�GLIIHUV� LQ�ERUGHUOLQH�WUDIILF�FRQIOLFWV�WKDW
GHPDQG�PRUH�IURP�WKH�GULYHU�WKDQ�MXVW�IROORZLQJ�D�URDG� EXW�VWLOO�RFFXU�IDLUO\�IUHTXHQWO\� 3UHYLRXV
VWXGLHV�KDYH�LQGLFDWHG�WKDW�GULYHUV�DUH�DV�DWWHQWLYH�WR�WKH�URDG�LQ�FRPSOLFDWHG�VFHQDULRV�ZLWK�DQG
ZLWKRXW�DXWRPDWLRQ��*DUULVRQ��������-DPVRQ�HW DO��������� DQG�VR�VWXG\LQJ�YLVXDO�VWUDWHJLHV�PD\
EH�PRUH�DSSURSULDWH�WKDQ�RQ�URDG�JODQFHV�RQO\�

([SHULHQFHG�GULYHUV�GLG�H[KLELW�GLIIHUHQW�JD]H�SDWWHUQV�WKDQ�GLG�QRYLFHV�WR�VRPH�H[WHQW��3D�
SHU�,,���EXW�RQO\�LQ�FHUWDLQ�VLWXDWLRQV� ,Q�WKH�EURNHQ�FDU�VFHQDULR�LQ�3DSHU�,,��WKH�H[SHULHQFHG�$&&
XVHUV�ORRNHG�OHVV�DW�WKH�URDG�FHQWUH�WKDQ�GLG�WKH�QRYLFH�$&& XVHUV� 7KLV�FKDQJH�LQ�DWWHQWLRQDO
VWUDWHJLHV�E\�H[SHULHQFHG�$&& XVHUV�FDQ�VHUYH�WR�LQGLFDWH�WKDW�WKHLU�WDUJHWV�ZKHQ�GULYLQJ�ZLWK
$&& DUH�VRPHZKDW�GLIIHUHQW�WKDQ�WKH�WDUJHWV�DWWUDFWLQJ�QRYLFH�XVHU�DWWHQWLRQ�GXH�WR�H[SHULHQFHG
XVHUV�KDYLQJ�D�PRUH�FOHDU�JRDO�ZLWK�DXWRPDWLRQ��H�J��0RVW�HW DO��������� 7KH�GLIIHUHQFHV�ZHUH
QRW�ODUJH�DQG�WKH�TXHVWLRQ�LV�FOHDUO\�LQ�QHHG�RI �PRUH�LQYHVWLJDWLRQ� 7KH�UHVXOWV�IURP�3DSHU�,, GR
QRW�VXSSRUW�WKRVH�IURP�&DUVWHQ�HW DO��������� ZKR�H[SHFW�GULYHU�JD]H�WR�WKH�URDGZD\�WR�GHFUHDVH
ZLWK�$&&�$6��$V�SUHYLRXVO\�PHQWLRQHG� WKLV�PD\�EH�GXH�WR�&DUVWHQ�HW�DO� QRW�RQO\�VWXG\LQJ

��
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VSHFLILF�VFHQDULRV� ZKLFK�ZHUH�WKH�IRFXV�RI �WKLV�WKHVLV� 'ULYLQJ�ZLWK�DXWRPDWLRQ�GRHV�LQ�VRPH
ZD\V�DSSHDU�WR�DIIHFW�WKH�YLVXDO�VWUDWHJLHV�LQYROYHG�LQ�GULYLQJ�

7KH� LQWHQWLRQ�ZKHQ�PHDVXULQJ�GULYHU� WUXVW� LQ�$&& ZDV� WR� UHSOLFDWH� WKH� UHVXOWV� IRXQG�E\
5DMDRQDK�HW DO��������� KLJK�WUXVW�LQ�WKH�V\VWHP�OHDGLQJ�WR�RYHUO\�UHOLDQW�EHKDYLRXU�WRZDUG�WKH
V\VWHP�DQG�GHFUHDVHG�PRQLWRULQJ� 6RPH�RI �WKH�SDUWLFLSDQWV�LQ�6WXG\�,, GLG�LQGHHG�GHOHJDWH�WKH
VFHQDULRV�WR�DXWRPDWLRQ�DQG�GLG�QRW�UHFODLP�FRQWURO� EXW�WKLV�ZDV�QRW�D�UHSHDWLQJ�WHQGHQF\�IRXQG
LQ�VSHFLILF�GULYHUV� DQG�QRW�FRQQHFWHG�WR�WUXVW�RU�H[SHULHQFH�ZLWK�$&&��,W�PLJKW�DOVR�EH�QHFHVVDU\
WR�SRVH�WKH�TXHVWLRQ�LI �WUXVW�RIIHUV�PXFK�RI �DQ�H[SODQDWLRQ�ZLWK�UHJDUG�WR�GULYHU�FRRSHUDWLRQ�ZLWK
DXWRPDWLRQ�

([SHULHQFHG�$&& XVHUV�KDG�KLJKHU�OHYHOV�RI �WUXVW�LQ�$&& WKDQ�GLG�QRYLFH�XVHUV� ,W�LV�WKHUH�
IRUH� OLNHO\� WKDW�´WUXVWµ� LQ� WKLV� UHVSHFW�ZDV� UHODWHG� WR�GULYHUV·� FRQILGHQFH� LQ�ZRUNLQJ�ZLWK� WKH
V\VWHP� OLNH�WKH�WUXVW�PHQWLRQHG�E\�5DMDRQDK�HW DO��������� 7KH�H[SHULHQFHG�XVHUV�DUH�PRUH�OLNHO\
WR�NQRZ�PRUH�DERXW�V\VWHP�OLPLWDWLRQV��3DSHU�,���DQG�WKH�KLJKHU�OHYHOV�RI �WUXVW�H[KLELWHG�E\�WKHVH
GULYHUV�WKHUHIRUH�FRQWUDGLFW�WKH�UHVXOWV�RI �'LFNLH�DQG�%R\OH�������� 'LFNLH�DQG�%R\OH�KDG�IRXQG
WKDW�KLJKHU�OHYHOV�RI �WUXVW�LQ�D�V\VWHP�ZDV�DVVRFLDWHG�ZLWK�OHVV�NQRZOHGJH�RI �V\VWHP�OLPLWDWLRQV�
7KH�UHVXOWV�IURP�5DMDRQDK�HW DO���������FRXOG�QRW�EH�UHSOLFDWHG�HLWKHU� DV�KLJK�WUXVW�ZDV�DVVRFL�
DWHG�ZLWK�H[SHULHQFH�RI �$&& DQG�IDVWHU�GULYHU�UHVSRQVHV�UDWKHU�WKDQ�VORZHU��3DSHU�,,,���$V�WKH
VDPH�TXHVWLRQQDLUH�IRU�WUXVW�UDWLQJV�ZDV�QRW�XVHG� LW�PD\�ZHOO�EH�WKDW�WKH�WUXVW�PHDVXUHG�ZDV
GLIIHUHQW� ´7UXVWµ�PD\�WKHUHIRUH�DOVR�EH�WKH�ZURQJ�WHUP�WR�XVH� DV�LW�DSSDUHQWO\�GHSHQGV�WR�D
YHU\�ODUJH�H[WHQW�RQ�WKH�VXUYH\�XVHG�WR�JDXJH�LW� 3HUKDSV�LW�LV�PRUH�LPSRUWDQW�WR�GHFLGH�ZK\�WUXVW
LV�PHDVXUHG�DQG�ZK\�LW�VKRXOG�EH�LQIOXHQFHG� ,I �WKH�DLP�LV�WR�LPSURYH�GULYHU�FROODERUDWLRQ�ZLWK
WKH�V\VWHP� ILQGLQJ�WKH�IDFWRUV�WKDW�DFWXDOO\�PDNH�GULYHUV�DEOH�WR�GR�VR�LV�QHHGHG� VXFK�DV�WKHLU
H[SHULHQFH�ZLWK�V\VWHP�OLPLWDWLRQV�

����� 'HOHJDWLQJ�FRQWURO�LQ�ERUGHUOLQH�WUDIILF�FRQIOLFWV

7KH�XVH�RI �D�V\VWHP�VXFK�DV�$&& KDV�DQ�HIIHFW�RQ�KRZ�GULYHUV�PDNH�WDFWLFDO�GHFLVLRQV�VXFK
DV�WKH�PDQQHU�LQ�ZKLFK�WKH\�RYHUWDNH�RU�ZKDW�ODQH�WKH\�GULYH�LQ� DV�SUHYLRXVO\�GHPRQVWUDWHG
�H�J� 9ROOUDWK�HW DO���������6DDG�DQG�9LOODPH�������� ,Q�WKH�VWXGLHV�XQGHUWDNHQ�IRU�WKLV�WKHVLV� LW
LV�GHPRQVWUDWHG�WKDW�GULYHUV�DOVR�LQFRUSRUDWH�V\VWHP�DFWLRQV�LQWR�WKHLU�SODQV�IRU�UHVSRQGLQJ�WR
WUDIILF�FRQIOLFWV� DOORZLQJ�WKH�V\VWHP�WR�UHVSRQG�LI �SRVVLEOH��3DSHUV�,, DQG�,,,���'ULYHUV�DOVR�XVH
WKH�V\VWHP�GLIIHUHQWO\�GHSHQGLQJ�RQ�WKHLU�XQGHUVWDQGLQJ�RI �V\VWHP�OLPLWDWLRQV� VRPHWLPHV�QRW
DOORZLQJ�WKH�V\VWHP�WR�FRQWURO�WKH�VLWXDWLRQ��3DSHU�,,���:LWK�H[SHULHQFH�RI �XVLQJ�$&&��GULYHUV
OHDUQ�WR�FROODERUDWH�ZLWK�WKH�V\VWHP�E\�XQGHUVWDQGLQJ�LWV�DFWLRQV�DQG�FUHDWLQJ�VWUDWHJLHV�IRU�UH�
VSRQGLQJ�WR�LW�LQ�ERUGHUOLQH�FRQIOLFWV��3DSHU�,,,���'ULYHUV�OHDUQ�ZKDW�WDVNV�WKH�V\VWHP�FDQ�DQG
FDQQRW�DFW�RQ� DQG�ZKDW�PD\�EH�XVHG�DV�D�VLJQDO�WR�UHVXPH�FRQWURO� :LWK�WKLV�NQRZOHGJH� WKH\
EHFRPH�PRUH�DGHSW�DW�KDQGOLQJ�DQG�GHWHFWLQJ�ERUGHUOLQH�VLWXDWLRQV�WKDW�PD\�EH�EHWWHU�KDQGOHG
PDQXDOO\� WKXV�UHVSRQGLQJ�IDVWHU��3DSHU�,,,��

:KHQ�GULYLQJ�ZLWK�DXWRPDWLRQ� GULYHUV� LQ�WKH�VLPXODWRU�VWXG\�UHSRUWHG� LQ�3DSHU�,,, ZHUH
VORZHU�WR�UHVSRQG�WR�D�FXW�LQ�VLWXDWLRQ�WKDQ�ZLWKRXW�DXWRPDWLRQ��VLPLODU�WR�SUHYLRXV�UHVHDUFK�
H�J��0HUDW�DQG�-DPVRQ��������9ROOUDWK�HW DO��������� $V�GULYLQJ�DXWRPDWLRQ�UHTXLUHV�D�GHOHJDWLRQ
RI �PDQXDO�FRQWURO� WKLV�FRXOG�EH�VHHQ�DV�D�QDWXUDO�WDFWLFDO�VWUDWHJ\�IURP�WKH�GULYHU� 6\VWHP�DFWLRQ
RU�LQDFWLRQ�LV�DQ�LPSRUWDQW�FXH�WR�GULYHUV� DQG�ZLOO�WDNH�WLPH�WR�LGHQWLI\�DIWHU�KDYLQJ�FKRVHQ�WR
GHOHJDWH�D�WDVN�RU�VXE�WDVN�WR�WKH�V\VWHP� $V�GHPRQVWUDWHG�LQ�3DSHU�,,��GULYHUV�FDQ�DOVR�H[KLELW
D�PRUH�SURDFWLYH�DQG�FRQVHUYDWLYH�EHKDYLRXU� GLVHQJDJLQJ�WKH�V\VWHP�EHIRUH�LW�DFWV� EXW�VXFK�D
UHVSRQVH�PD\�EH�GHSHQGLQJ�RQ�WKH�W\SH�RI �HYHQW� $ VWXG\�RI �UHVSRQVH�WLPHV�WR�ERUGHUOLQH�WUDIILF
FRQIOLFWV� ZKHWKHU�FDXVHG�E\�WKH�V\VWHP�RU�VXUURXQGLQJ�WUDIILF� DUH�WKHUHIRUH�QRW�WKH�LGHDO�ZD\�WR

��
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VWXG\�WKH�HIIHFWV�RI �GULYLQJ�DXWRPDWLRQ�
6LPXODWRU�VWXGLHV�GR�QRW�SURYLGH�D�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RI �KRZ�$&& LV�XVHG�LQ

ERUGHUOLQH�WUDIILF�VLWXDWLRQV� :KHQ�FRPSDULQJ�GULYHU�UHVSRQVHV�WR�FXW�LQV�LQ�WKH�VLPXODWRU�GDWD
�3DSHU�,,,� WR�FXW�LQ�HYHQWV� LGHQWLILHG�LQ�WKH�)27 GDWD��3DSHU�,9��� LW�DSSHDUV�WKDW�WKHUH�LV�QR
GHWULPHQWDO�HIIHFW�RI �$&& XVDJH�LQ�WKH�)27 GDWD� 5DWKHU� WKHUH�ZDV�HYHQ�D�WHQGHQF\�WRZDUGV
D�IDVWHU�UHVSRQVH�LQ�WKH�)27 GDWD� FRQWUDGLFWLQJ�WKH�UHVXOWV�RI �3DSHU�,,, DV�ZHOO�DV�RWKHU�VWXG�
LHV�ZKHUH�WKH�XVH�RI �DXWRPDWLRQ�OHDGV�WR�D�VORZHU�UHVSRQVH�E\�GULYHUV��H�J��0HUDW�DQG�-DPVRQ�
������9ROOUDWK�HW DO���������6WDQWRQ�HW DO��������� 7KH�UHVXOWV�RI �WKH�(XUR)27 VWXG\�VLPLODUO\
LQGLFDWH�WKDW�ZKHQ�UHVSRQGLQJ�WR�)&: ZDUQLQJV� GULYHUV�UHVSRQGHG�DV�IDVW�ZLWK�$&& DFWLYH�DV
WKH\�GLG�ZLWKRXW��0DOWD�HW DO��������� 7KRXJK�WKH�VLWXDWLRQV�ZLWK�DQG�ZLWKRXW�$&& DFWLYH�DUH
VLPLODU�LQ�WKH�)27 VWXG\� GULYHUV�PD\�KDYH�GHYHORSHG�D�VWUDWHJ\�WR�ZRUN�ZLWK�$&& DQG�WKHUHIRUH
UHVSRQGHG�IDVWHU� 7KH�UHDVRQV�EHKLQG�PD\� IRU�H[DPSOH� EH�WKDW�WKH\�ZLVK�WR�DYRLG�D�SRWHQWLDOO\
XQFRPIRUWDEOH�GHFUHDVH�LQ�VSHHG�LI �WKH�V\VWHP�LV�DOORZHG�WR�UHVSRQG�DORQH�

,Q�VLPXODWRU�VWXGLHV� GULYHUV�DUH�W\SLFDOO\�WROG�WR�XVH�D�V\VWHP�WKH�HQWLUH�GULYH� DQG�FDQQRW
H[KLELW�WKH�VDPH�EHKDYLRXUV�LQ�DFWLYDWLQJ�RU�GHDFWLYDWLQJ�WKH�V\VWHP�DV�WKH\�ZRXOG�LQ�WKH�UHDO
ZRUOG� &RQYHUVHO\� LQ�)27 VWXGLHV�GULYHUV�FKRRVH�ZKHQ�WR�DFWLYDWH�WKH�V\VWHPV� EDVHG�RQ�WKHLU
SUHYLRXV�H[SHULHQFH�DQG�SUHIHUHQFHV� 7KHUHIRUH�GULYHUV�PD\�LQ�VLPXODWRU�VWXGLHV�HQG�XS�LQ�VLW�
XDWLRQV�ZLWK�$&& DFWLYH�ZKHUH�WKH\�WKHPVHOYHV�ZRXOG�QRW�KDYH�NHSW�WKH�V\VWHP�RQ� 'ULYHUV
PLJKW�FKRRVH�WR�GHDFWLYDWH�WKH�V\VWHP�LQ�FHUWDLQ�VLWXDWLRQV�GXH�WR�QRW�NQRZLQJ�KRZ�WKH�V\VWHP
UHVSRQGV� QRW�EH�NHHQ�RQ�WKH�V\VWHP·V�UHVSRQVH�LQ�WKDW�VSHFLILF�VLWXDWLRQ� RU�MXVW�RXW�RI �KDELW�
,W�PD\�DOVR�EH�WKH�FDVH�WKDW�WKH�IUHTXHQW�DFWLYDWLRQV�DQG�GHDFWLYDWLRQV�LQ�UHDO�WUDIILF�VHUYH�DV�D
UHPLQGHU�RQ�D�VXEFRQVFLRXV�OHYHO�IRU�WKH�GULYHU�WR�DWWHQG�WR�ORQJLWXGLQDO�HYHQWV� DQG�WKLV�DIIHFWV
JHQHUDO�UHVSRQVH�WLPHV� 0RUH�UHVHDUFK�LV�FOHDUO\�QHHGHG�RQ�ZKHQ�DQG�KRZ�GULYHUV�FKRRVH�WR�XVH
$&&��DQG�KRZ�WKLV�GLIIHUV�IURP�WKH�FRQVWUXFWHG�VFHQDULRV�LQ�VLPXODWRU�VWXGLHV�

7KH�UHVXOWV�WKH�VLPXODWRU�VWXGLHV�SURYLGH�DQVZHUV�IURP�RQH�SHUVSHFWLYH�RQ�KRZ�$&& FDQ
DIIHFW�GULYLQJ�LQ�WKH�UHDO�ZRUOG� 7KLV�SHUVSHFWLYH�LV� KRZHYHU� OLPLWHG�WR�FDVHV�ZKHUH�WKH�V\VWHP
LV�XVHG�WKH�ZD\�LW�ZDV�LQ�WKH�VLPXODWRU�VWXG\� ,I �LQVWHDG�GULYHU�VWUDWHJLHV�LQ�UHDO�WUDIILF�DUH�DIIHFWHG
WR�WKH�SRLQW�WKDW�GULYHUV�GR�QRW�HQG�XS�LQ�WKH�VLWXDWLRQV�WHVWHG�LQ�WKH�VLPXODWRU� WKH�SRWHQWLDO
SUREOHP��VXFK�DV�DQ�LQFUHDVH�LQ�UHVSRQVH�WLPH��GHFUHDVHV� ,W�LV�WKHUHIRUH�LPSRUWDQW�WR�VWXG\�ERWK
VLGHV�RI �WKH�LVVXH� KRZ�GULYHUV�PD\�UHVSRQG�LQ�VLWXDWLRQV�WKDW�FDQ�EH�VWXGLHG�LQ�VLPXODWRUV� DV
ZHOO�DV�ZKHUH�DQG�KRZ�WKH�V\VWHP�LV�XVHG�LQ�WUDIILF� 2I �FRXUVH� LW�PD\�DOVR�EH�WKDW�GULYHUV�DUH
PRUH�ZDWFKIXO�DQG�DZDUH�RI �WKH�V\VWHP�LQ�UHDO�WUDIILF� VR�WKDW�WKH\�DUH�IDVWHU�WR�UHVSRQG�HYHQ�WR
SHUKDSV�OHVV�ULVN\�VLWXDWLRQV� 7KLV�IDVWHU�UHVSRQVH�PD\�DOVR�EH�GXH�WR�WKHP�SUHVVLQJ�WKH�EUDNH
PRUH�WR�UHFODLP�FRQWURO�WKDQ�WR�UHGXFH�VSHHG�DV�VXFK� WKXV�WKH�VLWXDWLRQ�EHLQJ�GLIIHUHQW�IURP
GULYLQJ�ZLWKRXW�$&&��)XUWKHU�VWXGLHV�DUH�QHHGHG�

)RU�WKH�DFWLYH�VWHHULQJ� LW�ZDV�FOHDU�WKDW�GULYHUV�LQFRUSRUDWH�WKLV�V\VWHP�IXQFWLRQDOLW\�DV�ZHOO
LQWR�WKHLU�GULYLQJ�GHFLVLRQV� 'ULYHUV�XWLOLVH�V\VWHP�DFWLRQV�HYHQ�ZKHQ�WKH�V\VWHP�LV�QHZ�WR�WKHP�
DQG�ZHUH�DOVR�WR�D�ODUJH�GHJUHH�DEOH�WR�SUHGLFW�ZKDW�WKH�DFWLYH�VWHHULQJ�PD\�GR�DQG�H[SORLWHG�WKLV
EHKDYLRXU� VRPH�GULYHUV�ZRUNHG�ZLWK�WKH�$&&�$6 V\VWHP�ZLWKRXW�GLVHQJDJLQJ�LW� DOORZLQJ�WKH
V\VWHP�WR�FRQWLQXH�VWHHULQJ�ZKLOH�DFFHOHUDWLQJ�WKHPVHOYHV��3DSHU�,,���3UREOHPV�KDYH�SUHYLRXVO\
EHHQ� IRXQG�ZLWK�DXWRPDWLRQ� WKDW� DOORZV� WKH�RSHUDWRU� WR� IRFXV�RQ�SODQQLQJ�DQG� ORQJHU�WHUP
WDFWLFDO�GHFLVLRQV�UDWKHU�WKDQ�PDQXDO�UHVSRQVHV�DQG�VKRUW�WHUP�WDFWLFDO�GHFLVLRQV��(QGVOH\�DQG
.DEHU�������� :LWK�$&&��VXFK�UHPRYDO�IURP�PDQXDO�UHVSRQVHV�GRHV�QRW�RFFXU� DV�WKH�GULYHU�LV
VWLOO�UHVSRQVLEOH�IRU�VWHHULQJ� 0RVW�WDFWLFDO�SODQQLQJ�LV�VWLOO�WKH�UHVSRQVLELOLW\�RI �WKH�GULYHU�LQ�ERWK
WKH�VKRUW�WHUP�DQG�WKH�ORQJ�WHUP� :LWK�WKH�DGGLWLRQ�RI �DFWLYH�VWHHULQJ� DGGLWLRQDO�VKRUW�WHUP
GHFLVLRQV�RI �KRZ�WR�SRVLWLRQ�WKH�YHKLFOH�LQ�WKH�ODQH�DUH�GHOHJDWHG�WR�DXWRPDWLRQ� 6LQFH�GULYHUV
DSSHDU�WR�EH�UHOXFWDQW�WR�UHFODLP�FRQWURO�ZKHQ�DXWRPDWLRQ�KDQGOHV�WKLQJV�ZHOO�HQRXJK��6DDG

��
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DQG�9LOODPH��������)DQFKHU�HW DO��������� VXSSRUWHG�E\�3DSHU� ,,�� WKHUH�PD\�EH�FRQVHTXHQFHV
DOVR�DIIHFWLQJ�RWKHU�WDFWLFDO�EHKDYLRXU�VXFK�DV�RYHUWDNLQJ� $V�WKHUH�ZDV�QR�HIIHFW�RI �DXWRPDWHG
VWHHULQJ� LQ� WKH� ORQJLWXGLQDO� VFHQDULRV�FRPSDUHG� WR�$&& RQO\� SHUKDSV�WKH�PRQLWRULQJ�RI �WKH
V\VWHP·V�DFWLRQV�E\�LWVHOI �DFWHG�DV�D�EXIIHU�LQ�WKH�VFHQDULRV�VWXGLHG� 7KH�UHVXOWV�RQ�UHVSRQVH�WLPHV
ZHUH�DOVR�LQ�OLQH�ZLWK�SUHYLRXV�UHVHDUFK��6WDQWRQ�HW DO���������<RXQJ�DQG�6WDQWRQ�������� DV�GULYLQJ
ZLWK�$&&�$6 GLG�QRW�GLIIHU�IURP�GULYLQJ�ZLWK�$&&��3HUKDSV�WKH�UHVSRQVH�WR�D� ORQJLWXGLQDO
VFHQDULR� LV� HTXDOO\�TXLFN�ERWK�ZLWK� DQG�ZLWKRXW� ODWHUDO� FRQWURO� DQG�GHOHJDWLRQ�RI �WKH� ODWHUDO
DVSHFWV�ZLOO�EH�DSSDUHQW�LQ�WDFWLFDO�DQG�VWUDWHJLF�EHKDYLRXUV�RQO\� $QRWKHU�H[SODQDWLRQ�PLJKW�EH
WKDW�WKHUH�ZHUH�HQRXJK�FRQIOLFWV�DQG�WUDIILF�WR�DWWHQG�WR�IRU�WKH�GULYHU�WR�VWD\�´FRQQHFWHGµ�WR
GULYLQJ� WKXV�QRW�GHOHJDWLQJ�PRUH�PRQLWRULQJ�FRQWURO�

����� $ WDFWLFDO�RU�RSHUDWLRQDO�SHUVSHFWLYH�RQ�DXWRPDWLRQ

'ULYLQJ�LV�D�WLPH�FULWLFDO� VRPHZKDW�ULVN\� DQG�KLJKO\�YLVXDO�XQGHUWDNLQJ� $V�ORQJ�DV�WKH�GULYHU
GULYHV�LQVWHDG�RI �EHLQJ�DOORZHG�WR�DFW�DV�D�SDVVHQJHU� IHDU�WKDW�WKH�GULYHU�GRHV�QRW�UHVSRQG�WR
HYHQWV�PD\�EH� ODUJHO\�XQVXEVWDQWLDWHG� ,I �WKH�FXUUHQW�WUHQG�RI �GHOHJDWLQJ�FRQWLQXRXV�FRQWURO
WR�DXWRPDWLRQ�FRQWLQXHV� GHPDQGLQJ�WKDW�WKH�GULYHU�GULYHV�DFWLYHO\�WKH\�ZD\�VKH�ZRXOG�ZLWKRXW
DXWRPDWLRQ� WKH�ZKROH�WLPH� LV�VRPHZKDW�XQUHDVRQDEOH� $V�GHPRQVWUDWHG�LQ�3DSHU�,,��GULYHUV
PDNH�XVH�RI �DXWRPDWLRQ�IXQFWLRQDOLW\�DQG�LQFRUSRUDWH�LW�LQWR�WKHLU�GULYLQJ�GHFLVLRQV� (YHQ�LI �WKH
GULYHU�LV�SURYLGHG�ZLWK�LQIRUPDWLRQ�DERXW�ERUGHUOLQH�WUDIILF�FRQIOLFWV�DQG�LV�KHOSHG�LQ�GLDJQRVLQJ
WKHP� UHOLDEOH�V\VWHPV�ZLOO��DQG�KDYH� VHH�3DSHU�,,� FKDQJH�GULYHUV·�DWWHQWLRQDO�VWUDWHJLHV� 7KHVH
FKDQJHG�VWUDWHJLHV�VKRXOG�QRW�EH�VHHQ�DV�EHLQJ�LQWULQVLFDOO\�µEDGµ� EXW�UDWKHU�DV�DQ�DGDSWDWLRQ�WR
ZRUNLQJ�HIILFLHQWO\�ZLWK�IRU�H[DPSOH�$&&�

%HKDYLRXUDO�DGDSWDWLRQ�KDV�SUHYLRXVO\�EHHQ�GHILQHG�E\�DQ�2(&' H[SHUW�JURXS� �2(&'�
������DV�µWKRVH�EHKDYLRXUV�ZKLFK�PD\�RFFXU�IROORZLQJ�WKH�LQWURGXFWLRQ�RI �FKDQJHV�WR�WKH�URDG�
YHKLFOH�XVHU�V\VWHP�DQG�ZKLFK�ZHUH�QRW�LQWHQGHG�E\�WKH�LQLWLDWRUV�RI �WKH�FKDQJHµ� 7KLV�GHILQLWLRQ
LV�TXLWH�EURDG�DQG�UHTXLUHV�IXUWKHU�GHOLPLWDWLRQV�LI �RSHUDWLRQDOLVHG�LQ�VFLHQWLILF�VWXGLHV� 3UHYLRXV
UHVHDUFK� �H�J�� GH :DDUG� HW DO��� ������ 6HSSHOW� DQG�/HH�� ������)DQFKHU� HW DO��� ������KDYH�RIWHQ
IRFXVHG�XSRQ�IDLUO\�LVRODWHG�HIIHFWV�RQ�GULYHU�EHKDYLRXUV� OLNH�LPSURYLQJ�LQFUHDVHG�UHVSRQVH�WLPHV
ZLWK�DXWRPDWLRQ�DQG�SRLQWLQJ�RXW�ULVNV�ZLWK�WKH�GULYHU�HQJDJLQJ�LQ�PRUH�VHFRQGDU\�WDVNV�ZLWK
DXWRPDWLRQ�WKDQ�ZLWKRXW� 6WXGLHV�KDYH�DOVR�PHDVXUHG�EXW�QRW�JRQH�LQWR�WKH�UHDVRQV�EHKLQG�VSLOO�
RYHU�HIIHFWV�LQWR�VXE�WDVNV�OLNH�XVLQJ�GLUHFWLRQ�LQGLFDWRUV� D�WDVN�WKDW�KDV�QRW�\HW�EHHQ�DXWRPDWHG
�+MlOPGDKO�DQG�9iUKHO\L�������� 7KHVH�REVHUYDWLRQV�RI �SKHQRPHQD�GR�QRW�E\�WKHPVHOYHV�KROG
DQ\�H[SODQDWRU\�YDOXH� ,Q�RUGHU�WR�PDNH�VHQVH�RI �WKH�PHDVXUHV�PDGH� D�FRQQHFWLRQ�WR�WKHRU\
LV�QHHGHG� 6R�IDU� WKH�H[SODQDWLRQV�RIIHUHG��VXFK�DV�FKDQJHV�LQ�ZRUNORDG�VXJJHVWHG�E\�<RXQJ
DQG�6WDQWRQ������E��GR�QRW�SURYLGH� LQVLJKW� LQWR�KRZ� �RU�ZK\��GULYHUV�ZRUN�GLIIHUHQWO\�ZLWK
DXWRPDWLRQ�WKDQ�ZLWKRXW� 1HLWKHU�KDYH�WKH\�EHHQ�DEOH�WR�H[SODLQ�ZK\�FHUWDLQ�EHKDYLRXUV�DQG
IDFWRUV� EXW�QRW�RWKHUV� FKDQJH�ZLWK�WKH�XVH�RI �DXWRPDWLRQ��6DDG�DQG�(OVODQGH��������

&RQWLQXLQJ�ZLWK�D�QRUPDWLYH�YLHZ�RI �KRZ�FDUV�DQG�GULYHUV�µVKRXOGµ�EHKDYH�ZLWK�UHJDUG�WR
ODQH�SRVLWLRQLQJ�RU�UHVSRQVH�WLPHV�ZLWKRXW�NQRZOHGJH�RI �WKH�VXUURXQGLQJ�FLUFXPVWDQFHV�GRHV
QRW�PRYH�WKHRU\�RU�SUDFWLFH�IRUZDUG� :H�QHHG�WR�DVN�LI �LW�LV�SUDFWLFDO�WR�UHO\�RQ�WKH�GULYHU�WR
FRQWURO� V\VWHP�DFWLRQV� LQ�DOO�ERUGHUOLQH� WUDIILF� FRQIOLFWV� RU� LI � WKLV� LV�EH\RQG�ZKDW� LV�VHQVLEOH
WR�GR�ZLWK�D�FRPSHWHQW�V\VWHP� ,I �D�V\VWHP�LV�GHVLJQHG�WR�DOORZ�WKH�GULYHU�WR�DWWHQG�WR�RWKHU
WKLQJV� SHUKDSV�WKH�GULYHU�VKRXOG�QRW�DOVR�EH�UHTXLUHG�WR�DWWHQG�WR�DOO�SRVVLEOH�WUDIILF�FRQIOLFWV"
8VLQJ�PDQXDO�GULYLQJ�DV�VRPHWKLQJ�WR�VWULYH�IRU�FRXOG�DOPRVW�EH�FRPSDUHG�WR�FRXQWLQJ�HUURUV
��RQO\�UHYHDOLQJ�GLIIHUHQFHV�WKDW�DUH�´ZURQJµ� QRW�MXVW�GLIIHUHQW��IRU�IXUWKHU�GLVFXVVLRQV�RQ�WKH
SRLQWOHVVQHVV�RI �FRXQWLQJ�HUURUV� VHH�H�J� 'HNNHU��������������

��



/DUVVRQ���$XWRPDWLRQ�DQG�WKH�QDWXUH�RI �GULYLQJ

)RFXVLQJ�RQ�SHUIRUPDQFH�WKURXJK�RSHUDWLRQDO�PHDVXUHV�VXFK�DV�UHVSRQVH�WLPHV��0HUDW�DQG
-DPVRQ�������� WLPH�KHDGZD\��'UDJXWLQRYLF�DQG�%URRNKXLV�������� JD]H��9LFWRU�HW DO��������� RU
DQ\�QXPEHU�RI �WKLQJV� PHDQV�QRW�DSSURDFKLQJ�GULYLQJ�ZLWK�DXWRPDWLRQ�DV�WKH�VLWXDWHG�WDVN�LW
LV��VHH�&KDSWHU���� $ VWUDWHJ\�IRFXVHG�RQ�RSHUDWLRQDO�WDVNV�KDV�OHDG�WR�D�IRFXV�RQ�LPSURYLQJ
TXLWH�D�OLPLWHG�UDQJH�RI �EHKDYLRXUV�LQVWHDG�RI �JDLQLQJ�DQ�XQGHUVWDQGLQJ�RI �KRZ�GULYHUV�ZRUN
ZLWK�QHZ�V\VWHPV� ZKDW�FKDQJHV�DUH�EURXJKW�E\�DXWRPDWLRQ� DQG�ZKDW�VXSSRUW�PLJKW�EH�QHHGHG
WR�LPSURYH�WKDW� 2I �FRXUVH� HYHU\WKLQJ�FDQQRW�EH�VWXGLHG� DQG�D�VWDUW�PXVW�EH�PDGH�VRPHZKHUH�
+RZHYHU� LI �DQ�DWWHPSW�LV�PDGH�WR�XQGHUVWDQG�ZK\�EHKDYLRXUDO�FKDQJHV�WUDQVSLUH� WKH�XQGHUO\LQJ
SURFHVVHV�DUH�QRW�QHFHVVDULO\�SRVVLEOH�WR�REWDLQ�E\�WDNLQJ�DQ�RSHUDWLRQDO�OHYHO�VWDQGSRLQW� ,QGHHG�
PHDVXUHV�OLNH�UHVSRQVH�WLPH�KDYH�QRW�EHHQ�XVHG�IRU�FRPSDULQJ�FDU�GULYLQJ�WR�KRUVH�ULGLQJ��WR
WKLV�DXWKRU·V�NQRZOHGJH�� GHVSLWH�VXJJHVWLRQV�RI �PRGHOOLQJ�V\VWHP�FRRSHUDWLRQ�RQ�LQWHUDFWLRQ
ZLWK�KRUVHV��1RUPDQ��������.LHQOH�HW DO��������� 7KDW�GULYHU�UHVSRQVH�WLPHV�ZLWK�$&& LQ�)27
GDWD��3DSHU�,9� DUH�GLIIHUHQW�WKDQ�LQ�VLPXODWRU�VWXGLHV��3DSHU�,,,� IRU�WKH�VDPH�W\SH�RI �HYHQW� DOVR
GHPRQVWUDWH�WKDW�D�ZLGHU�SHUVSHFWLYH�LV�QHHGHG�

%\�ILUVW�WDNLQJ�D�PRUH�TXDOLWDWLYH�DSSURDFK�DQG�GHVFULELQJ�FKDQJHV�LQ�WDFWLFDO�EHKDYLRXU��DV
GHPRQVWUDWHG�LQ�3DSHU�,,� EHIRUH�GHFLGLQJ�RQ�RSHUDWLRQDO��RU�WDFWLFDO��PHDVXUHV� D�PRUH�DFFXUDWH
GHVFULSWLRQ�RI �WKH�FKDQJHV�EURXJKW�RQ�E\�DXWRPDWLRQ�FDQ�EH�IRUPXODWHG� ,W�ZLOO�QRW�EH�FOHDU�ZKDW
VLWXDWLRQV�GULYHUV�HQG�XS�ZLWK�ZKLOH�XVLQJ�GULYLQJ�DXWRPDWLRQ�XQWLO�DQ�DQDO\VLV�RI �WDFWLFDO�GULYLQJ
EHKDYLRXU� LV�HPSOR\HG� &KDQJHV� LQ� WKH�GULYHU·V� WDFWLFDO�EHKDYLRXUV�PD\� WKHUHE\�DOVR�SURYLGH
LQVLJKW�LQWR�ZK\�RSHUDWLRQDO�OHYHO�DFWLRQV�DUH�FKDQJHG� DV�LQGLFDWHG�E\�WKH�GLVSDULW\�LQ�WKH�UHVXOWV
EHWZHHQ�3DSHU�,9 DQG�3DSHU�,,,�

)HZ�VWXGLHV�EHIRUH�WKH�FXUUHQW�VLPXODWRU�VWXG\��6WXG\�,,� KDYH�IRFXVHG�RQ�FKDQJHV�LQ�WDFWLFDO
GULYHU�EHKDYLRXU��9ROOUDWK�HW DO���������+MlOPGDKO�DQG�9iUKHO\L��������6DDG�DQG�9LOODPH�������
KDYH� EXW�RQO\�WR�D�VPDOO�H[WHQW�� <HW� FKDUDFWHULVLQJ�WKH�TXDOLWDWLYH�GLIIHUHQFHV�IRU�WKH�GULYHU�EH�
WZHHQ�PDQXDO�DQG�DXWRPDWLRQ�VXSSRUWHG�GULYHV�LV�RI �LPSRUWDQFH�WR�XQGHUVWDQG�PRUH�DERXW�WKH
HIIHFWV�RI �DXWRPDWLRQ�RQ�GULYLQJ� 7KHUH�LV�D�ODFN�RI �NQRZOHGJH�RI �KRZ�V\VWHPV�DUH�DFWXDOO\�EHLQJ
XVHG�DQG�H[SHULHQFHG� DQG�ZKDW�WKHUHE\�PD\�EH�WKH�PRVW�LQWHUHVWLQJ�RSHUDWLRQDO�EHKDYLRXUV�WR
PHDVXUH�LQ�VLPXODWRU�VWXGLHV� $V�UHVHDUFK�KDV� WR�D�ODUJH�H[WHQW� IRFXVHG�XSRQ�GULYHU�UHVSRQVHV
WR�V\VWHP�IDLOXUH�RU�DFXWH�KD]DUGV�WKDW�RFFXU�YHU\�UDUHO\��H�J��6WDQWRQ�DQG�<RXQJ��������)OHPLVFK
HW DO��������� GULYHU�UHVSRQVHV�DQG�EHKDYLRXUV�LQ�PRUH�FRPPRQ�VLWXDWLRQV�KDYH�DOVR�EHHQ�ODUJHO\
XQNQRZQ� ,W�FRXOG�HYHQ�EH�WKH�FDVH�WKDW�DXWRPDWLRQ�KDV�DQ�DGYHUVH�HIIHFW�RQ�WKH�GULYHU·V�DELOLW\
WR�UHVSRQG�WR�KLJKO\�XQXVXDO�DQG�YHU\�VHULRXV�WUDIILF�FRQIOLFWV� EXW�D�SRVLWLYH�HIIHFW�RQ�PRUH
FRPPRQ�WUDIILF�FRQIOLFWV� 7KLV�LV� ODUJHO\� XQGHWHUPLQHG� 0DNLQJ�DQ�HIIRUW�WR�VWXG\�WKH�FKDQJHV
LQ�WDFWLFDO�EHKDYLRXUV� D�PRUH�LQIRUPHG�FRQFOXVLRQ�FDQ�EH�PDGH�DERXW�WKH�VDIHW\�RI �V\VWHPV�VXFK
DV�$&&�

��
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��� )XUWKHU�UHVHDUFK

$GDSWLYH�FUXLVH�FRQWURO�LV�RQH�RI �WKH�PRUH�DGYDQFHG�V\VWHPV�DYDLODEOH�RQ�WKH�PDUNHW�WRGD\� EXW
KHUH�DUH�RI �FRXUVH�DOVR�DXWRQRPRXV�DQG�GULYHUOHVV�FDUV� ZKHUH� WKHUH�GULYHU� LV� LQWHQGHG�WR�EH
UHGXQGDQW� 'HVSLWH�WKLV� GULYHUV�FDQ�VWLOO�UHVXPH�FRQWURO�RYHU�GULYHUOHVV�FDUV� SRVVLEO\�WR�FRPSO\
ZLWK�WKH�9LHQQD�FRQYHQWLRQ��������ZKLFK�VWDWHV�WKDW�GULYHUV�VKRXOG�DOZD\V�EH�LQ�FRQWURO� 7KXV�
WKH�TXHVWLRQV�UDLVHG� LQ� WKLV� WKHVLV�RI � WUDQVIHUULQJ�FRQWURO� LV� LPSRUWDQW�DOVR� LQ�´DXWRQRPRXVµ
YHKLFOHV� $V� WKH�GULYLQJ�DXWRPDWLRQ�DYDLODEOH� WRGD\�RSHUDWHV� LQ�D�KXPDQ·V�ZRUOG� LW�QHHGV� WR
DOORZ�LWV�XVHU�WR�LGHQWLI\�DQG�PDQDJH�VLWXDWLRQV�LW�FDQQRW�KDQGOH� 6RPH�VXJJHVWLRQV�IRU�IXUWKHU
UHVHDUFK�KDYH�DOUHDG\�EHHQ�PHQWLRQHG�LQ�WKH�GLVFXVVLRQ� EXW�WZR�PDLQ�UHVHDUFK�WUDFNV�DUH�KHUH
H[SORUHG�IXUWKHU� GULYHU�DWWHQWLRQ�DQG�UHVSRQVHV�ZLWK�DXWRPDWLRQ� DQG�OHDUQLQJ�SURFHVVHV�

6WXG\LQJ� WKH� WKH�GLIIHUHQFHV� IRXQG�EHWZHHQ�QRYLFH�DQG�H[SHULHQFHG�XVHUV�RI �$&& IURP
WKH�DQJOH�RI �GULYHU�DWWHQWLRQ�ZLWK�DXWRPDWLRQ�ZRXOG�EH�LQWHUHVWLQJ� )DUUHOO�DQG�/HZDQGRZVN\
�������SURSRVHG�WKDW�RSHUDWRUV�OHDUQ�QRW�WR�UHVSRQG�ZKHQ�XVLQJ�DXWRPDWLRQ� ZKLFK�GRHV�QRW
PDWFK� WKH�TXLFNHU� UHVSRQVH�E\�H[SHULHQFHG�$&& XVHUV� IRXQG� LQ�3DSHU� ,,,��+RZHYHU� )DUUHOO
DQG�/HZDQGRZVN\�DOVR�GHVFULEH�WKDW� LQ�D�VKRUW�WULDO� LQWHUPLWWHQWO\�UHFODLPLQJ�FRQWURO�LPSURYHV
UHFRYHU\�VSHHG� 'ULYHUV�ZLWK�PRUH�H[SHULHQFH�RI �$&& KDYH�UHFODLPHG�FRQWURO�PRUH�RIWHQ�IURP
WKH�V\VWHP� EXW�RYHU�D�ORQJ�WLPH�SHULRG� ,I �D�VKRUWHU�WULDO�RI �IUHTXHQWO\�UHFODLPLQJ�FRQWURO�IURP
DXWRPDWLRQ�ZRXOG�HOLFLW�WKH�VDPH�LPSURYHPHQW�LQ�UHVSRQVH�WLPH�IRU�QHZ�XVHUV� QRW�FRPSOHWHO\
OHWWLQJ�JR�RI �FRQWURO�E\�SUDFWLFLQJ�WR�UHWXUQ�WR�FRQWURO�PD\�EH�DQ�DSSURSULDWH�ZD\�RI �GHVFULELQJ
KRZ�GULYHUV�OHDUQ�WR�XVH�$&& DQG�RWKHU�V\VWHPV� ,W�FRXOG� KRZHYHU� DOVR�EH�FRQFHLYHG�WKDW�GULYHUV
DUH�EHLQJ�RYHUO\�FDXWLRXV� WKXV� UHVSRQGLQJ�PRUH�TXLFNO\� EXW� WKLV�GLIIHUHQFH�PD\�EH�SRVVLEOH
WR�GLVFHUQ�E\�LQWHUYLHZV� $QRWKHU�SRWHQWLDO�H[SODQDWLRQ�UHTXLULQJ�IXUWKHU�VWXG\�ZRXOG�EH�WKDW
GULYHUV�RQO\� OHDUQ� WR�DYRLG� UHVSRQGLQJ� LQ� VLWXDWLRQV� WKH\�NQRZ� WKH� V\VWHP�VKRXOG�EH�DEOH� WR
KDQGOH� 7KHUHIRUH� LI �VRPHWKLQJ�WUXO\�XQH[SHFWHG�KDSSHQV� VXFK�DV�V\VWHP�IDLOXUH�LQ�D�VLWXDWLRQ
WKH�V\VWHP�QRUPDOO\�DOZD\V�KDQGOHV� GULYHUV�DUH�VORZHU�DV�WKH\�DUH�ZDLWLQJ�IRU�D�UHVSRQVH�WKDW
VKRXOG�FRPH� ,I �LQVWHDG�WKH�VLWXDWLRQ�LV�D�ERUGHUOLQH�WUDIILF�FRQIOLFW�RU�FOHDUO\�RXW�RI �ERXQGV�
GULYHUV�PD\�EH�IDVWHU�WR�UHVSRQG�DV�WKH\�DUH�DZDUH�WKDW�WKH\�PD\�QHHG�WR�UHFODLP�FRQWURO� ,W
ZRXOG�WKHUHIRUH�DOVR�EH�XVHIXO�WR�GHWHUPLQH�KRZ�GULYHUV�MXGJH�HYHQWV�WR�EH�ZLWKLQ�RU�RXWVLGH
$&& FDSDELOLWLHV� LI �WKH\�GR� VR�WKDW�WKHVH�DVSHFWV�DUH�QRW�PLVVHG�LQ�VLPXODWRU�VWXGLHV�

)URP�WKH�UHVXOWV�IRXQG�LQ�WKLV�WKHVLV� XQGHUVWDQGLQJ�WKH�V\VWHP·V�EHKDYLRXUV�DQG�UHVSRQVHV
DSSHDU�WR�EH�RI �KLJK�LPSRUWDQFH� 7KHUHIRUH� D�IROORZ�XS�VWXG\�LQYHVWLJDWLQJ�GULYHUV·�OHDUQLQJ�SUR�
FHVVHV�DQG�WKHLU�HIIHFWV�RQ�WDFWLFDO�GULYLQJ�GHFLVLRQV�ZKHQ�FROODERUDWLQJ�ZLWK�WKH�V\VWHP�ZRXOG
EH�RI �XVH� 6XFK�D�IROORZ�XS�ZRXOG�EHVW�EH�FRQGXFWHG�DV�D�FRPELQDWLRQ�RI �LQWHUYLHZV� GLDULHV
DQG�REVHUYDWLRQ�RI �FRPSOHWH�QRYLFHV�ZLWK�WKH�V\VWHP� ,I �SDUWLFLSDQWV�DUH�JURXSHG�E\�KRZ�PXFK
WKH\�GULYH�SHU�PRQWK� LW�FRXOG�EH�UHYHDOHG�ZKHWKHU�WKH�GLVWDQFH�GULYHQ�LV�PRUH�LPSRUWDQW�WKDQ
RWKHU�IDFWRUV� VXFK�DV�UDQJH�RI �HYHQWV�HQFRXQWHUHG� ZKHQ�OHDUQLQJ�WR�XVH�WKH�V\VWHP� ,W�ZRXOG
EH�RI �JUHDW�LQWHUHVW�WR�NQRZ�KRZ�PXFK�RI �WKH�VWUDWHJLHV�DUH�GHSHQGHQW�RQ�OHDUQLQJ�WR�UHVSRQG
WR�V\VWHP�DFWLRQV��UHDFWLYH�� DQG�KRZ�PXFK�GHSHQG�RQ�OHDUQLQJ�ZKDW�VLWXDWLRQV�WKH�V\VWHP�FDQ
DQG�FDQQRW�KDQGOH��SURDFWLYH�� 7KH�FRPELQDWLRQ�RI �PHWKRGV�ZRXOG�DOVR�DOORZ�IRU�DQ�XQGHU�
VWDQGLQJ�RI �WKH�OHDUQLQJ�SURFHVV�DQG�GHFLVLRQV�PDGH�E\�ERWK�ZKDW�LV�GHHPHG�LPSRUWDQW�HQRXJK
IRU�GULYHUV�WR�ZULWH�GRZQ�DQG�KRZ�GULYHUV�EHOLHYH�WKH\�OHDUQ�V\VWHP�EHKDYLRXU� +RZ�PXFK�H[�
SHULHQFH�LV�QHFHVVDU\�WR�OHDUQ�XVHIXO�VWUDWHJLHV�WR�EHQHILW�PD[LPDOO\�IURP�WKH�V\VWHPV�DQG�DYRLG
VLWXDWLRQV�H[FHHGLQJ�V\VWHP�OLPLWDWLRQV�LV�DOVR�LPSRUWDQW�LVVXH� DV�ZHOO�DV�ZKDW�PD\�FDXVH�GULYHUV
WR�EHFRPH�RYHUO\�FRQVHUYDWLYH� $Q�REVHUYDWLRQ�RI �GULYHU�VWUDWHJLHV�WR�YDOLGDWH�GULYHU�VWDWHPHQWV
ZRXOG�UHTXLUH�VRPH�PHWKRG�GHYHORSPHQW� EXW�ILWWLQJ�WKHLU�YHKLFOHV�ZLWK�VHQVRUV�DQG�FDPHUDV�OLNH
LQ�D�)27 ZRXOG�EH�SUHIHUDEOH� 6XFK�DQ�LQVWUXPHQWHG�FDU�VWXG\�ZRXOG�UHTXLUH�D�ODUJHU�HOHPHQW

��



/DUVVRQ���$XWRPDWLRQ�DQG�WKH�QDWXUH�RI �GULYLQJ

RI �FRQWURO� WR�DVFHUWDLQ�IRU�H[DPSOH�ZKHUH�DQG�ZKHQ�GULYHUV�GHFLGH�WR�DFWLYDWH�RU�QRW�DFWLYDWH
$&&��'ULYHUV�FRXOG�EH�UHTXHVWHG�WR�GULYH�D�VSHFLILF�VWUHWFK�RI �URDG�ZLWK�VRPH�UHJXODULW\� DQG�D
FRPELQDWLRQ�RI �LQIUDVWUXFWXUH�DQG�LQ�YHKLFOH�VHQVRUV�DQG�FDPHUDV�FRXOG�EH�XVHG�WR�VWXG\�GULYHU
EHKDYLRXU� 7KH�SURSHQVLW\�IRU�GULYHUV�WR�EHKDYH�LQ�SRWHQWLDOO\�ULVN\�ZD\V�ZLWK�RU�ZLWKRXW�DX�
WRPDWLRQ�FRXOG�DOVR�EH�VWXGLHG�WKLV�ZD\� DV�DFWXDO�LQYROYHPHQW�LQ�PRUH�VHULRXV�WUDIILF�FRQIOLFWV
DUH�UDUH�

����� ,PSURYLQJ�$&& DQG�RWKHU�GULYLQJ�DXWRPDWLRQ

$V�SUHYLRXVO\�PHQWLRQHG� �VHH� 6HFWLRQ ����� RQ�SDJH ���� RQH�OLPLWDWLRQ�RI �$&& DQG� VLPLODU
V\VWHPV� LV� WKDW� WKH\�FDQQRW� OHDUQ�DERXW� WKH�GULYHU·V�SUHIHUHQFHV� &RPPXQLFDWLRQ� LV�QRW�RQO\
QHHGHG�WR�XQGHUVWDQG�ZKDW�WKH�V\VWHP�LV�GRLQJ� EXW�LW�LV�WKH�QDWXUDO�ZD\�IRU�KXPDQV�WR�NQRZ
ZKDW�LV�EHLQJ�GHOHJDWHG�DQG�LI �LW�PLJKW�QHHG�DGMXVWPHQW��)DOFRQH�DQG�&DVWHOIUDQFKL�������� ,Q
WKH�FDVH�RI �GULYHU�DVVLVWDQFH�V\VWHPV� VXFK�FRPPXQLFDWLRQ�LV�RQO\�PDGH�IURP�V\VWHP�WR�GULYHU�
QHYHU�WKH�RWKHU�ZD\�DURXQG� 7KH�HIIHFWV�RI �WKLV�ODFN�RI �UHFLSURFLW\�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW
ZKHQ�GHVLJQLQJ�QHZ�$'$6��,I �WKH�GULYHU�ZRXOG�SUHIHU�WKH�V\VWHP�WR�DYRLG�GRLQJ�VRPHWKLQJ� WKLV
DWWLWXGH�FDQQRW�EH�OHDUQHG�E\�WKH�V\VWHP� ,QVWHDG� WKH�GULYHU�LV�DOZD\V�IRUFHG�WR�GHDFWLYDWH�DQG
UHFODLP�PDQXDO�FRQWURO� 'ULYHUV� KRZHYHU� EHFRPH�UHOXFWDQW�WR�GR�VR�ZKHQ�XVLQJ�DXWRPDWLRQ�
RIWHQ�SUHIHUULQJ�WR�NHHS�DXWRPDWLRQ�LQ�FRQWURO�XQWLO�WKH�VLWXDWLRQ�GHYHORSV�VR�WKDW�WKLV�VWUDWHJ\
LV�SURYHQ�WR�EH�XQVXFFHVVIXO��3DSHU�,,��

6RPH�GULYHUV�DYRLG�XVLQJ�$&& DV�WKH\�FODLP�LW�GRHV�QRW�VXLW� WKHLU�GULYLQJ�VW\OH��3DSHU�,��
$FFHOHUDWLRQ�EHKDYLRXU��DV�ZHOO�DV�GHFHOHUDWLRQ�EHKDYLRXU��LV�D�FRPIRUW�IDFWRU�ZLWK�$&&��DQG
PD\�EH�SRVVLEOH�IRU�WKH�V\VWHP�WR�OHDUQ�DW�OHDVW�FRQFHUQLQJ�HQYLURQPHQWDO�IDFWRUV�VXFK�DV�URDG
SLWFK��JRLQJ�XS�RU�GRZQ�KLOOV�� /HDUQLQJ�KRZ�WR�UHVSRQG�WR�WKH�GULYHU·V�SUHIHUHQFHV�LQ�VLWXDWLRQV
PRUH�GHSHQGHQW�RQ�WKH�EHKDYLRXU�RI �RWKHUV�PD\�EH�PRUH�GLIILFXOW� EXW�SHUKDSV�VRPH�JHQHUDO
WUHQGV�FDQ�EH�LGHQWLILHG�DQG�LPLWDWHG�

7KH�GULYHU�PD\�DOVR�XVH�WKH�V\VWHP�OHVV�WKDQ�WR�LWV�IXOO�SRWHQWLDO�E\�DFWLQJ�PRUH�FRQVHUYDWLYHO\
WKDQ�QHFHVVDU\��3DSHU�,,���,PSURYLQJ�WKH�GULYHU·V�DELOLW\�WR�XQGHUVWDQG�ZKDW�WKH�V\VWHP�LV�GRLQJ
ZRXOG�EH�RQH�ZD\�WR�SURYLGH�D�PRUH�DFFXUDWH�XQGHUVWDQGLQJ�RI �V\VWHP�FDSDELOLWLHV��1RUPDQ�
������ IRU�H[DPSOH�E\�FRPPXQLFDWLQJ�LI �WKH�V\VWHP�PD\�EH�DSSURDFKLQJ�LWV�PD[LPXP�EUDNLQJ
IRUFH� 0RUH�XQGHUVWDQGLQJ�RI �WKH�VLWXDWLRQV�ZKHUH�QRW�RQO\�QRYLFH�XVHUV�EXW�DOVR�H[SHULHQFHG
XVHUV�PD\�DFW�RYHUO\�FDXWLRXV�LV�WKHUHIRUH�QHFHVVDU\�

��



$QG�WKHQ�WKH�ZRUOG�LV�\RXU�PROOXVF�

��7HUU\�3UDWFKHWW��0HQ�DW�$UPV�

� &RQFOXVLRQV

7KH�DLP�RI �WKLV�WKHVLV�ZDV�WR�VWXG\�WKH�HIIHFWV�RI �ORQJLWXGLQDO�DXWRPDWLRQ�ZKHQ�KDQGOLQJ
FRPPRQO\�RFFXUULQJ�VLWXDWLRQV�WKDW�PD\�UHTXLUH�WKH�GULYHU�WR�UHFODLP�PDQXDO�FRQWURO� 'XULQJ
WKH�FRXUVH�RI �WKH�SURMHFW� LW�EHFDPH�DSSDUHQW�WKDW�GULYHUV�FRQVLGHU�V\VWHP�EHKDYLRXU�LQ�D�QXPEHU
RI �GLIIHUHQW�ZD\V�ZKHQ�GULYLQJ��VHH�3DSHU�, DQG�3DSHU�,,����+RZHYHU� LQ�WKH�PDMRULW\�RI �VWXGLHV
ZKHUH�WKH�IRFXV�KDV�EHHQ�RQ�WKH�GULYHU�UHFODLPLQJ�FRQWURO� V\VWHP�IDLOXUHV�KDYH�SURYLGHG�WKH
FRQWH[W� <HW� V\VWHP�IDLOXUHV�FRQVWLWXWH�EXW�RQH�UHDVRQ�IRU�WUDQVIHU�RI �PDQXDO�FRQWURO�WR�WKH
GULYHU��3DSHU�,��6HFWLRQ�������� ,Q�WKLV�WKHVLV� WKHUH�KDYH�EHHQ�VHYHUDO�PHQWLRQV�RI �ERUGHUOLQH
WUDIILF� FRQIOLFWV� �VWXGLHG� IRU�3DSHU� ,, DQG�3DSHU� ,,,��PDLQO\�� VLWXDWLRQV�ZKHUH� LW� LV� QRW� TXLWH
FOHDU�LI �WKH�GULYHU�QHHGV�WR�UHFODLP�FRQWURO�RU�QRW� 6RPH�RI �WKH�UHDVRQV�EHKLQG�WKHVH�VLWXDWLRQV
DUH�OLVWHG�LQ�WKH�´5HDFWLRQµ�PRGXOH�RI �)LJXUH����� 5HDFWLRQV�DUH�QRW� WKH�RQO\�ZD\V� LQ�ZKLFK
GULYHUV�ZRUN�ZLWK�$&&��WKRXJK� $V�FRXOG�EH�VHHQ�LQ�WKH�UHVXOWV�IURP�3DSHU�,,��WKH�GULYHU�FDQ
DOVR�SURDFWLYHO\�GHFLGH�XVH�WKH�V\VWHP�IRU�WKHLU�EHQHILW� RU�UHFODLP�FRQWURO�EHIRUH�WKH�V\VWHP
DFWV� 'ULYHUV�QRW�RQO\�UHVSRQG�WR�V\VWHP�EHKDYLRXU� LQ�D� OLPLWHG�WLPH�IUDPH� EXW�DOVR�H[SORLW
WKH�V\VWHP�DQG�PD\�IDOO�LQWR�D�KDELW�RI �XVLQJ�LW�D�FHUWDLQ�ZD\��DJDLQ� VHH�)LJXUH������ )RFXVLQJ
RQ�V\VWHP�EUHDNGRZQV�WKHUHIRUH�PLVVHV�PXFK�PRUH�FRPPRQ�VLWXDWLRQV�ZKHUH�V\VWHP�EHKDYLRXU
LQIOXHQFHG�GULYLQJ� VLWXDWLRQV�ZKHUH�WKH�GULYHU·V�UHVSRQVH�DQG�DOVR�SURDFWLYH�EHKDYLRXU�LV�SHUKDSV
RI �KLJKHU�LPSRUWDQFH� 7KHVH�RWKHU�VLWXDWLRQV�EHLQJ�MXVW�WKDW� FRPPRQO\�RFFXUULQJ� VXJJHVWV�WKDW
WKH\�SRWHQWLDOO\�KDYH�D�ODUJHU�LPSDFW�RQ�GULYHU�EHKDYLRXU�WKDQ�WKH�UDUH�V\VWHP�EUHDNGRZQV�

7KH�SURDFWLYH�IDFWRUV�SUREDEO\�FRQWULEXWH�WR�GULYHU�EHKDYLRXU�LQ�ZD\V�WKDW�LQ�WXUQ�FDQ�DIIHFW
IDFWRUV�VXFK�DV�7+: RU�ODQH�SRVLWLRQLQJ� WKXV�H[SODLQLQJ�WKH�EHKDYLRXUDO�PRGLILFDWLRQV�IRXQG
LQ�SUHYLRXV�VWXGLHV��6DDG�������� 7KHUHIRUH� SURDFWLYH�EHKDYLRXU�DOVR�QHHGV�WR�EH�VWXGLHG�VR�WKDW
D�JHQHUDOLVDWLRQ�LV�QRW�PDGH�IURP�D�VDPSOH�RI �YDULDEOHV�WKDW�GR�QRW�IXOO\�UHIOHFW�V\VWHP�XVDJH�

� 7KLV�GRHV�QRW�LQFOXGH�VLWXDWLRQV�ZKHUH�WKH�GULYHU�PLJKW�VWUXJJOH�WR�UHFODLP�FRQWURO�GXH�WR�FRQIOLFWLQJ�DFWLRQV�EHWZHHQ
WKH�DXWRPDWLRQ�DQG�WKH�RSHUDWRU� DV�WKH�RSHUDWRU�VR�IDU�DOZD\V�KDV�D�YHWR�RYHU�GULYLQJ�DXWRPDWLRQ�
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D
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on traffic conflict situations

E
xploit system

-
Include system

 
actions in response

-
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style

-
H
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usage

Planning

-
R

e-plan route to 
avoid certain roads

-
Plan driving to 
avoid situations

Strategic / Tactical 
O

perational / Tactical
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� &21&/86,216

7R�LPSURYH�WKH�GULYHU·V�SURVSHFWV�RI �PDQDJLQJ�WKH�OLPLWDWLRQV�RI �GULYLQJ�DXWRPDWLRQ� VWXGLHV
QHHG�WR�EH�SHUIRUPHG�RQ�D�ZLGHU�UDQJH�RI �KDQG�RYHU�VLWXDWLRQV�WKDQ�PHUHO\�V\VWHP�EUHDNGRZQV
RU�KLJKO\�FULWLFDO�WUDIILF�FRQIOLFWV� 1RW�RQO\�GR�GULYHUV�UHVXPH�FRQWURO�IURP�WKH�$&&��EXW�WKH\
DOVR�GHOHJDWH�FRQWURO�WR�WKH�V\VWHP� )URP�WKH�VLPXODWRU�VWXG\��3DSHU�,,���LW�LV�DSSDUHQW�KRZ�WKH
FKRLFH�RI �VFHQDULRV�DIIHFWV�ZKDW�UHVSRQVHV�DQG�VWUDWHJLHV�FDQ�EH�GLVFHUQHG� , WKHUHIRUH�HQFRXUDJH
XVLQJ�D�EURDG�VSHFWUXP�RI �VFHQDULRV� VR�WKDW�D�ZLGHU�UDQJH�RI �GULYHU�EHKDYLRXUV�FDQ�EH�VWXGLHG�
:KDW�FRQVWLWXWHV�D�EURDGHU�VSHFWUXP�LV�QRW�\HW�FOHDU� EXW�DV�D�EHJLQQLQJ� WKH�VFHQDULRV�VKRXOG
SUHVXPDEO\�QRW�DOO�IDOO�LQWR�WKH�VDPH�FDWHJRU\�LQ�)LJXUH�����

��� )LQDO�UHPDUNV

7KH�SHUVSHFWLYH�WDNHQ�LQ�WKLV�WKHVLV� WKDW�DXWRPDWLRQ�LV�WR�VRPH�GHJUHH�XVHG�DV�DQ�LQGHSHQGHQW
DFWRU�WR�GHOHJDWH�WDVNV�WR� KDV�KRSHIXOO\�LQVSLUHG�D�QHZ�ZD\�RI �WKLQNLQJ�DERXW�GULYLQJ�ZLWK�DX�
WRPDWLRQ�

6WXG\LQJ�WKH�HIIHFWV�RI �FKDQJH�LQ�D�FRPSOH[�V\VWHP�VXFK�DV�WKH�DGYHQW�RI �SDUWO\�DXWRPDWHG
YHKLFOHV�LQ�WUDIILF�LV�E\�QR�PHDQV�DQ�HDV\�IHDW� ,W�FDQ�EH�GRQH�IURP�D�YDULHW\�RI �GLIIHUHQW�SHUVSHF�
WLYHV� DW�GLIIHUHQW�OHYHOV� DOO�GHVFULELQJ�SDUW�RI �WKH�FKDQJH� $XWRPDWLRQ�LV�GHVLJQHG�WR�IDFLOLWDWH
GULYLQJ� DQG�GULYHU�H[SORLWDWLRQ�RI �V\VWHP�DFWLRQV�VKRXOG�QRW�EH�XQGXO\�FRPSOLFDWHG�RU�FULWL�
FLVHG� 5DWKHU� DXWRPDWLRQ�QHHGV�WR�EH�VWXGLHG�ZLWK�DQ�RSHQ�PLQG�WR�OHDUQ�KRZ�GULYHUV�PDNH
XVH�RI �WKHVH�V\VWHPV� DQG�ZKHUH�SUREOHPV�LQ�GRLQJ�VR�PD\�DULVH� :KDW�LV�VHHQ�DV�WKH�QDWXUH�RI
GULYLQJ�QHHGV�WR�EH�UHFRQFHSWXDOLVHG�ZKHQ�VWXG\LQJ�WKH�VDIHW\�RI �FRQWLQXRXV�GULYLQJ�DVVLVWDQFH
V\VWHPV�VXFK�DV�$&&��DORQJ�ZLWK�ZKDW�LV�XVHG�DV�EDVHOLQH� 7KH�SULRULW\�JLYHQ�WR�PHDVXUHV�RI
RSHUDWLRQDO�GULYHU�EHKDYLRXU� ZLWKRXW�VXIILFLHQW�NQRZOHGJH�RI �KRZ�GULYLQJ�ZLWK�DXWRPDWLRQ�LV
TXDOLWDWLYHO\�GLIIHUHQW�IURP�GULYLQJ�ZLWKRXW�LW� PHDQV�WKH�PHDVXUHV�WDNHQ�PLJKW�EH�LQWHUSUHWHG
LQFRUUHFWO\� $ FKDQJH�LQ�77& RU�7+: PD\�EH�OHVV�VLJQLILFDQW�WKDQ�D�FKDQJH�LQ�PRUH�FRPSRVLWH
EHKDYLRXUV� DV�GULYHUV�XVH�WKH�FDU�GLIIHUHQWO\�RQ�D�WDFWLFDO�OHYHO�ZLWK�WKH�V\VWHP�WKDQ�ZLWKRXW�

'ULYLQJ�ZLWK�DXWRPDWLRQ�FDQ�EH�VRPHWKLQJ�QHZ� VRPHWKLQJ�DOORZLQJ�GULYHUV�WR�DFKLHYH�DQG
DWWHQG�WR�RWKHU�WKLQJV�WKDQ�WRGD\���PXFK�DV�GULYLQJ�D�FDU�DOORZV�WKH�GULYHU�WR�DFKLHYH�DQG�DWWHQG
WR�RWKHU� WKLQJV�WKDQ�D�KRUVH�DQG�FDUW�GRHV� 3XUHO\�TXDQWLWDWLYH�PHDVXUHV�RI �EHKDYLRXUV�VXFK
DV�ODQH�SRVLWLRQLQJ�RU�UHVSRQVH�WLPH�GR�QRW�LOOXPLQDWH�KRZ�RU�KRZ�ZHOO�D�GULYHU�DQG�D�V\VWHP
�RU�KRUVH��ZRUN�WRJHWKHU� 7KHUHIRUH� WKH\�GR�QRW�SURYLGH�H[DPSOHV�RI �KRZ�WKH�FROODERUDWLRQ
EHWZHHQ�GULYHU�DQG�DXWRPDWLRQ�FRXOG�LPSURYH�HLWKHU� 2QFH�KDYLQJ�HVWDEOLVKHG�WKH�LPSRUWDQFH
RI �VWXG\LQJ�WDFWLFDO�EHKDYLRXUV� QHZ�UHVHDUFK�TXHVWLRQV�FDQ�EH�SRVHG� DQG�WKH�IXWXUH�RI �GULYLQJ
FDQ�HYROYH�LQ�PRUH�KXPDQ�IULHQGO\�ZD\V�

7R�VXPPDULVH� WKH�PDLQ�UHVXOWV�DQG�FRQFOXVLRQV�RI �WKLV�WKHVLV�DUH�DV�IROORZV�

◦ ,Q�)27 GDWD� $&& OHDGV�WR�D�IDVWHU�GULYHU�UHVSRQVH�WLPHV�WR�FXW�LQ�VLWXDWLRQV�FRPSDUHG�WR
GULYLQJ�ZLWKRXW�$&& DYDLODELOLW\� RSSRVLQJ�SUHYLRXV�UHVHDUFK�LQ�VLPXODWRUV� 3RVVLEO\� WKLV
LV�GXH�WR�GULYHUV�XVLQJ�$&& GLIIHUHQWO\�ZKHQ�DOORZHG�WR�FKRRVH�IRU�WKHPVHOYHV� �3DSHU�,9�
6HFWLRQ�������

◦ ([SHULHQFHG�$&& XVHUV�DUH�����VHFRQGV�IDVWHU�WR�UHVSRQG�WR�LQDSSURSULDWH�$&&�$&&�$6
DFWLRQV�LQ�D�FXW�LQ�VLWXDWLRQ�LQ�VLPXODWHG�GULYLQJ�WKDQ�DUH�LQH[SHULHQFHG�$&& XVHUV� %RWK
H[SHULHQFHG�DQG�LQH[SHULHQFHG�XVHUV�ZHUH�VORZHU�WR�UHVSRQG�ZLWK�$&& DFWLYH�WKDQ�ZLWK�
RXW� ,W� LV�WKHUHIRUH�LPSRUWDQW�WR�QRW�RQO\�VWXG\�QRYLFH�UHVSRQVHV�WR�V\VWHPV� �6HFWLRQ
������ 3DSHU�,,,��3DSHU�,,�

��
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◦ 5HVSRQVH� WLPHV� VWXGLHG� LQ� VLPXODWRUV� RQO\� DQVZHU� WKH�TXHVWLRQ�RI �ZKHWKHU� GULYHU� EH�
KDYLRXU�LQ�WKDW�VSHFLILF�VFHQDULR�LV�DIIHFWHG�ZLWK�DQ�DFWLYDWHG�V\VWHP� 'ULYHUV�PD\�FKDQJH
WKHLU�GULYLQJ�ZLWK�WKH�V\VWHP�VR�WKDW�WKH�VFHQDULR�GRHV�QRW�RFFXU�LQ�UHDO�WUDIILF� EXW�RWKHUV
PD\�RFFXU�LQVWHDG� �6HFWLRQ�������

◦ 6WXGLHV�QHHG�WR�EH�PDGH�RQ�D�ZLGHU�UDQJH�RI �KDQG�RYHU�VLWXDWLRQV�EHWZHHQ�V\VWHP�DQG
GULYHU�WKDQ�V\VWHP�EUHDNGRZQV� DV�WKLV�LV�RQO\�RQH�DVSHFW�RI �PDQ\�LQYROYLQJ�GULYHUV�ZRUN�
LQJ�ZLWK�DXWRPDWLRQ� �3DSHU�,��3DSHU�,, DQG�)LJXUH ��� RQ�SDJH �� �

��
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5HIHUHQFHV
$ONLP� 7� 3�� %RRWVPD� *�� DQG�+RRJHQGRRUQ� 6� 3��������� )LHOG�RSHUDWLRQDO�WHVW�µ7KH�DVVLVWHG
GULYHUµ� ,Q �����,((( ,QWHOOLJHQW�9HKLFOHV�6\PSRVLXP� SDJHV�����²������,(((�

$XVW� 0� /�� (QJVWU|P� -�� DQG�9LVWU|P� 0��������� (IIHFWV�RI �IRUZDUG�FROOLVLRQ�ZDUQLQJ�DQG
UHSHDWHG�HYHQW�H[SRVXUH�RQ�HPHUJHQF\�EUDNLQJ� 7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�)��7UDIILF�3V\FKRORJ\
DQG�%HKDYLRXU� �����²���

%DJKHUL� 1��DQG�-DPLHVRQ� *��������� 7KH�LPSDFW�RI �FRQWH[W�UHODWHG�UHOLDELOLW\�RQ�DXWRPDWLRQ
IDLOXUH�GHWHFWLRQ�DQG�VFDQQLQJ�EHKDYLRXU� ,Q 3URFHHGLQJV�RI �WKH������,((( ,QWHUQDWLRQDO�&RQIHUHQFH
RQ�6\VWHPV� 0DQ�DQG�&\EHUQHWLFV� YROXPH �� SDJHV����²����

%DLOH\� 1� 5��DQG�6FHUER� 0� :��������� $XWRPDWLRQ�LQGXFHG�FRPSODFHQF\�IRU�PRQLWRULQJ�KLJKO\
UHOLDEOH�V\VWHPV� WKH�UROH�RI �WDVN�FRPSOH[LW\� V\VWHP�H[SHULHQFH� DQG�RSHUDWRU�WUXVW� 7KHRUHWLFDO
,VVXHV�LQ�(UJRQRPLFV�6FLHQFH� ��������²����

%DLQEULGJH� /��������� ,URQLHV�RI �DXWRPDWLRQ� $XWRPDWLFD� ���������²����

%HJJLDWR� 0��DQG�.UHPV� -� )��������� 7KH�HYROXWLRQ�RI �PHQWDO�PRGHO� WUXVW�DQG�DFFHSWDQFH�RI
DGDSWLYH�FUXLVH�FRQWURO�LQ�UHODWLRQ�WR�LQLWLDO�LQIRUPDWLRQ� 7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�)��7UDIILF
3V\FKRORJ\�DQG�%HKDYLRXU� �����²���

%URHQ� 1� /��DQG�&KLDQJ� '� 3��������� %UDNLQJ�UHVSRQVH�WLPHV�IRU�����GULYHUV�LQ�WKH�DYRLGDQFH
RI �DQ�XQH[SHFWHG�REVWDFOH�DV�PHDVXUHG�LQ�D�GULYLQJ�VLPXODWRU� 3URFHHGLQJV�RI �WKH�+XPDQ�)DFWRUV
DQG�(UJRQRPLFV�6RFLHW\�$QQXDO�0HHWLQJ� ����������²����

%URRNKXLV� .� $�� YDQ�'ULHO� &��-� *�� +RI� 7�� YDQ�$UHP� %�� DQG�+RHGHPDHNHU� 0��������� 'ULYLQJ
ZLWK�D�FRQJHVWLRQ�DVVLVWDQW� PHQWDO�ZRUNORDG�DQG�DFFHSWDQFH� $SSOLHG�HUJRQRPLFV� ����������²
���

&DUVWHQ� 2�� /DL� )��&� +�� %DUQDUG� <�� -DPVRQ� D� +�� DQG�0HUDW� 1��������� &RQWURO�WDVN�VXEVWL�
WXWLRQ�LQ�VHPLDXWRPDWHG�GULYLQJ� GRHV�LW�PDWWHU�ZKDW�DVSHFWV�DUH�DXWRPDWHG" +XPDQ�)DFWRUV�
7KH�-RXUQDO�RI �WKH�+XPDQ�)DFWRUV�DQG�(UJRQRPLFV�6RFLHW\� ���������²����

&DVWHOIUDQFKL� &��������� 0RGHOOLQJ�VRFLDO�DFWLRQ�IRU�$, DJHQWV� $UWLILFLDO�,QWHOOLJHQFH� ����F��

&DVWHOIUDQFKL� &��DQG�)DOFRQH� 5��������� 7RZDUGV�D�WKHRU\�RI �GHOHJDWLRQ�IRU�DJHQW�EDVHG�V\VWHPV�
5RERWLFV�DQG�$XWRQRPRXV�6\VWHPV� �����������²����

&UXQGDOO� '�� 6KHQWRQ� &�� DQG�8QGHUZRRG� *��������� (\H�PRYHPHQWV�GXULQJ�LQWHQWLRQDO�FDU
IROORZLQJ� 3HUFHSWLRQ� ���������²����

GH :DDUG� '�� YDQ GHU�+XOVW� 0�� +RHGHPDHNHU� 0�� DQG�%URRNKXLV� .��������� 'ULYHU�EHKDYLRU
LQ�DQ�HPHUJHQF\� VLWXDWLRQ� LQ� WKH�DXWRPDWHG�KLJKZD\�V\VWHP� 7UDQVSRUWDWLRQ�+XPDQ�)DFWRUV�
�������²���

'HNNHU� 6��:� $��������� ,OOXVLRQV�RI �H[SODQDWLRQ� D�FULWLFDO�HVVD\�RQ�HUURU�FODVVLILFDWLRQ� 7KH
,QWHUQDWLRQDO�-RXUQDO�RI �$YLDWLRQ�3V\FKRORJ\� ��������²����

��



/DUVVRQ���$XWRPDWLRQ�DQG�WKH�QDWXUH�RI �GULYLQJ

'HNNHU� 6��:� $��������� 'RFWRUV�DUH�PRUH�GDQJHURXV�WKDQ�JXQ�RZQHUV� D�UHMRLQGHU�WR�HUURU
FRXQWLQJ� +XPDQ�IDFWRUV� ���������²���

'LFNLH� '� $��DQG�%R\OH� /� 1��������� 'ULYHUV·�XQGHUVWDQGLQJ�RI �DGDSWLYH�FUXLVH�FRQWURO�OLPLWD�
WLRQV� 3URFHHGLQJV�RI �WKH�+XPDQ�)DFWRUV�DQG�(UJRQRPLFV�6RFLHW\�$QQXDO�0HHWLQJ� �����������²�����

'LMNVWHUKXLV� &�� 6WXLYHU� $�� 0XOGHU� %�� %URRNKXLV� .� $�� DQG�GH :DDUG� '��������� $Q�DGDSWLYH
GULYHU�VXSSRUW�V\VWHP� XVHU�H[SHULHQFHV�DQG�GULYLQJ�SHUIRUPDQFH�LQ�D�VLPXODWRU�+XPDQ�)DFWRUV�
7KH�-RXUQDO�RI �WKH�+XPDQ�)DFWRUV�DQG�(UJRQRPLFV�6RFLHW\� ���������²����

'UDJXWLQRYLF� 1��DQG�%URRNKXLV� .��������� %HKDYLRXUDO�HIIHFWV�RI �DGYDQFHG�FUXLVH�FRQWURO�XVH�²
D�PHWD�DQDO\WLF�DSSURDFK� (XURSHDQ�-RXUQDO�RI �7UDQVSRUW�DQG�,QIUDVWUXFWXUH�5HVHDUFK� ��������²����

(QGVOH\� 0� 5��DQG�.DEHU� '� %��������� /HYHO�RI �DXWRPDWLRQ�HIIHFWV�RQ�SHUIRUPDQFH� VLWXDWLRQ
DZDUHQHVV�DQG�ZRUNORDG�LQ�D�G\QDPLF�FRQWURO�WDVN� (UJRQRPLFV� ���������²����

(UYLQ� 5�� %RJDUG� 6�� DQG�)DQFKHU� 3��������� ([SORULQJ�LPSOLFDWLRQV�RI �WKH�GHFHOHUDWLRQ�DXWKRULW\
RI �DGDSWLYH�FUXLVH�FRQWURO�IRU�GULYHU�YLJLODQFH� 3URFHHGLQJV�RI �WKH��WK�:RUOG�&RQJUHVV�RQ�,QWHOOLJHQW
7UDQVSRUW�6\VWHPV� �3DSHU�������

(UYLQ� 5�� 6D\HU� -� 5�� /H%ODQF� '� -�� %RJDUG� 6� (�� DQG�0HIIRUG� 0��������� $XWRPRWLYH�FROOLVLRQ
DYRLGDQFH�V\VWHP�ILHOG�RSHUDWLRQDO�WHVW�UHSRUW� 0HWKRGRORJ\�DQG�UHVXOWV� 7HFKQLFDO�UHSRUW�
8075,��*HQHUDO�0RWRUV� 5HSRUW�1R��'27 +6 ��������

)DOFRQH� 5�� DQG�&DVWHOIUDQFKL� &�� ������� 7KH�KXPDQ� LQ� WKH� ORRS�RI �D�GHOHJDWHG�DJHQW� WKH
WKHRU\�RI �DGMXVWDEOH�VRFLDO�DXWRQRP\� ,((( 7UDQVDFWLRQV�RQ�6\VWHPV� 0DQ� DQG�&\EHUQHWLFV���3DUW
$��6\VWHPV�DQG�+XPDQV� ���������²����

)DOFRQH� 5��DQG�&DVWHOIUDQFKL� &��������� ,VVXHV�RI �WUXVW�DQG�FRQWURO�RQ�DJHQW�DXWRQRP\� &RQ�
QHFWLRQ�6FLHQFH� ���������²����

)DQFKHU� 3�� (UYLQ� 5�� 6D\HU� -� 5�� +DJDQ� 0�� DQG�%RJDUG� 6� (��������� ,QWHOOLJHQW�FUXLVH�FRQWURO
ILHOG�RSHUDWLRQDO� WHVW� �ILQDO� UHSRUW�� 7HFKQLFDO�5HSRUW�0D\� 8075,��1+76$��5HSRUW�1R�
'27 +6 ��������

)DUUHOO� 6��DQG�/HZDQGRZVN\� 6��������� $ FRQQHFWLRQLVW�PRGHO�RI �FRPSODFHQF\�DQG�DGDSWLYH
UHFRYHU\� XQGHU� DXWRPDWLRQ� -RXUQDO�RI �H[SHULPHQWDO�SV\FKRORJ\��/HDUQLQJ� PHPRU\� DQG� FRJQLWLRQ�
���������²����

)(67$ ������� )(67$ +DQGERRN� 9HUVLRQ� �� 7HFKQLFDO� 5HSRUW� $XJXVW� 'H�
OLYHUDEOH� '���� RI � )LHOG� RS(UDWLRQDO� WH6W� VXSSRU7 $FWLRQ� �)(67$��� $YDLODEOH� DW
KWWS���ZZZ�LWV�OHHGV�DF�XN�IHVWD��

)OHPLVFK� )� 2�� .HOVFK� -�� /|SHU� &�� 6FKLHEHQ� $�� 6FKLQGOHU� -�� DQG�+HHVHQ� 0��������� &RRS�
HUDWLYH�FRQWURO�DQG�DFWLYH�LQWHUIDFHV�IRU�YHKLFOH�DVVLVWDQFH�DQG�DXWRPDWLRQ� ,Q ),6,7$ :RUOG
$XWRPRWLYH�&RQJUHVV� QXPEHU �� 0XQLFK�

*DUULVRQ� 7��������� $OORFDWLQJ�YLVXDO�DWWHQWLRQ� KRZ�UHOHYDQFH�WR�GULYLQJ�LPSDFWV�DWWHQWLRQ�ZKHQ
GULYHUV�DUH�GLVWUDFWHG� ,Q 3URFHHGLQJV�RI �WKH�6L[WK�,QWHUQDWLRQDO�'ULYLQJ�6\PSRVLXP�RQ�+XPDQ�)DFWRUV
LQ�'ULYHU�$VVHVVPHQW� 7UDLQLQJ�DQG�9HKLFOH�'HVLJQ� SDJHV���²���

��



5()(5(1&(6

*LEVRQ� -��DQG�&URRNV� /��������� $ WKHRUHWLFDO�ILHOG�DQDO\VLV�RI �DXWRPRELOH�GULYLQJ� 7KH�$PHULFDQ
MRXUQDO�RI �SV\FKRORJ\� ���������²����

+MlOPGDKO� 0�� DQG�9iUKHO\L� $�� ������� 6SHHG� UHJXODWLRQ�E\� LQ�FDU� DFWLYH� DFFHOHUDWRU� SHGDO�
7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�)��7UDIILF�3V\FKRORJ\�DQG�%HKDYLRXU� �������²���

+RF� -��0��������� 7RZDUGV�D�FRJQLWLYH�DSSURDFK�WR�KXPDQ²PDFKLQH�FRRSHUDWLRQ�LQ�G\QDPLF
VLWXDWLRQV� ,QWHUQDWLRQDO�-RXUQDO�RI �+XPDQ�&RPSXWHU�6WXGLHV� ���������²����

+RF� -��0�� <RXQJ� 0� 6�� DQG�%ORVVHYLOOH� -��0��������� &RRSHUDWLRQ�EHWZHHQ�GULYHUV�DQG�DX�
WRPDWLRQ� LPSOLFDWLRQV�IRU�VDIHW\� 7KHRUHWLFDO�,VVXHV�LQ�(UJRQRPLFV�6FLHQFH� ���������²����

+RHGHPDHNHU� 0��DQG�%URRNKXLV� .� $��������� %HKDYLRXUDO�DGDSWDWLRQ�WR�GULYLQJ�ZLWK�DQ�DGDS�
WLYH�FUXLVH�FRQWURO��$&&�� 7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�)��7UDIILF�3V\FKRORJ\�DQG�%HKDYLRXU� �������²
����

+ROOQDJHO� (�� ������� &RJQLWLRQ�DV�FRQWURO� D�SUDJPDWLF�DSSURDFK�WR�WKH�PRGHOOLQJ�RI � MRLQW
FRJQLWLYH�V\VWHPV� 6SHFLDO�LVVXH�RI �,((( 7UDQVDFWLRQV�RQ�6\VWHPV� 0DQ� DQG�&\EHUQHWLFV�$��6\VWHPV
DQG�+XPDQV�

+ROOQDJHO� (�� 1n ER� $�� DQG�/DX� ,��������� $ V\VWHPLF�PRGHO�IRU�GULYHU�LQ�FRQWURO� 3URFHHGLQJV�RI
WKH�6HFRQG�,QWHUQDWLRQDO�'ULYLQJ�6\PSRVLXP�RQ�+XPDQ�)DFWRUV�LQ�'ULYHU�DVHVVPHQW� 7UDLQLQJ�DQG�9HKLFOH
'HVLJQ� SDJHV���²���

+\GpQ� &�� HGLWRU�������� 7UDILNHQ�L�GHQ�KnOOEDUD�VWDGHQ� 6WXGHQWOLWWHUDWXU�

,QODQG�7UDQVSRUW�&RPPLWWHH� 8��1��(��&��I� (��������� &RQYHQWLRQ�RQ�URDG�WUDIILF�

-DPVRQ� $� +�� /DL� )� &�� DQG�&DUVWHQ� 2� 0��������� 3RWHQWLDO�EHQHILWV�RI �DQ�DGDSWLYH�IRUZDUG
FROOLVLRQ�ZDUQLQJ�V\VWHP� 7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�&��(PHUJLQJ�7HFKQRORJLHV� ���������²����

-DPVRQ� $� +�� 0HUDW� 1�� &DUVWHQ� 2� 0�� DQG�/DL� )� &��������� %HKDYLRXUDO�FKDQJHV�LQ�GULYHUV
H[SHULHQFLQJ�KLJKO\�DXWRPDWHG�YHKLFOH�FRQWURO�LQ�YDU\LQJ�WUDIILF�FRQGLWLRQV� 7UDQVSRUWDWLRQ�5H�
VHDUFK�3DUW�&��(PHUJLQJ�7HFKQRORJLHV� ������²����

-HQVVHQ� *��������� %HKDYLRXUDO�DGDSWDWLRQ� WR�DGYDQFHG�GULYHU�DVVLVWDQFH� V\VWHPV��6WHSV� WR� H[SORUH� VDIHW\
LPSOLFDWLRQV� 'RFWRUDO�7KHVLV�DW�1718 ����

.LHQOH� 0�� 'DPE|FN� '�� DQG�.HOVFK� -�� ������� 7RZDUGV�DQ�+�0RGH�IRU�KLJKO\�DXWRPDWHG
YHKLFOHV� GULYLQJ�ZLWK�VLGH�VWLFNV� ,Q 3URFHHGLQJV�RI �WKH��VW�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$XWRPRWLYH
8VHU�,QWHUIDFHV�DQG�,QWHUDFWLYH�9HKLFXODU�$SSOLFDWLRQV� SDJHV���²��� 6HS������� (VVHQ� *HUPDQ\�

.LUFKHU� .�� $KOVWURP� &�� DQG�.LUFKHU� $��������� &RPSDULVRQ�RI �WZR�H\H�JD]H�EDVHG�UHDO�WLPH
GULYHU�GLVWUDFWLRQ�GHWHFWLRQ�DOJRULWKPV�LQ�D�VPDOO�VFDOH�ILHOG�RSHUDWLRQDO�WHVW� ,Q 3URFHHGLQJV�RI
WKH�)LIWK�,QWHUQDWLRQDO�'ULYLQJ�6\PSRVLXP�RQ�+XPDQ�)DFWRUV�LQ�'ULYHU�$VVHVVPHQW� 7UDLQLQJ�DQG�9HKLFOH
'HVLJQ� SDJHV���²��� %LJ�6N\� 07�

.RSI� 0��DQG�1LUVFKO� *��������� 'ULYHU�YHKLFOH�LQWHUDFWLRQ�ZKLOH�GULYLQJ�ZLWK�$&& LQ�ERUGHUOLQH
VLWXDWLRQV� 3URFHHGLQJV�RI �WKH��WK�:RUOG�&RQJUHVV�RQ�,QWHOOLJHQW�7UDQVSRUWDWLRQ�6\VWHPV� SDJH�3DSHU
QXPEHU�����

/HH� -� '��DQG�6HH� .� $��������� 7UXVW�LQ�DXWRPDWLRQ� GHVLJQLQJ�IRU�DSSURSULDWH�UHOLDQFH� +XPDQ
)DFWRUV� 7KH�-RXUQDO�RI �WKH�+XPDQ�)DFWRUV�DQG�(UJRQRPLFV�6RFLHW\� ��������²���

��



/DUVVRQ���$XWRPDWLRQ�DQG�WKH�QDWXUH�RI �GULYLQJ

/ODQHUDV� 5��������� 0LVFRQFHSWLRQV�DQG�VHOI�UHSRUWHG�EHKDYLRUDO�DGDSWDWLRQV�DVVRFLDWHG�ZLWK
DGYDQFHG�LQ�YHKLFOH�V\VWHPV� OHVVRQV�OHDUQHG�IURP�HDUO\�WHFKQRORJ\�DGRSWHUV� ,Q 'ULYLQJ�$V�
VHVVPHQW������ �WK�,QWHUQDWLRQDO�'ULYLQJ�6\PSRVLXP�RQ�+XPDQ�)DFWRUV�LQ�'ULYHU�$VVHVVPHQW� 7UDLQLQJ
DQG�9HKLFOH�'HVLJQ� SDJHV����²����

0DOWD� /�� /MXQJ�$XVW� 0�� )DEHU� )�� 0HW]� %�� 6DLQW�3LHUUH� *�� %HQPLPRXQ� 0�� DQG�6FKlIHU� 5�
������� (XUR)27 ILQDO�UHVXOWV� LPSDFWV�RQ�WUDIILF�VDIHW\� 7HFKQLFDO�UHSRUW�

0DV� $�� 0HULHQQH� )�� DQG�.HPHQ\� $��������� /DWHUDO�FRQWURO�DVVLVWDQFH�DQG�GULYHU�EHKDYLRU�LQ
HPHUJHQF\�VLWXDWLRQV� $GYDQFHV�LQ�7UDQVSRUWDWLRQ�6WXGLHV� �6SHFLDO�LVVXH���²���

0HUDW� 1��DQG�-DPVRQ� $� +��������� +RZ�GR�GULYHUV�EHKDYH�LQ�D�KLJKO\�DXWRPDWHG�FDU" ,Q
3URFHHGLQJV�RI �WKH�)LIWK�,QWHUQDWLRQDO�'ULYLQJ�6\PSRVLXP�RQ�+XPDQ�)DFWRUV�LQ�'ULYHU�$VVHVVPHQW� 7UDLQLQJ
DQG�9HKLFOH�'HVLJQ� SDJHV����²���� %LJ�6N\� 07�

0HUDW� 1�� -DPVRQ� $� +�� /DL� )��&� +�� DQG�&DUVWHQ� 2�� ������� +LJKO\� DXWRPDWHG�GULYLQJ�
VHFRQGDU\�WDVN�SHUIRUPDQFH� DQG�GULYHU�VWDWH� +XPDQ�)DFWRUV� 7KH�-RXUQDO�RI �WKH�+XPDQ�)DFWRUV
DQG�(UJRQRPLFV�6RFLHW\� ���������²����

0LFKRQ� -��������� 'HDOLQJ�ZLWK�GDQJHU� 7HFKQLFDO�UHSRUW� 7HFKQLFDO�5HSRUW�QU�9. ������ 7UDIILF
5HVHDUFK�&HQWUH� 8QLYHUVLW\�RI �*URQLQJHQ�

0LFKRQ� -��������� $ FULWLFDO�YLHZ�RI �GULYHU�EHKDYLRU�PRGHOV� :KDW�GR�ZH�NQRZ� ZKDW�VKRXOG�ZH
GR� ,Q�(YDQV� /��DQG�6FKZLQJ� 5� &�� HGLWRUV� +XPDQ�%HKDYLRU�DQG�7UDIILF�6DIHW\� SDJHV����²����
3OHQXP�3UHVV� 1HZ�<RUN�

0ROOR\� 5��DQG�3DUDVXUDPDQ� 5��������� 0RQLWRULQJ�DQ�DXWRPDWHG�V\VWHP�IRU�D�VLQJOH�IDLOXUH� YLJ�
LODQFH�DQG�WDVN�FRPSOH[LW\�HIIHFWV� +XPDQ�)DFWRUV� 7KH�-RXUQDO�RI �WKH�+XPDQ�)DFWRUV�DQG�(UJRQRPLFV
6RFLHW\� ���������²����

0RUD\� 1�� ������� 0RQLWRULQJ� FRPSODFHQF\� VFHSWLFLVP�DQG�HXWDFWLF�EHKDYLRXU� ,QWHUQDWLRQDO
-RXUQDO�RI �,QGXVWULDO�(UJRQRPLFV� ������²����

0RUD\� 1��DQG�,QDJDNL� 7�� ������� $WWHQWLRQ�DQG�FRPSODFHQF\� 7KHRUHWLFDO� ,VVXHV� LQ�(UJRQRPLFV
6FLHQFH� ��������²����

0RUD\� 1�� ,QDJDNL� 7�� DQG�,WRK� 0��������� $GDSWLYH�DXWRPDWLRQ� WUXVW� DQG�VHOI�FRQILGHQFH�LQ
IDXOW�PDQDJHPHQW�RI �WLPH�FULWLFDO�WDVNV� -RXUQDO�RI �([SHULPHQWDO�3V\FKRORJ\�$SSOLHG� �������²���

0RVW� 6� %��DQG�$VWXU� 5� 6��������� )HDWXUH�EDVHG�DWWHQWLRQDO�VHW�DV�D�FDXVH�RI �WUDIILF�DFFLGHQWV�
9LVXDO�&RJQLWLRQ� ���������²����

0RVW� 6� %�� 6FKROO� %� -�� &OLIIRUG� (� 5�� DQG�6LPRQV� '� -��������� :KDW�\RX�VHH�LV�ZKDW�\RX�VHW�
VXVWDLQHG�LQDWWHQWLRQDO�EOLQGQHVV�DQG�WKH�FDSWXUH�RI �DZDUHQHVV� 3V\FKRORJLFDO�5HYLHZ� ����������²
���

0RXORXD� 0�� 3DUDVXUDPDQ� 5�� DQG�0ROOR\� 5��������� 0RQLWRULQJ�DXWRPDWLRQ�IDLOXUHV� HIIHFWV
RI �VLQJOH�DQG�PXOWL�DGDSWLYH�IXQFWLRQ�DOORFDWLRQ� +XPDQ�)DFWRUV�DQG�(UJRQRPLFV�6RFLHW\�$QQXDO
0HHWLQJ� �������²��

0XLU� %��DQG�0RUD\� 1��������� 7UXVW�LQ�DXWRPDWLRQ��3DUW�,,��([SHULPHQWDO�VWXGLHV�RI �WUXVW�DQG
KXPDQ�LQWHUYHQWLRQ�LQ�D�SURFHVV�FRQWURO�VLPXODWLRQ� (UJRQRPLFV� ���������²����

��
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0XLU� %� 0��������� 7UXVW� LQ�DXWRPDWLRQ� 3DUW�,��7KHRUHWLFDO�LVVXHV�LQ�WKH�VWXG\�RI �WUXVW�DQG
KXPDQ�LQWHUYHQWLRQ�LQ�DXWRPDWHG�V\VWHPV� (UJRQRPLFV� �����������²�����

1DVV� &�� )RJJ� %�� DQG�0RRQ� <��������� &DQ�FRPSXWHUV�EH�WHDPPDWHV" ,QWHUQDWLRQDO�-RXUQDO�RI
+XPDQ�&RPSXWHU�6WXGLHV� ������²����

1HLVVHU� 8��������� &RJQLWLRQ�DQG�UHDOLW\� SULQFLSOHV�DQG�LPSOLFDWLRQV�IRU�FRJQLWLYH�SV\FKRORJ\� :�+��)UHHPDQ
DQG�&RPSDQ\�

1LOVVRQ� /��������� 6DIHW\�HIIHFWV�RI �DGDSWLYH�FUXLVH�FRQWUROV�LQ�FULWLFDO�WUDIILF�VLWXDWLRQV� 6WHSV
)RUZDUG��,QWHOOLJHQW�7UDQVSRUW�6\VWHPV�:RUOG�&RQJUHVV� �������

1RUPDQ� '��������� 7KH�GHVLJQ�RI �IXWXUH�WKLQJV� 7KH�3HUVHXV�%RRNV�*URXS�

1RUPDQ� '� $��������� 7KH�·SUREOHP·�ZLWK�DXWRPDWLRQ� LQDSSURSULDWH�IHHGEDFN�DQG�LQWHUDFWLRQ�
QRW�·RYHU�DXWRPDWLRQ·� 3KLORVRSKLFDO�WUDQVDFWLRQV�RI �WKH�5R\DO�6RFLHW\�RI �/RQGRQ��6HULHV�%��%LRORJLFDO
VFLHQFHV� �������������²���

1RUPDQ� '� $��������� 7KLQJV�WKDW�PDNH�XV�VPDUW� GHIHQGLQJ�KXPDQ�DWWULEXWHV�LQ�WKH�DJH�RI �WKH�PDFKLQH�
$GGLVRQ�:HVOH\�

2(&' ������� %HKDYLRXUDO�DGDSWDWLRQV�WR�FKDQJHV� LQ� WKH�URDG�WUDQVSRUW�V\VWHP� 7HFKQLFDO
UHSRUW� 2UJDQL]DWLRQ�IRU�HFRQRPLF�FRRSHUDWLRQ�DQG�GHYHORSPHQW� 3DULV�

3DUDVXUDPDQ� 5��������� +XPDQV�DQG�DXWRPDWLRQ� XVH� PLVXVH� GLVXVH� DEXVH� +XPDQ�)DFWRUV�
7KH�-RXUQDO�RI �WKH�+XPDQ�)DFWRUV�DQG�(UJRQRPLFV�6RFLHW\� ���������²����

3DUDVXUDPDQ� 5��DQG�0DQ]H\� '� +��������� &RPSODFHQF\�DQG�ELDV�LQ�KXPDQ�XVH�RI �DXWRPDWLRQ�
DQ�DWWHQWLRQDO�LQWHJUDWLRQ� +XPDQ�)DFWRUV� 7KH�-RXUQDO�RI �WKH�+XPDQ�)DFWRUV�DQG�(UJRQRPLFV�6RFLHW\�
���������²����

3DUDVXUDPDQ� 5��DQG�:LFNHQV� &� '��������� +XPDQV� VWLOO�YLWDO�DIWHU�DOO�WKHVH�\HDUV�RI �DXWRPDWLRQ�
+XPDQ�)DFWRUV� 7KH�-RXUQDO�RI �WKH�+XPDQ�)DFWRUV�DQG�(UJRQRPLFV�6RFLHW\� ���������²����

3DXZHOXVVHQ� -��DQG�)HHQVWUD� 3� -��������� 'ULYHU�EHKDYLRU�DQDO\VLV�GXULQJ�$&& DFWLYDWLRQ�DQG
GHDFWLYDWLRQ�LQ�D�UHDO�WUDIILF�HQYLURQPHQW� ,((( 7UDQVDFWLRQV�RQ�,QWHOOLJHQW�7UDQVSRUWDWLRQ�6\VWHPV�
���������²����

5DMDRQDK� %�� 7ULFRW� 1�� $QFHDX[� )�� DQG�0LOORW� 3��������� 7KH�UROH�RI �LQWHUYHQLQJ�YDULDEOHV�LQ
GULYHU²$&& FRRSHUDWLRQ� ,QWHUQDWLRQDO�-RXUQDO�RI �+XPDQ�&RPSXWHU�6WXGLHV� ���������²����

5XGLQ�%URZQ� &� 0��DQG�3DUNHU� +� $��������� %HKDYLRXUDO�DGDSWDWLRQ�WR�DGDSWLYH�FUXLVH�FRQWURO
�$&&���LPSOLFDWLRQV�IRU�SUHYHQWLYH�VWUDWHJLHV� 7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�)��7UDIILF�3V\FKRORJ\�DQG
%HKDYLRXU� �������²���

6DDG� )��������� %HKDYLRXUDO�DGDSWDWLRQV�WR�QHZ�GULYHU�VXSSRUW�V\VWHPV� VRPH�FULWLFDO�LVVXHV� ,Q
�����,((( ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6\VWHPV� 0DQ�DQG�&\EHUQHWLFV��,((( &DW��1R���&+�������
YROXPH �� SDJHV����²�����,(((�

6DDG� )��������� 6RPH�FULWLFDO�LVVXHV�ZKHQ�VWXG\LQJ�EHKDYLRXUDO�DGDSWDWLRQV�WR�QHZ�GULYHU�VXSSRUW
V\VWHPV� &RJQLWLRQ� 7HFKQRORJ\�	�:RUN� ��������²����

��



/DUVVRQ���$XWRPDWLRQ�DQG�WKH�QDWXUH�RI �GULYLQJ

6DDG� )��DQG�(OVODQGH� 3� 9��������� 'ULYHUV·�VDIHW\�QHHGV� EHKDYLRXUDO�DGDSWDWLRQV�DQG�DFFHSWDQFH
RI �QHZ�GULYLQJ�VXSSRUW�V\VWHPV� :RUN� $ -RXUQDO�RI �3UHYHQWLRQ� $VVHVVPHQW�DQG�5HKDELOLWDWLRQ�
�������²�����

6DDG� )�� +MlOPGDKO� 0�� &DxDV� -�� $ORQVR� 0�� *DUD\R� 3�� 0DFFKL� /�� 1DWKDQ� )�� 2MHGD� /��
3DSDNRVWRSRXORV� 9�� 3DQRX� 0�� DQG�%HNLDULV� (��������� /LWHUDWXUH�UHYLHZ�RI �EHKDYLRXUDO
HIIHFWV� 7HFKQLFDO�5HSRUW�0DUFK� $,'(��GHOLYHUDEOH�������

6DDG� )��DQG�9LOODPH� 7�� ������� $VVHVVLQJ�QHZ�GULYLQJ�VXSSRUW� V\VWHPV� FRQWULEXWLRQ�RI �DQ
DQDO\VLV�RI �GULYHUV·�DFWLYLW\�LQ�UHDO�VLWXDWLRQV� ,Q ,QWHOOLJHQW�7UDQVSRUWDWLRQ� 5HDOL]LQJ�WKH�)XWXUH�
3URFHHGLQJV�IURP�WKH�7KLUG�:RUOG�&RQJUHVV�RQ�,QWHOOLJHQW�7UDQVSRUW�6\VWHPV� 3DSHU�QR������

6DUWHU� 1�� :RRGV� '�� DQG�%LOOLQJV� &��������� $XWRPDWLRQ�VXUSULVHV� ,Q�6DOYHQG\� *�� HGLWRU�
+DQGERRN�RI �+XPDQ�)DFWRUV�	�(UJRQRPLFV� SDJHV��²����:LOH\� �QG�HGLWLRQ�

6HSSHOW� %� '��DQG�/HH� -� '��������� 0DNLQJ�DGDSWLYH�FUXLVH�FRQWURO��$&&� OLPLWV�YLVLEOH� ,QWHU�
QDWLRQDO�-RXUQDO�RI �+XPDQ�&RPSXWHU�6WXGLHV� ���������²����

6,.$ ������� 6,.$ .|UVWUlFNRU���)25'21 �����

6LPRQ� -��������� $GYDQFHG�'ULYHU�$VVLVWDQFH�6\VWHPV��(PSLULFDO�VWXGLHV�RI �DQ�RQOLQH�WXWRU�DQG�D�SHUVRQDOLVHG
ZDUQLQJ�GLVSOD\�RQ�WKH�HIIHFWV�RI �OHDUQDELOLW\�DQG�WKH�DFTXLVLWLRQ�RI �VNLOO� 3K' WKHVLV� &KHLPQL]�XQLYHUVLW\�

6WDQWRQ� 1��������� +LHUDUFKLFDO�7DVN�$QDO\VLV� 'HYHORSPHQWV� $SSOLFDWLRQV�DQG�([WHQVLRQV�
$SSOLHG�HUJRQRPLFV� ��������²���

6WDQWRQ� 1� $��DQG�0DUVGHQ� 3��������� )URP�IO\�E\�ZLUH�WR�GULYH�E\�ZLUH� VDIHW\�LPSOLFDWLRQV�RI
DXWRPDWLRQ�LQ�YHKLFOHV� 6DIHW\�6FLHQFH� ��������²���

6WDQWRQ� 1� $�� <RXQJ� 0�� DQG�0F&DXOGHU� %��������� 'ULYH�E\�ZLUH� WKH�FDVH�RI �GULYHU�ZRUNORDG
DQG�UHFODLPLQJ�FRQWURO�ZLWK�DGDSWLYH�FUXLVH�FRQWURO� 6DIHW\�6FLHQFH� �����������²����

6WDQWRQ� 1� $��DQG�<RXQJ� 0� 6��������� 9HKLFOH�DXWRPDWLRQ�DQG�GULYLQJ�SHUIRUPDQFH� (UJRQRPLFV�
����������²�����

6WDQWRQ� 1� $��DQG�<RXQJ� 0� 6��������� 'ULYHU�EHKDYLRXU�ZLWK�DGDSWLYH�FUXLVH�FRQWURO� (U�
JRQRPLFV� �����������²�����

6WDQWRQ� 1� $�� <RXQJ� 0� 6�� :DONHU� *� +�� 7XUQHU� +�� DQG�5DQGOH� 6��������� $XWRPDWLQJ�WKH
GULYHU·V�FRQWURO�WDVNV� ,QWHUQDWLRQDO�-RXUQDO�RI �&RJQLWLYH�(UJRQRPLFV� ��������²����

6WUDQG� 1�� 1LOVVRQ� -�� .DUOVVRQ� 0� ,�� DQG�1LOVVRQ� /��������� ([SORULQJ�HQG�XVHU�H[SHULHQFHV�
6HOI�SHUFHLYHG�QRWLRQV�RQ�XVH�RI �DGDSWLYH�FUXLVH�FRQWURO�V\VWHPV� ,Q 7UDQVSRUW�6\VWHPV� ,(7�
QXPEHU������ SDJHV����²���� 6HOHFWHG�SDSHUV�IURP�WKH��QG�(XURSHDQ�&RQIHUHQFH�RQ�+XPDQ
&HQWHUHG�'HVLJQ�LQ�,76�

7ULFN� /� 0�� (QQV� -� 7�� 0LOOV� -�� DQG�9DYULN� -��������� 3D\LQJ�DWWHQWLRQ�EHKLQG�WKH�ZKHHO� D
IUDPHZRUN�IRU�VWXG\LQJ�WKH�UROH�RI �DWWHQWLRQ�LQ�GULYLQJ� 7KHRUHWLFDO�,VVXHV�LQ�(UJRQRPLFV�6FLHQFH�
��������²����

9LFWRU� 7�� $KOVWU|P� &�� 6WHLQPHW]� (�� &DQR� -� /�� %On EHUJ� &�� 5\GVWU|P� $�� DQG�6DQGEHUJ� '�
������� 6H0L)27 WDVN�UHSRUW�:3������9LVXDO�EHKDYLRU�DQDO\VLV�RI �$&&� 7HFKQLFDO�5HSRUW ���

��



5()(5(1&(6

9LWL� )�� +RRJHQGRRUQ� 6� 3�� $ONLP� 7� 3�� DQG�%RRWVPD� *��������� 'ULYLQJ�EHKDYLRU�LQWHUDFWLRQ
ZLWK�$&&��UHVXOWV�IURP�D�ILHOG�RSHUDWLRQDO�WHVW�LQ�WKH�1HWKHUODQGV� ,Q �����,((( ,QWHOOLJHQW
9HKLFOHV�6\PSRVLXP� SDJHV����²����

9ROOUDWK� 0�� 6FKOHLFKHU� 6�� DQG�*HODX� &��������� 7KH�LQIOXHQFH�RI �FUXLVH�FRQWURO�DQG�DGDSWLYH
FUXLVH�FRQWURO�RQ�GULYLQJ�EHKDYLRXU���D�GULYLQJ�VLPXODWRU�VWXG\� $FFLGHQW�$QDO\VLV�	�3UHYHQWLRQ�
����������²��

:HLQEHUJHU� 0�� :LQQHU� +�� DQG�%XEE� +��������� $GDSWLYH�FUXLVH�FRQWURO�ILHOG�RSHUDWLRQDO�WHVW
��WKH�OHDUQLQJ�SKDVH� -6$( UHYLHZ� ������²����

:LHVH� (� (��DQG�/HH� -� '��������� $WWHQWLRQ�JURXQGLQJ� D�QHZ�DSSURDFK�WR�LQ�YHKLFOH�LQIRUPD�
WLRQ�V\VWHP�LPSOHPHQWDWLRQ� 7KHRUHWLFDO�,VVXHV�LQ�(UJRQRPLFV�6FLHQFH� ��������²����

:LQQHU� +��������� $GDSWLYH�FUXLVH�FRQWURO� ,Q�(VNDQGDULDQ� $�� HGLWRU� +DQGERRN�RI �,QWHOOLJHQW
9HKLFOHV� SDJHV����²�����6SULQJHU�/RQGRQ� /RQGRQ�

:RROGULGJH� 0��DQG�-HQQLQJV� 1� 5��������� ,QWHOOLJHQW�DJHQWV� WKHRU\�DQG�SUDFWLFH� 7KH�.QRZOHGJH
HQJLQHHULQJ�5HYLHZ� ���������²����

;LRQJ� +��DQG�%R\OH� /��������� 'ULYHUV·�DGDSWDWLRQ�WR�DGDSWLYH�FUXLVH�FRQWURO� H[DPLQDWLRQ�RI �DX�
WRPDWLF�DQG�PDQXDO�EUDNLQJ� ,((( 7UDQVDFWLRQV�RQ�,QWHOOLJHQW�7UDQVSRUWDWLRQ�6\VWHPV� ����������²
�����

;LRQJ� +�� %R\OH� /� 1�� 0RHFNOL� -�� 'RZ� %� 5�� DQG�%URZQ� 7� /��������� 8VH�SDWWHUQV�DPRQJ
HDUO\�DGRSWHUV�RI �DGDSWLYH�FUXLVH�FRQWURO� +XPDQ�)DFWRUV� 7KH�-RXUQDO�RI �WKH�+XPDQ�)DFWRUV�DQG
(UJRQRPLFV�6RFLHW\� ���������²����

<RXQJ� 0��DQG�6WDQWRQ� 1�������D�� $WWHQWLRQ�DQG�DXWRPDWLRQ� QHZ�SHUVSHFWLYHV�RQ�PHQWDO
XQGHUORDG�DQG�SHUIRUPDQFH� 7KHRUHWLFDO�,VVXHV�LQ�(UJRQRPLFV�6FLHQFH� ��������²����

<RXQJ� 0�� 6WDQWRQ� 1�� DQG�+DUULV� '��������� 'ULYLQJ�DXWRPDWLRQ� OHDUQLQJ�IURP�DYLDWLRQ�DERXW
GHVLJQ�SKLORVRSKLHV� ,QWHUQDWLRQDO�-RXUQDO�RI �9HKLFOH�'HVLJQ� ���������²����

<RXQJ� 0� 6��DQG�6WDQWRQ� 1� $�������E�� 0DOOHDEOH�DWWHQWLRQDO�UHVRXUFHV�WKHRU\� D�QHZ�H[SOD�
QDWLRQ�IRU�WKH�HIIHFWV�RI �PHQWDO�XQGHUORDG�RQ�SHUIRUPDQFH� +XPDQ�)DFWRUV� 7KH�-RXUQDO�RI �WKH
+XPDQ�)DFWRUV�DQG�(UJRQRPLFV�6RFLHW\� ���������²����

<RXQJ� 0� 6��DQG�6WDQWRQ� 1� $��������� %DFN�WR�WKH�IXWXUH� EUDNH�UHDFWLRQ�WLPHV�IRU�PDQXDO�DQG
DXWRPDWHG�YHKLFOHV� (UJRQRPLFV� ��������²���

��





´7KHUH� LV�DQ�DUW� >WKH�*XLGH@�VD\V� RU�UDWKHU� D�NQDFN�WR
IO\LQJ� 7KH�NQDFN�OLHV�LQ�OHDUQLQJ�KRZ�WR�WKURZ�\RXUVHOI �DW
WKH�JURXQG�DQG�PLVV� «�&OHDUO\� LW�LV�WKLV�VHFRQG�SDUW� WKH
PLVVLQJ� ZKLFK�SUHVHQWV�WKH�GLIILFXOWLHV�µ

��'RXJODV�$GDPV��7KH�+LWFKKLNHU·V�*XLGH�WR�WKH�*DOD[\�

$FNQRZOHGJHPHQWV

, ZRXOG�OLNH�WR�H[WHQG�P\�WKDQNV�WR�DOO�WKRVH�LQYROYHG�GXULQJ�P\�3K' VWXGLHV�ZKR�LQ�RQH�ZD\
RU�DQRWKHU�DVVLVWHG�PH�LQ�ILQLVKLQJ�WKLV� DW�WLPHV� GDXQWLQJ�WDVN� )LUVW� RI �FRXUVH� P\�GHSDUWPHQW
7UDQVSRUW�DQG�5RDGV�DW�/XQG�8QLYHUVLW\� IRU�SURYLGLQJ�PH�ZLWK�WKH�FKDQFH�WR�GR�D�SURMHFW�OLNH
WKLV�WKRXJK�LW�OLHV�RXWVLGH�WKH�FRPIRUW�]RQH�RI �PRVW�WUDIILF�HQJLQHHUV� , ZLOO�PLVV�P\�IHOORZ�3K'
FDQGLGDWHV� DV�ZHOO�DV�WKH�GLVFXVVLRQV�EURDGHQLQJ�P\�NQRZOHGJH�RI �WUDIILF�UHVHDUFK� 7KDQN�\RX
DOVR�IRU�VKRZLQJ�PH�ZKDW�6NnQH�LV�DOO�DERXW��P\FNHW�YDQLOMVnV��� DQG�WKH�PDQ\�XVHV�RI �FOHPHQWLQHV�
6HFRQG� WKDQN�\RX�WR�DOO�WKH�SDUWLFLSDQWV�LQ�P\�VWXGLHV� IRU�OHWWLQJ�PH�ERUURZ�VRPH�RI �\RXU�WLPH�
:LWKRXW�\RX� WKHUH�ZRXOG�KDYH�EHHQ�QR�UHVHDUFK�

7KDQNV�DOVR�JRHV�WR�9ROYR�&DUV�6ZHGHQ� ZKR�DOORZHG�PH�DFFHVV�WR�WKH�(XUR)27 GDWDEDVH�
DQG�SURYLGHG�H[WHQVLYH�LQSXW�WR�P\�VLPXODWRU�VWXG\��DV�ZHOO�DV�KHOSHG�PH�OHDUQ�0DW/DE�� 0DWV
3HWWHUVVRQ� 6HUJHMV�'RPEURYVNLV� )UHGULN�/XQGKROP� -RUGDQND�.RYDFHYD�DQG�FROOHDJXHV� , DOVR
DSSUHFLDWH�WKH�KHOS�SURYLGHG�IURP�97, LQ�VHWWLQJ�XS�WKH�VLPXODWRU�VWXG\� DQG�DOORZLQJ�PH�WR�VLW
LQ�/LQN|SLQJ�ZLWK�\RX�GXULQJ�P\�ZULWH�XS�

7KLV�WKHVLV�ZRXOG�QRW�KDYH�EHHQ�FRPSOHWHG�ZLWKRXW�P\�VXSHUYLVRUV�HLWKHU� , DP�HVSHFLDOO\
JUDWHIXO�IRU�'U�.DWMD�.LUFKHU�DW�97, DJUHHLQJ�WR�EH�P\�FR�VXSHUYLVRU� IRU�KHU�KDUVK�DQG�FRQ�
VWUXFWLYH�FULWLFLVP�WKDW�KDV�SXVKHG�PH�IXUWKHU�WKDQ�, FRXOG�KDYH�JRQH�P\VHOI� , DOVR�DSSUHFLDWH
WKH�IDFW�VKH�EHOLHYHV�LQ�P\�LGHDV� EH�WKH\�UHVHDUFK�UHODWHG�RU�MXVW�SKRWRJUDSKLQJ�D�WR\�FDU�LQ�DQ
DJDU�MHOOR�EUDLQ�IRU�P\�FRYHU�LPDJH� +HU�VHQVH�RI �KXPRXU�KDV�DOVR�KHOSHG���WDNLQJ�RQHVHOI �WRR
VHULRXVO\�LV�D�KD]DUG�ZKHQ�GRLQJ�D�3K'��7KDQNV�DOVR�JRHV�WR�'U�cVH�6YHQVVRQ� IRU�JXLGLQJ�PH
WKH�ILQDO�\HDU�JHWWLQJ�WR�P\�GHIHQVH� 7R�3URIHVVRU�$QGUiV�9iUKHO\L�IRU�DOO� WKH�EDG�MRNHV�DQG
IRU�LQWURGXFLQJ�PH�WR�WKH�ZRQGHUIXO�ZRUOG�RI �(8 UHVHDUFK�SURMHFWV�DQG�KRZ�WR�ZRUN�LQ�DQG



/DUVVRQ���$XWRPDWLRQ�DQG�WKH�QDWXUH�RI �GULYLQJ

ZLWK�WKHP� VRPHWKLQJ�, WUHDVXUH�DQG�VLQFHUHO\�KRSH�WR�UHWXUQ�WR�VRPH�GD\� $OVR� 3URIHVVRU�6LG�
QH\�'HNNHU� IRU�EURDGHQLQJ�P\�NQRZOHGJH�LQ�V\VWHPV�VDIHW\��DQG�LQ�WKH�GDQJHUV�RI �QRUPDWLYH
WKLQNLQJ��LQ�KLV�YHU\�VWLPXODWLQJ�MRXUQDO�FOXE�DW�WKH�'HSDUWPHQW�RI �)LUH�6DIHW\�(QJLQHHULQJ�DQG
6\VWHPV�6DIHW\�

, DP�DOVR�YHU\�JUDWHIXO�IRU�KDYLQJ�EHHQ�SDUW�RI �WKH�6ZHGLVK�,76 SRVWJUDGXDWH�VFKRRO�GXULQJ
WKHVH�ILYH�\HDUV���ZLWKRXW�\RX� WKLV�ZRXOG�QRW�KDYH�EHHQ�HYHQ�FORVH�WR�DV�PXFK�IXQ�DV�LW�KDV�
)URP�WKH�GLVFXVVLRQV� GLQQHUV�DQG�ODWH�QLJKWV��HDUO\�PRUQLQJV"� LQ�RXU�YDULRXV�FLWLHV� WR�JHWWLQJ
LQWURGXFHG�WR�WKH�LQWHUQDWLRQDO�,76 FRPPXQLW\� LW�KDV�EHHQ�D�SULYLOHJH�DQG�D�SOHDVXUH�

/DVWO\� P\� IULHQGV� IRU�EHLQJ� WKHUH� WR�VKDUH� WKH�XSV�DQG�GRZQV�UHJDUGOHVV�RI � WKH�FLW\� �RU
FRXQWU\��\RX�UHVLGH�LQ� ,Q�SDUWLFXODU� P\�IHOORZ�FRJVFL�3K' VWXGHQWV�(ULN�3U\W]�DQG�,GD�/LQGJUHQ
IRU�XQGHUVWDQGLQJ�P\�YLHZSRLQW�ZKHQ�IHZ�RWKHUV�GLG��DQG�GR�� NHHSLQJ�PH�VDQH�NQRZLQJ�WKDW�,
DP�QRW�DORQH�LQ�P\�ZD\�RI �WKLQNLQJ� 7KDQN�\RX�IRU�EHLQJ�WKHUH�WR�GLVFXVV�HYHU\WKLQJ�WR�GR�ZLWK
UHVHDUFK� DV�ZHOO�DV�HYHU\WKLQJ�HOVH� 7R�WKH�UHVW�RI �P\�IULHQGV� WKDQN�\RX�IRU�DFWLQJ�DV�VRXQGLQJ
ERDUGV�GHVSLWH�QRW�UHDOO\�XQGHUVWDQGLQJ�ZKDW�, KDYH�EHHQ�GRLQJ�RU�ZK\� DQG�IRU�SURYLGLQJ�PXFK�
QHHGHG�GLVWUDFWLRQ�

:LWKRXW�DOO�RI �\RX� , GRQ·W�NQRZ�ZKDW�,·G�GRQH� :LWK�\RXU�KHOS��DQG�SRPRGRURV�� ,·P�ILQDOO\�
ILQDOO\� ILQLVKLQJ�WKLV�

/LQN|SLQJ� ��6HSWHPEHU�����

��



$SSHQGL[���4XHVWLRQQDLUH�IRU�6WXG\�,





If you have any questions or anything to add, please call or email:

xxxxx.xxxxxxxx@xxx.xxx.xx

TRANSLATION TO ENGLISH FROM THE SWEDISH ORIGINAL

Questionnaire for car owners with adaptive cruise control

Our research group at  Lund University is conducting a research project on driver support  systems 
in cars. The reason you have received this letter is that  many people who have the same car model 
as you have chosen adaptive cruise control, ACC for your vehicle. Adaptive cruise control keeps 
both the set speed and the distance to the vehicle in front. The study is about adaptive cruise 
control, so only car owners with this system need to answer the questions. If you do not have this 
system in your car, we would like to thank you for your time!
The aim of the study is to determine how adaptive cruise control (ACC) is being used today, and 
in what ways the system can be improved to create a safer traffic environment  for all. We would 
be grateful if you could spare a few minutes of your time to answer this questionnaire. Active 
driver support systems are still quite rare, making your views especially important. All the data 
collected will be treated anonymously, and will not be possible to connect to you personally. 

The questionnaire is only intended for car owners with adaptive cruise control in their vehicles. 
If you do not have this system in your car, we thank you for having read this; you do not need to 
send us the questionnaire.
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TRANSLATION TO ENGLISH FROM THE SWEDISH ORIGINAL

If no/don’t know, thank you for your time; you do not need to send us the questionnaire!

If yes, go to the next question!

�

�
Proceed to question 4!

Proceed to the next question!
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