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-1. §|O|E{ &

1. AV W A1 G|O|E| - Collision Report

= DMV USE ONLY SECTION 3 — OTHER PARTY'S INFORMATION/VEHICLE 2 ITEMS MARKED BELOW FOLLOWED BY AN ASTERISK () SHOULD BE EXPLAINED IN THE NARRATIVE
(RT LA
u WEATHER VEH [ WEH MOVEMENT PRECEDING VEH | VEH | OTHER ASSOCIATED FACTOR(s)

A Putdc Sarvice Agency REPORT OF TRAFFIC COLLISION INVOLVING e T ”"’I':'_ (MARE 1 o 2 TEMES) 1 2 COLLISION 1 2 {MARS ALL APPLICABLE]

AN AUTONOMOUS VEHICLE T d e A CLEAR X | X [ sTopreD A. CVC SECTIONS VIOLATED
cA B. CLOUDY B. PROCEEDING STRAIGHT X X CITED

Instructions: Please print within the spaces and boxes on this form. If you need to provide additional information on Vehicle El Maving Involved in LI Pedestrian R — C. RAINING C. RAN OFF ROAD Llves

a separate piece of paper(s) or you include a copy of any law enforcement agency report, please check the box to L] D Stopped in Traffic _the Accident: [ Bicyciist L] Other = . . = L1 no

indicate “Additional Information Attached.” RTVRTCRIFALL HASRR g MU AT PRITR LERSE e o e D. SNOWING D. MAKING RIGHT TURN

*  Write unk {for unknown) or none in any space or box when you do not have the information on the other party invohved. FELFARCE COMPANY AU TF SLRETY COMPANY AT TRAE OF ALCIDENT POLCY WOUBER E. FOGVISIBILITY E. MAKING LEFT TURN

+ (Give insurance information that is complete and which corectty and fufly identifies the company that issued the insurance F. OTHER F. MAKING U TURN B. VISION OBSCUREMENT [
policy or suraty bond, or whether there is a certificate of self-insurance. CRPRRY FAIE W TR FoLICY PERICE . :|

G. WIND G. BACKING .

+ Place the National Asscciation of Insurance Commissioners (NAIC) number for your Insurance or Surety Company in the FR ™ C. INATTENTION —
boxes provided. The NAIC number should be located on the proof of insurance provided by you company or you can contact 1 Additional information attached. LIGHTING H. BLOWINGSTOPPING D. STOP & GO TRAFFIC (m|
your imurerfor thet information. A DAYLIGHT M | ¥ |1 PASSING OTHER VEHICLE E ENTERING AN =

+  ldentify any person involved in the accident (driver, passenger, bicyclist, pedestrian, etc) that you saw was injured or complained SECTION 4 — INJURY/DEATH, PROPERTY DAMAGE RAMP p—y
of bodily injury or know to be deceased. = 1= asm B. DUSK - DAWN J. CHANGING LANES F. PREVIOUS COLLISION | m|

*  Record in the PROPERTY DAMAGE line any damage fo telephone poles, fences, street signs, guard post, trees, lvestock, —_— — — e C. DARK -STREET LIGHTS K. PARKING MANUEVER . UNFAMILIAR WITH RoAD L
dogs, buildings, parked vehicles, etc.. including a description of the damage. oA . DARK - NO STREET L ENTERNIE TRAFFIC H. DEFECTIVE WEH EQLIP

+  Once you have completed this report, please: mail to: Depariment of Modor Viehicles, Occupational Licensing Branch, PO LIGHTS orTED
Box 832342, MS: L224, Sacramento, CA 04232-3420 CHECK ALL THAT APPLY [ Injured  [J Deceased [ Driver  [J Passenger [ Bicyclist [ Property £ DARK-STREET LIGHTS L OTHER UNSAFE TURMING S

TR ST, WABLE AT m

SECTION 1 — MANUFACTURER'S INFORMATION ROADWAY SURFACE M. XING INTO OPPOSING LANE i No

RN ACTURERS NAME Swmu— ot ":"\ Pro A DRY * X |o.PARKED 1. UNINVOLVED VEHICLE ||

::h;:;; B s = Do = o — = B.WET P MERGING 1. OTHER® ]

— CHECK ALL THAT APPLY Injured Deceased Drriver Passenger Bicyclist L Property C. SNOWY - ICY 0. TRAVELING WRONG WAY (. NONE AEPARENT =]

STREET ACCRESS Ty STATE TP coot PROPRATY DANACR D. SLIPPERY (MUDDY, N

oIy, E,C_; R. OTHER' L. RUNAWAY VEHICLE m|
FRGPERTY CAMERTS FAMIE [TELEPFNE FATER

SECTION 2 — ACCIDENT INFORMATION/VEHICLE 1 ‘) by o e H TYPE OF COLLISION

M OF ACCEERT WERELE TEAR Fc s = o — A HOLES, DEEF RUT* A.HEAD-ON

11D i Chevrolet B. LODSE MATERIAL ON

ALz IO INEATION FamER TRESE FARE r:J.mu;r VR ALY B. SIDE SWIPE

— — REETACERESE g E S e oN an C. REAR END X
1170 Cohmbus Av San Francisco San Francisco [~ [ consTRUCTION -
= free D. BROADSIDE

Vehicle El Moving Involved in 8 Pedestrian 5 prmEm— t’ "“"TJ" e - ::;ﬁ'C“EZDC‘"E —

was: L) Stoppedin Traffic __the Accident: |_] Bicyclist Otier z )

RIVERE FLLLWAE MST, MIDDLE, LAST] THTVEN LICENSE R Gr e [T 53 [ro— WIDTH E- HITOBJECT

cA (E F. FLOODED" F. OVERTURNED
TR COMPRTY T T SRETY CCRPRT AT TRIE OF ACTIOENT TR WS it
] Additional information attached. &. OTHER" &. VEHICLE/PEDESTRIAN
CONPANT MAIC NWDER POLICY PERICO SECTION 5 — ACCIDENT DETAILS - DESCRIPTION H. NO UNUSUAL % % |H.oTHER®
FROM TO CONDITIONS
- E] Autonomous Mode [l Conventional Mode
Describe Vehicle Damage Shade in Damaged Area Ac bicl ;
L ruise aulonomous velucle (“Cru
0 5 0 o O B S oY the intersection with Ja d down. The d ed from e
autonomous mode and, sh her ¢ Cruise AV e contse " " Californi —
UNK NONE MINOR .u.||. Tu L : | ||.I _|| artly LI_ e A 1 (.ru. EEy i L& A |? nl. !mll.u 1 (or declare) under penalty of perjury the laws of the State of that the fore is true snd
D MOD D MAJOR i B 1 the rzr b t of the Crnse AV . There were cene by erther party and polsce were not called. Both of the Cruise certify going
y - . AV test operators |z e neck and shou enrract
I further certify that ! am the authorized Administrator of the program for the above named employer.
el - el Y TR AT PSSR T A R T T
Kevin Chu, Director AV Robotics

ST EeTE Seen
X 02062020

L1 Additional information attached.

OL 2% (FEV. 23017) WAw OL 2% (REV. 220i7) 'WWew OL3%E PRV 2T017) WAW
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3-1. OjO| & 27|

2. AV H|0{H O|0|E| - Disengagement Report

<Table 1> Example of DMV Disengagement Reports

Category Contents
Manufacturer AIMOTIVE INC.
Permit Number AVTO36
Date 2021.12.06. 10:39:23
Vin Number 4TIB21HK6KUS514747
Vehicle Is Capable of Operating Without A Driver No (Yes or No)
Driver Present Yes (Yes or No)

Disengagement Initiated By

Test driver (AV System, Remote Operator, or Passenger)

Disengagement Location

Freeway (Interstate, Highway, Rural Road, Street, or Parking Facility)

Description of Facts Causing Disengagement

During the lane change, the test vehicle could have got too close to another
vehicle in the target lane. Root cause: object detection issue. Conditions:
Non-inclement weather, dry roads, no other factors involved.

23
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2. AV H|0{H O|0|E| - Disengagement Report
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AV Wl SAtD H|O[E

* Analysis of Accident Types Invalving AVs
Analysis of AV Accident Characteristics ——

DMV AV Driving Dataset Development of
AUTONDMOUS Vehicle Collision Repars Lv 4+ AV Test Scenarios
Disengagement Repoarts = Lhilizng & Fundamental Data

#  Analysis of Causes for AV Disengagementis
Analysis of Perceptual Blind Scenarios in AW

Analysis of Descriptions for AV Disengagements
<Fig. 1> Research Framework
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Analysis of Accident Types Invalving AVs
Analysis of AV Accident Characteristics ——

DMV AV Driving Dataset Development of
AuONDmMous Vehicle Collision Repars Lv 4+ AV Test Scenarios
Disengagement Repoarts = Lhilizng & Fundamental Data

Analysis of Causes for AV Disengagements
Analysis of Perceptual Blind Scenarios in AW

Analysisjol Descriptions for AV Disengagements

<Fig. 1> Research Framework
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Vehicle-to-Vehicle Vehicle-to-Cycle

Vehicle-to-Person Vehicle-Alone

One-Way Single Lane Head-On Collision
Case 1 Case 2 Case 3 Case 4 Case 9
g' S 2 s
= <= = z
& 2 =
Case 5 Case 6 Casa 7 Case 8
- F ] P—"
- _ g L =i
5 - 4 v -
. - ](Q,. ,”,-.I
One-Way Multi-Lane Passing the Intersection
) Autonomous vehicle Human-driven vehicle

<Fig. 2> Categories of AV Accident Types

‘Case 2' : AV7 YLBIXIEFS
‘Case 3': LHIXtEFO| 2 XIS AVE
%

‘Case 4' : AV7} 2 IS0 LEEXEEF
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Vehicle-to-Vehicle Vehicle-to-Cycle Vehicle-to-Person Vehicle-Alone -O o
L_
7 % ‘Case 5': LEIXHEO[ AVZE Q= K22
One-Way Single Lane Head-On Collision
Case 1 Case 2 Case 3 Case 4 Case 9 Xl‘i E 7C:)I % —jIQ—%
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= = —
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Case 5 Case 6 Casa 7 Case 8
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One-Way Multi-Lane Passing the Intersection
™) Autonomous vehicle s Human-driven vehicle

<Fig. 2> Categories of AV Accident Types
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Vehicle-to-Vehicle Vehicle-to-Cycle

Vehicle-to-Person Vehicle-Alone

One-Way Single Lane Head-On Collision
Case 1 Case 2 Case 3 Case 4 Case 9
2 T £ z
- »
™~ -~ =
& 2 =
Case 5 Case 6 Casa 7 Case 8
< N —
. B
- v -
One-Way Multi-Lane Passing the Intersection
) Autonomous vehicle Human-driven vehicle

<Fig.

2> Categories of AV Accident Types
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‘Case 10’ : 7|Ef &
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Primary Classification
based o main bEpwords

Secondary Classification
Liontrol from Par-aphnn
Efreirnstsn | Reiparne Al Perepion
f:' t4- Pla . P D .
s LF ‘ cls # | FERpeon Yy | - F'-l:r-::ptual Bllm:l Scenario fnalysis
: | al oo [efismng
Dk A Dﬁ-ﬂﬂ'gﬂg'ﬂlﬂ'ﬂ'lt Darta Perg sgrtcnm | Mipercephion J
Harckwane | Parcepbon Derlaiency |
Sysbermn o Sofmare Linsdenirhed Causes [
Pelap and Posiicn

<Fig. 3= Classification of AV Disengagement Causes and Analysis of Blind Area Scenarios
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<Fig, 4> Rates for Different Types of AV Accidents (Primary Classification
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<Fig, 4> Rates for Different Types of AV Accidents (Primary Classification
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4-1. AV 1 SAtD HE| 2M A

AVel 2REXHEC| RICHXAL DO TSt MR At &

Case 1

Casa 2

Case 3

Case 4

Case 5

Case &

Case 7

Case 8

Case 9

Caze 10

24

I R

L LN

l 1.29
T G35

I T
I ©.

B 043
I G 7

. 25
I 1 73

.29
. 82

I 7.
. 3

0

I 405

I
R S

W 086
- 1.16

AV Accident Rate (%)

B Auto = Manual

2t B ¥ ALD HIE 20 S Y4 HAERY HIAE)

Ll o{& o] M| = ™ (Pearson Chi-Sqare Teset)

oM ™& HH (Fishers's Exact Test) (EE %= 5 0|5}2] A 2)
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4-1. AV L EAID HHE] 2 A}

AW VIV Aluto mode blanual Mode I
. |:|"""i:"-"EI 1 11 11 I 1 I 11 I
Accident | Cage # | Rate (%) | Case # | Rate (%) Casel’, 'Case?2’, 'Case4d’, 'Case5’, ‘Case7’, 'Case8
Case 156G Ga.24 TO HA5.05 Ca0
| | . SH - = =| EAMO=Z

Case A 1 1249 11 e fa D0 Xl‘ o E O“ |I|- Al‘ IEjl- 7:”

Cass 3 15 5465 14 409 wolojzt Xt0|7}F */UZ (p < 0.05)

Case 4 1 043 10 .

Case 5 21 Q.05 30 1734

Lase 6 | 3 128 | 5 289 295

Case T 17 r | = | 2.1 0a2%

Case 8 il 0 7 4 5 Qa2

Case § 14 E07 12 G54 2714
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<Table 2= Results of Primary Classfication for Disengagement Causes

Category Number of Types Total Cases Rate (%) Description
Planmine 96 3784 3631 Inappropriate n:nutf_: Elanning, ImcoTTect
- predictions
System and software 98 3224 1333 sensor data errors, algorthmic flaws
Control 161 3,159 13.06 motion control issues, controller mismartch
Map and position 38 2 844 1176 onboard map lﬂ_[‘l'.'I]'I.‘iE[Enlf.‘]e:i, GPS location
Maccuracies
interfs from s nding vehicle
Environment 05 2647 1094 s THOTH SUPOHIIS TEREES
unexpected traffic situations
Perception 285 1,890 7.81 recognition emors, perception mismatches
Hardware 3l 1,642 6.79 hardware performance issues, component loss
Total 1414 24,190 100.00
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<Table 2= Results of Primary Classfication for Disengagement Causes

Category Number of Types Total Cases Rate (%) Description
Planine 96 8784 %31 inappropriate route planning, mcorrect
- i ' predictions
System and software 98 3224 1333 sensor data errors, algorthmic flaws
Control 161 3,159 13.06 motion control issues, controller mismartch
Map and position ” 2 844 1176 onboard map lﬂ_[‘l'.'I]L‘iE[Enlf.‘]e:i, GPS location
Mmaccuracies
interfs from nding vehicle
Environment 25 2,647 1094 (INCricToe T SToundmp vetneks,

recognition emors, perception mismatches
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<Table 3> Results of Secondary Classification for Perception-Related Disengagement Causes

S Ael &4

£t

Category Number of Types Total Cases Rate (%)
Response After Perception 16 261 13.51
Perception Susscess Perception Delay 13 14 0.74
Misperception 63 236 12.49
Perception Failure Perception Deficiency 58 143 157
Unidentified Causes 135 1,236 65.40
Total (Perception-related) 285 1,890 100,00
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<Table 4> Results of Types and Spedfic Cases for Blind Araas
Types of Perception Shades Specific Case Description

Disengagement after failing to detect a construction site outside the perception range, including

waming signs and traffic cones

Object beyond sensor Disengagement after failing to detect a vehicle rapidly entering the intersection from outside the
or detection range sensor's field of view, violating the traffic signal

Disengagement when a pedestrian or bicycle suddenly entered the sensor's field of view while
making a right tum at an intersection

- MM AJOF EE= AVZ} QX[ = Q= el 2 S| =X E AXISHK] 2ot 2
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Types of Perception Shades

Specific Case Description

Field of view occlusions

Disengagement due to failure to detect vehicles in the blind spots created by traffic congestion

Disengagement when pedestrians or other objects were not detected due to the field of view being
obsiructed by parked vehicles

Disengagement upon failure to detect an oncoming speeding vehicle from an occlusion

Disengagement when a large truck passing through an intersection obscured all traffic lights at
once, preventing the AV from detecting the signals

Camera or sensor impairments
due to direct impacts

Disengagement due to the camera failing to detect the traffic lights because of accumulated dust

Disengagement when a tree shadow blocked the view of the forward-facing camera

Disengagement due to a perception error caused by the sun obstructing the camera’s view

- ZHO 20| AV A|OFE X}Etsto] H|M (occlusion) O] s AL
- 7HH|2F EE= MAMof X FEEQl SFe = Qx| 530| XolE F4%
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