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WAYMO 

Rodney Aoki, Manager January 5, 2017 
Department of Motor Vehicles 
Licensing and Operations Division 

2415 1st Ave. Mail Station S441 

Sacramento , CA 95818-2806 

Re: Correction Pages for Vehicle Disengagement Report 

Dear Mr. Aoki: 

Enclosed please find a revision to our December 2016 Autonomous Vehicle 

Disengagement Report. Pages 12 and 13 (part of Appendix B of the report) have been 

rev ised to correct the last 4 digits of the Vehicle Identification Numbers (VINs) for some 

vehicles referenced in the tables of that Append ix. 

Please note that these technical corrections do not change any of the data reported in 
!hose tables or any other data or information included in our report. 

Please let us know if you have any questions regarding these corrections. 

~ incerely, 

f::M~ 
Director of Safety 
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Introduction 
----------tJn-8eeemeer-1--~2:846-we-aAflettAeed-tiTaHI9e-Gee~le-Self·dFivi~r-Pre-jeet-wottld---beeome-fts-own----------­

company , Waymo , which includes Google Auto LLC as a subsidiary. In accordance with regulations issued 

by the California Department of Motor Vehicles (DMV), Waymo submits this report of disengagements from 

autonomous mode that have occurred when operating its self-driving cars (SDCs) on public roads in 
California. In accordance with the DMV rule 1 th is report covers the period from December 1, 2015 through 
November 30, 2016 . 

As of the end of November, Waymo had operated its self-driving cars in autonomous mode for more than 
2.3 million miles . Of those , 635,868 miles occurred on public roads in California during the period covered 
by this report-- with the vast majority on surface streets in the typical suburban city environment of Mountain 
View, CA and neighboring communities. Th is marks a 50 percent increase in total autonomous miles within 
California compared to the prior reporting period (which was two months longer than this reporting period) . 

Disengagements are a natural part of the testing process that allow our engineers to expand the software' s 

capabilities and identify areas of improvement. During testing our objective is not to minimize 

disengagements ; rather , it is to gather, while operating safely, as much data as possible to enable us to 
improve our self-driving system. Therefore , we set disengagement thresholds conservatively, and each is 
carefully recorded . We have an evaluation process in which we identify disengagements that may have 

safety significance. 

In 2016 , we experienced a reduction of 75 % in our disengagement rate , from 0.8 per thousand miles of 
autonomous driving in the previous period to 0.2 disengagements in the current period . Table 1 shows 

comparative data from the two periods. Figure A illustrates the year-to-year change in disengagement rates. 

Table 1: Comparison of Reporting Year Data 

Reporting Year 
I -···----·-·--··--···-·····-·····---·---- ·- ·-·-····-· 
! Autonomous miles on public roads . 

424,331 635,868 
1 in California 

124Reportable disengage's 341 

Disengagements per 1,000 miles 0.80 0.20 

1 Section 227.46 of Article 3.7 (Autonomous Vehicles) of Title 13 , Division 1, Chapter 1, California Code of 
Regulations . 



Figure A: Reportable disengagements 


per 1,000 autonomous miles , by reporting year 
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Th e OMV ru le defines disengagements as deactivations of the autonomous mode in two situations: (1) 

"when a failure of the autonomous technology is detected, " or (2) "when the safe opera tion of the vehicle 

requires that the autonomous vehicle test driver disengage the autonomous mode and take immediate 

manual control of the vehicle. " In adopting this definition , the OMV noted : "This clarification is necessary to 
ensu re that manufacturers are not reporting eac h common or routine disengagement."2 

As part of testing , our ca rs switch in and out of autonomous mode many times a day. Th ese 
disengagements number in the many thousands on an annual basis though the vast majority are considered 
routin e and not relat ed to safety. Safety is our highest priority and Waymo test drivers are trained to take 
manual control in a multitude of situations, not only when safe operation "requires " that they do so. Our 
drivers err on the side of caution and take manual control if they have any doub t about the safety of 

continuing in autonomous mode (fo r example, due to the behavior of the SOC or any other vehicle, 

pedestrian , or cyclist nearby), or in .situations where other concerns may warra nt manual control, such as 

improving ride comfort or smoothing traffic flow. Similarly, the SOC's computer hands over control to th e 
driver in many situations that do not involve a "failure of the autonomous technology" and do not require an 
immediate takeover of control by the driver. We explain more in each relevant section below. 

Failu re of the Autonomous Technology Detected 
In events whe re the software has detected a technology "failure"-- i.e., an issue with the auto nomous 
technology that may affect the safe operation of the vehicle --the SOC w ill immediately hand over control to 

2 OMV's Final Statement of Reasons at page 2. 
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the driver; we categorize these as "immediate manual control" disengagements. In these cases, the test 

driver is given a distinct audio and visual signal , indicating that immediate takeover is required. 3 

------~tmrmrdtatelrranrralcontrol'~ctrs·eng·a-g-em·enrthres-h-otcts-are-s·et-culls-avatively:-:Oars-elr-ctrivln-g-sy-ste1111.,......,....s- - ----- ­

thousands of checks on itself every second. Immediate manual control disengagements are triggered 

primarily when we detect a communication failure between the primary and secondary (back-up) self-driving 

systems (for example , a broken wire); when we detect anomalies in sensor readings related to our 

acceleration or position in the world (accelerometers or GPS); or when we detect anomalies in the 

monitoring of key functions like steering and braking. 

The rate of this category of disengagements has declined from 0.64 per thousand miles to 0.07, 

representing an 89% reduction . 

Figure B: Immediate manual control disengagements 

per 1,000 autonomous miles, by reporting year 
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Disengagements Where Safe Operation Requires Control by the 

Driver 
Our test drivers play an important role in refining our technology and ensuring the safe operation of the 

vehicles while we are in this development phase . They are directed to take control of the vehicle as often as 

they feel is necessary and for a variety of reasons relating to the comfort of the ride , the safety of the 

vehicle, or the erratic or unpredictable behavior of other road users . 

3 During this testing phase of the software, our SOC hands over control to test drivers on many other 
occasions that are not "failures" of the autonomous technology. As we calibrate our software and hardware , 
we closely monitor its performance and alert our drivers and engineers to any minor anomalies. 
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Each time a test driver uses his or her discretion and takes manual control of the vehicle , our system 

automatically records the circumstances leading up to the disengagement from autonomous mode and flags 
- -----·t"'he"'m""for rev1ew Dyl~flTSTFfformauon, along w1th feea5aCk g1ven DylfieteSfel""n"'v"'e'r,"ls""u""se""'________ 

to evaluate the software for any potential safety issues or areas of improvement, such as making our 
self-driving car drive more smoothly. 

To help evaluate the safety significance of driver disengagements, we employ a powerful simulator program 

-developed in-house by our engineers- that allows the team to "replay" each incident and predict the 
behavior of the self-driving car (had the driver not taken control of it) as well as the behavior and positions of 

other road users in the vicinity (such as pedestrians, cyclists, and other vehicles). The simulator can also 
create thousands of variations on that core event so we can evaluate what would have happened under 

slightly different circumstances, such as our vehicle and other road users moving at different times , speeds, 
and angle.s. Through this process we can determine the events that have safety significance and should 
receive prompt and thorough attention from our engineers in resolving them. The rate of this category of 

disengagements declined from 0.16 disengagements per thousand miles to 0.13 , representing a 19% 

reduction. 

Figure C: Safe operation disengagements 


per 1,000 autonomous miles, by reporting year 
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Our engineers carefully study each event and , to the extent necessary, refine the software to ensure the 

self-driving car performs safely. A software enhancement is tested against many miles of simulated driving, 
then tested on the road , and, after careful review and validation, rolled out to the entire fleet. 
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Summary of All Reportable Disengagements 
---------''fable--2-summarizes-alh:lisengagemenis-required--to-be-rep-orted--toihe-BM'It;i:"e-:-;-bath--tiTosewhere-aiailuJ;a-------­

ofthe autonomous technology was detected and those involving drivers taking control when required for 
safe operation . Appendix A shows a brief description of each reportable disengagement. 

Table 2: All Reportable Disengagements 

Jan 2016 
------· ­ - ·-·---­ ·­ ---~-~,·----

Feb 2016 19,869.8 ! 
-····· ··· - · ·· ·-··-····-~ 

Mar 2016 7 27,452.9 i 

Apr 2016 6 38,898.1 

May 2016 , 10 59,489.0 

Jun 2016 i 
I 

Jul 2016 1 

9 

24 

53,475.4 ! 
....-~...~...... ~·---· 

74,345.8 ! 
I 

Aug 2016 
1 

17 83,704.9 

Sep 2016 

Oct 2016 

Nov 2016 

12 j 

15 

9 

72,765.1 

72,064 .8 

56 ,334.2 

Total 124 635,867.9 

Table 3, below, provides the breakdown of disengagements by cause. Note that, while we have used, 
where applicable, the causes mentioned in the DMV rule (weather conditions, road surface conditions , 

construction , emergencies , accidents or collisions) , those causes were infrequent in our experience. Far 
more frequent were the additional causes we have labe led as unwanted maneuver, perception discrepancy, 
software discrepancy , hardware discrepancy , incorrect behav ior prediction , or other road users behaving 

recklessly . 
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Table 3: Disengagements by Cause 

:weather conditions 

during testing 1 ' o. 
I 

o' o i o· 0 0 0 0 0 1 i 

, disengage for a 

recklessly behaving 

road user Oi 0 
I

1 ' 0 0 2 0 2 ,. 2 10 

disengage for 

unw anted maneuver 
i 

of the vehicle o i 2 4 0 10 5 • 1 j 30 

disengage for a 

; perception 
i 

discrepancy Oi 3 . 1! 2 ' 2 ' 3 20 ! 

i disengage for 

Iincorrect behavior 

.pred iction of other I 
•traffic participants 0 0 0 6 

d isengage for a 

7 : 8 i 5 ! 51.software discrepancy 0 2 . 8 8 
------ ­ ~+----~-+-------'----! 
disengage for ! 

.const ruction zone 
I I 

.during testing Oi 0 o i 0 Q : 1 ' 0 o: 1 ; 0 o l 2 
l i 

· disengage for 
: 

, emergency vehic le 
2 i :during testing 0 o · 0 Q t 0 : o : 0 0 0 0 0 2 

disengage for debris ! 
in the roadway 0 o l 0 0 0 0 0 2 0 a . 0 0 2 

Total 2 6 7 7 6 10 24 17 1 12 i 15 9 124 

In its listing of possible disengagement causes, the DMV rule asks each manufacturer to state "whether the 

disengagement was the result of a planned test of the autonomous vehicle ." All the disengagements 

reported here occurred during planned testing of the SDCs. 
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Table 4 , below, provides information on the location of disengagements covered in this report. 

Table 4: Disengagements b y Location 

0 0 0 0 0 0 0 0 

0 0 . 0 4 0 ' 0 
I 

------~~·-~---···-·-· 

6 6 . 6 6 6 g i 16 11 15 8 

6 7 7 6 10 I 9 • 17 12 j 15 9 ; 

0 

12 

112 : 

124 : 

Miles Driven by Autonomous Vehicles 

The majority of miles driven by our test vehicles are in autonomous mode. In the current reporting period, 
our fleet of SDCs travelled 635 ,868 mi les autonomous ly and 134,047 miles in manual mode . Appendix B 

shows the number of miles each of the SDCs was tested in autonomous mode on public roads each month, 

as required by the DMV ru le. 

Time Between Technology Failure and Driver Assumption of Control 
The DMV ru le requires that our report include in our summary of disengagements the "period of time 

elapsed from when the autonomous veh icle test driver was alerted of the technology fai lure and the drive r 

assumed manual control of the v~hicle." This requirement is relevant only to the "technology failure" 

category of disengagements when the vehicle hands over control to the driver for immediate action. 
Appendix A shows this elapsed time fo r each disengagement where the data are available. In the vast 

majority of cases, the driver took control in one second or less after the immediate manual contro l message 
was received . The ave rage time of all measurab le events was 0.90 seconds. 
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Appendix A 

_ ________________:; u;_:._::c:.mary_ of Each Reportable Disengag'-'emen_t-'-----------------­S_:. m::...:...:..c__ __ 

Dec 2015 Street Safe Operation Disengage for weather cond itions during testing 
.--·--------·---+---·-·----·--··--'----·-·-·-·---·----------·-·""'"''"-··-l·--···---·-·--·· ·---------·---..---·----·------------------·----·--------··--- ­

: Disengage for incorrect behavior prediction of 
· Jan 2016 j Street ; Safe Operation · - !other traffic participants · 
-~---·-·--.---t-·---·-·-;--·---------·1-----·--·- ··:------·--------------------- ----------- ·-----

Jan 2016 l Street Safe Operation ,Disengage for unwanted maneuver of the vehicle 
-··-------------1..-~----------~~---~~---.---~~--------:-·---------....C--·--·------------~--------------------------------~ 

Jan 2016 i Street Safe Operation ! •Disengage for unwanted maneuver of the vehicle 
'------: ------.----------._____j___ --·--------------------·· 

: Jan 2016 j Street i Safe Operation j - iDisengage for a perception discrepancy , 
--------~r----------t----------------------------~---·-------:-------------- ------- ---------------------------------------------; 

Jan 2016 1 Street : Safe Operation i : Disengage for a perception discrepancy 

-·;-~-2o16 j. StreetT. Saf~O~-~-r-~tio~~:--:_-----t·oi~en~;;ge fo;·;;~·;rception 'di·~-~re~~~~;------------. 
·-----··-·--·-··l-·-···----..l----·---·-···-----·------•--.···-----·--·----------------···-"·-----·-------..--..--...--··--·-------···-"' 
Feb 2016 I Street _, Safe Operation Disengage for unwanted maneuver of the vehicle · 

Feb 2016 j Street Safe Operation Disengage for a recklessly behaving road user 

· FebZ 016 l Street , Safe 0~-eration ;-------·-·"O~enga;-for unwante~~~eu~e-;· clth~ vehi~le __.....; 
-·-· ____,_____+-_.,____ ·--- --~------·----- ........------"-·"................}._______________.. __.................- ...-------------·..-----........... --.----..--.--.. ' 

Feb 2016 j Street : Safe Operation i - : Disengage for a perception discrepancy 
'---~----;--------~--:-~-----~~-------:-------+----~----------------~------~------------~_; 

' Feb 2016 ! Street Safe Operation , Disengage for unwanted maneuver of the vehicle 

: Feb 2016.. J Hi;hwa-~--~Saf~-Op~ratio~---~---------:·Dis~~;agefo;~~~~~ted..-;;;-aneuv~~- ~f-th~-~;hicle----, 
' ' - ·---~---------------- --~---------------.-

Feb 2016 ! Street i Safe Operation ; - i Disengage for a software discrepancy : 
-·-------t·-·-----,----------~---------...;.--------------------~------------------: 

: Mar 2016 l Street i Safe Operation l - !Disengage for a perception discrepancy ' 
------~--~-~--.l..----------------------{..----------;_______________~------------------------------------·--

. Mar 2016 j Street ; Safe Operation i 1 Disengage for emergency vehicle during testing 
-........ __....._
~-....~---~--+-----...--......... -~ .......... ·~-~----.............-.--... _...__....,_.... "-' ......,.__t_'-~...--------·---- ...."--.. , .... _ ••_.••_______,__, ....___.._• ..__._............._._.__ ......... ---~~ 


' Mar 2016 i Street Safe Operation , : Disengage for emergency vehicle during testing 
'-------~----~r--···--------·--~---~---~--------i-----· -----1-------------------·--·····----------------------------~--·-··...:. 

: Mar 2016 1 Street ; Failure qetection ; 1.7s iDisengage for a software dis~~.=_pa~~--------------' 
,-Mar 20l 6 l- Street--~lure D-etection ! 1.3s · Disengage for a software discrepancy 
·~---·---1~-----~~~----H•• ••··~----~-----i----·--·~----A•-~----·-··-------------------·-----·-··-~---·-- '·----•.-...; 
Mar 2016 J Street l Failure Detection i 1.0s !Disengage for a software discrepancy . . . l 

;-M-~;2m6THig-h~~;-TFailur~--Det~~tion-;-l.i~- ·-.:·)-§~~~n~~~~~-~~~~~~~~~~-~~ -d~~~~~~~~~~--:-.··-----·--- · ·· ----
·-A~-;;-c;;E; l-st~~-~t~-F~ii~;~ -D-et~~ti-;;~- ..:---- ;~2~ i Disengage for a software discrepancy , 
:----------r-~--------t...·-------·---·-··-------~----·-·--·--+-·~·---~·---·-·-------·-· ..--·----------..·-- · -·-· ---·--·---· ---·--·-·--··"·------~-

: Apr 2016 j Street l Fa ilure Detection ~ 1.1s ! Disengage for a software discrepancy :­
:--- ; : . --------- ;--· ------~--·...·}--------~---~---~---~---·· --------~----·-·-·.-------: 
: Apr 2016 i Street ! Safe Operation l - : Disengage for unwanted maneuver of the vehicle 
~--- ·-----~-----·-..--·-·-'·-------------..-·.... ......,_._____;......_ ..___......!......_.___..____.._________, _________, ____..............- ... ............................. ·-·-----··--·' 
1 Apr 2016 I Street I Safe Operation i - \ Disengage for a perception discrepancy 

________ ........ ..... , ......
;,------..- ......-...~--·--'-~--------~- ........-..!...--....·--.."""-""""'- ..._,._....._.......-~·~'--··· ~ .......... 4 ..." ,,.~. .........___. ............. _,___~-~ .........---··..._.__··~---~"'-~---·------·"'"--"~-·- ,_,_ ·-· ~ - --~ ,_ ~ 


· Apr 2016 i Street ; Failure Detection i 0.6s i Disengage for a software discrepancy 
~--·-·---- ~~ -+· ·-·-~-------=---- ---- -·· ------ _;------ -l..---------~ ~-- -· .-·-~---- --------~------ ·- ... -- ---· --

Apr 2016 i Street , Safe Operation , iDisengage for unwanted maneuver of the vehicle 
-~----·---l·-· -~--~-___j·-~--·-••••-·------'-·-·~---.. -•o••1.--,·•••--·---·-·--~~--··--·· >o V••- -----·----------·---------"---·-----•••----·-­
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May 2016 : Street ; Safe Operation ; Disengage for unwanted maneuver of the veh icle 
:---~---------t--•••·-----•••--!-•-••w-•··--------·---·-·-···•-· """''''-'--•·~••-·-•-••·•---··-·-•-••••-·--•~---~--·--•-••••·-·---·-··--•-••·-·--·-·••-•.; 

· Disengage for incorrect behavior prediction of 
- - ----+'!MajL2Ql~gbwa_4--S.afe_Qp_e.r.ati_on i othe.r_tr_affi_c_p.artl.clp.an_t__~_ _ ____________:____ _ 

1,-----------r·------------------~----------------- ---- --------- ---- --;--- ------~- ~------------------- --------------- --------------------------- ------------------------ ------ --­
. May 2016 l Street ! Safe Operation · ; Disengage for a software discrepancy 
·------ ------4------------ ----...:--. -----··-------- - ----~-·. -- ..!.. - ··--·-·--·-l·------- -----· ·------ ····-- · --- ·-· . -- . ------·- ----------·------- . ··- -- ... --· 

, May 2016 j Street 1 Safe Operation • - i Disengage for unwanted maneuver of the vehicle 
;_-----:----------:-----~---------"--------~------~--------·------------------·---' 
· May 2016 l Highway I Safe Operation i - i Disengage for a software discrepancy • 
: ' - ----------~-~-----t---~----- ....~ . -----------------·-----~ 
: May 2016 j Highway : Safe Operation : - ; Disengage for a software discrepancy ' 

;·M ay 2ol6f5t;~t-;-Safe Operati;n J ---~-------:o ise-~~~-~~~-fu~-; pe;~~ptio~scre~~-~cy ----- -----­
- ------------+-----------L--------------------- --·--l-------·---------f---------------------·------------------------------------·----·-· 

1' May 2016 i Highway ! Safe Operation !Disengage for a recklessly behaving road user 
-------<'·------'-------------- -----------­

. May 2016 j Street : Failure Detection i 0.1s : Disengage for a software discrepancy
-'------+-·--------.,;_________~----~-- -t-------·-··-r-·----------··-----------------------------------.; 
: May 2016 ! Street , Safe Operation ; - : Disengage for a perception discrepancy 
-·-----1-----t________________,__________:__ --------------------------- --­
~ Jun 2016 j Street . Safe Operation ! · - LDisengage for unwanted maneuverof the vehicle . 

J un2o16 j-----str;;t[-s~fe0-pe~ation -~-------~ Disengage fo; a r ~ckl-essly beh a; ing- ;~~d u;;;-------­
r----------·l~--------~1·--~---··---- ...-·-·------ ' --..·-----·,----·---------·---·----··--····------------------·-··--------- ­
• Jun 2016 ! Street i Safe Operation iDisengage for a perception discrepancy
-------+-----------'-----------·------+- " -
Jun 2016 i Street i Failure Detection 1 1.6s ! Disengage for a software discrepancy

:,_______....._.j_______ _ _,L.______...,. ________...______~..,_,.,.....,.,l._________________.......,. ___________________________._..._., 


: Jun 2016 I Street , Safe Operation I !Disengage for a recklessly behaving road user . 
~---·-----..L..---------_J______ __________J________L______ _________~--------~--.........----------·----~: 


: Jun 2016 l Street : Safe Operation ! i Disengage for unwanted maneuver of the vehicle 
:--------------~---:-··------------..l.--------------- - --- -----------~--- -~--------~- ---i-----------~--··· ·-----··---~---·--·-·---···--·~· -·--· --- ..---·-··~···"·-····-··; 
· Jun 2016 ! Street i Safe Operation ! ; Disengage for a perception discrepancy 
--------~-------+------------_J~··------~-----·----------·-·---------------------- ---·------
Jun 2016 i Street ' Safe Operation ' ; Disengage for construction zone during testing 

l i 

]~-;2Qi6T-St reet I Failure Detection j_0.6s r Disengag ; for a s~ftware di~cre~-;, n~;--------, 
: Jul 2016 l Hi~hwa~ i F~ ilure-Detection- i 0.1~----foi~~gagef~~~~ft~;~e d~-~~e~-an~~--------------
L------~--~--'-:---·-------L---·---~---'----------------------------·-----·~-----·' 

J; Jul 2016 i Street Safe Operation ; - i Disengage for unwanted maneuver of the vehicle . 
-.__...__._..___l_........._....-.~~-·r.............._._......... ..,....._...___...,___ ~,"' ..--"'!"---·· --~-........-" ........r..---:--··..-......-~.-~------·--.....------~-- ...........~..---......,..................~ ............,___,..R............. ........~-~-~, 


; Jul 2016 i Street ! Safe Operation 1 - iDisengage for a perception discrepancy i 
,-------t--------;---------------;- --------'!" ' ___________________, 
; Jul 2016 i Street : Safe Operation ' - l Disengage for unwanted maneuver of the vehicle 
;------!----~----,------:----:-·-·-·--··+-·-_-----------·---.---_---------.--··-·-----·' 
! Jul 2016 1 Street ; Safe Operation ! ;Disengage for a perception discrepancy i 
~------;------..L------------·--·---r--·------------L-------------------------------------------- -------------------
. Jul 2016 i Street I Safe Operation i - iDisengage for unwanted maneuver of the vehicle ; 
-------f-------- ---------- ------'---------·--'-------- --------- ·--------·----------------' 
\ Jul 2016 i Street i Safe Operation \ j Disengage for unwanted maneuver of the vehicle · 
-------- -------·--------·····-------- --------{---------- ----·--- ..... .... ________ .. --- ....,.. ·- - - ---- ----·-,-------------------- ----·-------- .... ------- ----------- --- ......... -------------- ....... ------------- -- ---'. - --· 
' Jul 2016 I Street i Failure Detection i l.ls !Disengage for a software discrepancy 

' 

-----~------~----------·~----+-------(--------------~------------~----~--~-----= 
: Jul 20~ Highway [ Safe Operation : - lDisengage for debris in the roadway . 
:----- ;----------;·-- ------------------- -j--·---~----~------------------------·-------------·------·--·-----------' 

Jul 2016 j Street l Safe Operation i - !Disengage for unwanted maneuver of the vehicle ­
:--------r---------- --+--------------------'--------------·L------------------ ---------- ---------------- ------------------' 
j Jul 2016 i Street I Safe Operation I - ! Disengage for a perception discrepancy 
r----..--~~....a...l ......- ............~~-.....--7--~.. ~..."-·.............,__ ___.Z>O>O ....--......r .....,.-.....___··...-·...-t------·---··....._._._,____,_._..._........._~---·............ .__.._..._.._.......__..............""~· ............ ~ ...............,.~.·-~--·-~ ...-..: 

; Jul 2016 j Street ! Failure Detection i O.ls iDisengage for a software discrepancy : 
\...--~----------t-~-·····-··~--·----.-r- ..------~-·------ --------~--~-~-----·---··+--·-~------·-~·-·-··-·----~----------~---···-~---·· ..·----·---~~----·-···"~--- : 

Jul 2016 1 Street i Failure Detection : 0.9s l Disengage for a software discrepancy •--------·---!----------~-----------~--_,___L__ ..________j_.___.,_ __________________________________________ ------~-' 

j i Disengage for incorrect behavior prediction of 

:_:_~-~~~~_l __ ~tr:~~----L ~af_:_ ?~::_~~-~~~---·; ______ ~____ __j~!.~~!- tr~~~:_~~-~':i?~~-~-~----------------------····---·- - --' 
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~] ~l-2oi6~ r··s·t;~~t-TF;i~~~-~-c,;t~-~ti~~----;6~ -- T[)j~;~-;~-~~f;;~- soft~~ ;~-d~cr;pa·~~;··--- .. . - ---- · ·-----~ 
----·------+-----··--·-··--··-· ·+--··--·-··-·--····--·---··· --~-------·----+---· ----··-·--------·····-·····-·-· - · -·---·--·-----·---· ----····-·-----~-·-····-··· 
: Jul 2016 i Street ; Failure Detection ' O.Ss ! Disengage for a software discrepancy 

_______;-~~i~~t~~~~~Cj~~~0-~~~~~~~==~~:=~n>i~~~~:~i~-~-~~~~~~?~~=~-=---=·=-=: 

Jul 2016 i Street : Safe Operation !Disengage for unwanted maneuver of the vehicle 

. I ' ;-~-------'------------~-------·----·-------...;
~o16l-street- 1 ,· Safe Operation i - ;Disengage for unwanted maneuver of the vehicle 
:--------..1- -----------+----·-··----------------:...-..~ ..........J-----~-------------------------------- ··-··· ---------- __ J 


Jul 2016 ! Highway t Safe Operation , i Disengage for debris in the roadway 
:__________J____________L._____________________,_ --· ---·--'----·---- -------·--------------------- ----------·-·---- ----- ­

: Jul 2016 Street I Failure Detection : 1.6s ; Disengage for a software discrepancy . 
1·-------- ""-''"":

J 

-------..----- +-· ..._________ -----·--------·-··"---·--·-·-··~·+-------··"~---- ---·-··"··--· ............-·--·--·-··---..·~-----·---- --- ......~-- -·~·--- -··-·; 

; Jul 2016 ! Street ! Safe Operation 1 iDisengage for unwanted maneuver of the vehicle 
:----·------+•·••·••·-·-•••·--~--...!•------·-·------~- -• ----····- {-·------------··-----·--·-·-·------------· •·-------·--·---w-- ..> 

: Jul 2016 ! Street 1 Safe Operation i - : Disengage for unwanted maneuver of the vehicle _ 
-·_____J..__________,_ ______ __________~----·--- ·+-·------·-------------- ----------' 
. Jul 2016 ! Street Safe Operation : ; Disengage for unwanted maneuver of the vehicle 

: Au;-2~~~=~~;;~=-~ Failu;~~~~~~~~:=-~~~~---j~ise ~~-;-~e f':i~~~~~~~~~~~crep~~~Z~~=~==~~ 
: Aug 2016 ! Street i Failure Detection · 0.2s !Disengage for a software d iscrepancy . 

: .. I .' -----l-----------·-·-----·---------·-1 

· Aug 2016 ! Street [ Safe Operation : Disengage for unwanted maneuver of the vehicle 
·- ---·-+·-----.L---------7------·--·- -----·---·---­
: Aug 2016 ! Street ' Safe Operation iDisengage for unwanted maneuver of the vehicle . 

· Au_~-~~~~!=~~~~~t.[~~~~:-~-~~-~~-;~~=:~:~~-=~=~-;~~e~~-a-~~~~~:-~~~~~i~~~i~~~-~~-i~~~~~hi~~:____ : 

Aug 2016 i Street I Failure Detection 0.6s ; Disengage for a software discrepancy • 
:....~ ..----·--·J......------·---------~~~--------·--··----- ···--1~---------··-···-------·-· --·-·-"'·--------------~--··-·--------- .... -~------·-·-
. Aug 2016 j Street ~ Failure Detection ! 0.3s : Disengage for a software discrepancy 
. - -t··-----L-------------·- ----···--...1_--------- --··------------------------·.! 

· Aug 2016 j Street ; Failure Detection 1.4s : Disengage for a software discrepancy 
'---·--·---r------:----------------.:.------ ·--'-Dise~ ga-; e for i-~-~~;~-ct-be.havior predi-~tio~--;f-----~ 

_Aug 2016 j Street ; Safe Operation ; - i other traffic participant s ; 
---- ·1------.........(--------_ -·-·-'--------,------~------------------------

: Aug 2016 1 Highway l Safe Operation · - iDisengage for unwanted maneuver of the veh icle : 

, Au; 20l -Gl--street -j Fa-ilur~-D~tec.ti~~--;---O~l·~---:oi~engag ~·f;-r- ~~~ft~;· re _ disc~~~~-nc~-----·:·---------: 
t""Aug-;-c;;·6r· -st;;~-t··-rF"~·il~~~--oet·~-;;t·i·;-~·-:-1. ;;-~..--Toi~-~~;;:;f-;~-~-~~-it::~;~-di~·~;~;~-~~----· "' .. __ 
--~---._.{__,_ _____;__________~-------~ --·-··-~-~ .. -i- ------------~--------·-····---··--·.! 

•Aug 2016 I Street ! Safe Operation · \ Disengage for a recklessly behaving road user 
· l ; I 1 

_Aug 201~[~str~t ..I__~f~9~~~tio~=L _____- -~ !Di sengage~~~~~~~k~=~-sl;b:~-~~~~;oad__~~e ~~=== 
: Aug 2016 1 Street i Safe Operation ; - !Disengage for unwanted maneuver of the vehic le • 
~--·------;-------·--.--· --· ----~-----;·-··--------·--~--i---------------- ·-·--·-----·--------~--·-·--.. ·-·· ­
: Aug 2016 l Street ! Safe Operation l !Disengage for a perception discrepancy 
;..-..--··---···-··· ·--- ..+-----~-·--·-------+--- -··"··~--- -·-------- -----·~--~------- .... -~----- -------..--------·--·-··.. ·---- ··-·····-··'-·-···----- ··--·-~·--·-----·-··· ·-···-··· ............ _,_. ·--· 
· Aug 2016 j Street : Safe Operati on , iDisengage for a software discrepancy 
-·-----1·-·-·-·--:---------------t-·--------r·-----------·------·--·-------·--·--·------·-·----: 
' Sep 2016 i Street i Failure Detection ! 0.7s iDisengage for a software discrepancy : 
------~-·-·-------·--·-...J...___________ ________________ _,_ ________.. _____,______________________________ _ ,_____________----------·----·--------­
. Sep 2016 ! Street I Failure Detection i 1.. 6s !Disengage for a software discrepancy : 
'-·---------· ......l ..._..,________........!_ _ __________________ .t._......-------·--·'----·------------------------------------·--.. ---------·---·---------· · -·------·-----------' 

i Sep 2016 Street [ Failure Detection i 0.9s !Disengage for a software discrepancy •J 

~---------·-+·-·------- ---+-------------·---·----...!..--- ·---· ............\...----· ---~·----~...-...........-. -·- -----·---~-------·-----· .... ---·------· -· ...: 

' Sep 2016 l St reet ! Failure Detection j 0.4s , Disengage fo r a softw are discrepancy
~-------1--------~-----------------+------ ....J ______________________________~-·- -·-- -----------' 

. Sep 2016 ! Highway : Safe Operation , iDisengage for construction zone during testi ng 
------~--J___________:,__ ___~·----·-~------'---··--··i...----~------·------------~--·-··~-------·---" 

Sep 2016 ' Street ; Failure Detection : 0 .. 2s : Disengage for a software discrepancy 
__________ L --· -----·----'___________ --------·-----·-·---1 ......... ______ L ______________ ·---- ..---------·--· .. ------ -- ------ ---·----- _________ . _________ 
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-se~-2oi· 6-r-st~~~t-Fai!~~~-o~-t~-~-t~~ -;· 1:?;·--Toi~~~g ;~~"f~; -~-~-~ft~;;;·~-dis~-repancy -·-·-·- ----------· 
-----~---·+-----···---~---~-~~----------·-···------.l..--------.------t---~---·---..-----·-·-·-·············-····-----------·-------··-·····----····--·-····-·--: 

. Sep 2016 ! Street : Safe Opera t ion ; - : Disengage for unwanted maneuver of the veh icle 
:--------···+--~-----_..______________________________________,..<------.----·-·--··-·-···----·-------·-----··----·--~--···-· 

---- --"sep LUT~Street Sa reOperabon . ; Disengage fo r a perception discrepancy 
----------~--~------f,.__. ___________ _:__.. ___________ ...l,. ________________________________________________ 

• Sep 2016 j Street Safe Operation .· : Disengage for a perception discrepancy . 
:-------t·-------··-.L---------·-------L----···-+··------·-·-----·-·--------------·--------·------·""·' 
: Sep 2016 ! Street i Safe Operation ; iDisengage for a recklessly behaving road user 
-.--------·--·----------------·-"-·-·--·--·-..,.-- ·--·-···1-----------------·------------------- ----- .. -______,__, 
: Sep 2016 I Street ! Failure Detection ' 0.1s Disengage for a software discrepancy . 

1·------~~--------1----------------- -----1------\.-----------· ~--~-~----------·--·---··- -·------·-~' 
: Oct 2016 I Street l Safe Operation : iDisengage for unwanted maneuver of the vehicle 
~"~--~._. ............._.,t....-...-......~"......,._.,....n.~--t------··-,.--..................._....~ ....L,..,..~.--~.~...........+....._..._...d .....~.~........----• ..,.,._.. _ ............,,.................~---- ......_._,...._ ... , __ __."....~-··· .
.. ~ ........ .._................___ ._......... 


' Oct 2016 \ Street ; Safe Operation ' - ' Disengage for a perception discrepancy ' 
~ -·----1-··--·--------r___________________J___ ·-------L·~·----------------·--·----------- ------~----~ 

Oct 2016 I Street i Safe Operation ; ; Disengage fo r unwanted maneuver of the vehicle . 

· Oct 2016 I Str.eet-i-Safe . Ope ~ati~~----=----; Disengage for a per~~-;;t~-~-dis~r~~~~-~;------: 
I I I I . 

: Oct 2~~~~~-=~~~et·-:~~~-~~§_:~~~~~~~·~-0.6 :_~.1~~~~-;~·;~~~~~~~~~~~;~~~-~;~~~ii..~~=~~-=-~~---: 
, Oct 2016 Street . Safe Operation : iDisengage for a recklessly behaving road user1 

. I ___)_ • ~ • ---------' 

----~----~--- -------------·- •Disengage for incorrect behavior prediction of 

; Oct 201~ : Street Safe Operation ______J.~ther traffic~~rticipants ____________ 

; Oct 2016 i Street ; Safe Operation ' - i Disengage for a recklessly behaving road user ,
·,______J. _ _______L,.__________________,_______"---------------·-------------------·" 

Oct 2016 ! Street ' Failure Detection i 1.4s j Disengage for a software discrepancy 
.-------1--~----L------------.l....-----..!....-------------------·------·· -·------·-·---' 

Oct 2016 I Street i Safe Operation ; - i Disengage for a software discrepancy
I I . I f 

-o~t 2016-r-st~~et·-·-; Fai~;[)~t:;;t;·;~- -f-o.6-;·--TDi~;~gag~-t;;;;;~t~·~--;-e-d·i~~re;;-~ncy-- ..-- ·--------" 
.-·-------+--------·--'------·-·--------------·-'·------------+---:----·------------------.----- .. ------------·­
' Oct 2016 l Street \ Failure Detection ! 0.2s !Disengage for a software discrepancy . 
-------,----------!----·--------------·-·-------·--------------------------------·-
Oct 2016 ! Street i Failure Detection i 2.4s iDisengage for a software discrepancy . 

,... ----------------- ­-------~-----·--

; Oct 2016 i Street . Failure Detection ' 2.0s [ Disengage for a software discrepancy 
• I . ' f · 
~ Oct 2o16T--st~eet··-~ Failu~-;[)~'t:: cti ~-~--0~-~!Di-~~nga-ge-fo ~~~oft-,;;~~;discr;pan~; --·-----~--~ 
'-·---..·~-...j-~..,..,~_..,....._.____~~---..~..- ......_..._._...~..,........~..--...... -.....k.~~-··-~·"'-'"''•"........j:,_...._,..,______...-.•.--.................,~--,...-................- .............._._~.-·...... ·"-"'""'-··""'''.._,_,._~ ................. ~..........~ ............l 


' Nov 2016 ! Street ! Safe Operation i !Disengage for a recklessly behaving road user 
·-----t--~-- •·-·--1--------------~----·-----··--------~---------·-·~ 

Nov 2016 J Street 
I 

Fa ilure Detection . 1.2s f Disengage for a software discrepancy 
1 

----- ~----------r--·-----------:·------- [ Disengage fo r i~orre~tbehavi;;~ red i cfu~·-;-f----· 
1 

, Nov 2016 1 Street l Safe Operation I - Iother traffic participants : 
·-.------· _ __ .,___...______...._,__,_,_.___..........__h....._______J.___~---~--~--~---------~---·--·---··----------·-~·-------- __________.;, 


~ Nov 2016 I Street i Safe Operation • - i Disengage for a perception discrepancy · 
____,..___..1._.______! .~:..--.---·--·-...._ ..______!____,___·-···-~~-------~-----~ ----·- - ----··-·------···---------·--··-....- ...............- ..... 


' Nov 2016 1 Street i Safe Operation j - !Disengage for a perception discrepancy 
-..............-------'""+"""'~................-._.._~----.....---..·~""--··-......,_--.~--------~ ........._..____.............~-.-............,.........._...................--....._....."-..--'"--'"'·""'-'·--"· ,,...._.. ,.. .....................J 

: Nov 2016 1 Street ! Failure Detection ! 0 .1s !Disengage for a software discrepancy j
----------------·-----......l----------------·---------------------·-··----------·-·------·-·-· 
• Nov 2016 j Street : Failure Detection i 0.1s !Disengage for a software discrepancy . 
'------,-·--:-··-------+-------------····-. ----+----··1-----:-··--·----·----------·-··----.-·-:---·---·---------------..-------·j 
' Nov 2016 1 Highway i Safe Operation i - iDisengage fo r a perception discrepancy : 

'Nov 2oi61sh'~-~t--TFail u~~Det~-ct~T--o~i~----r Di~~~;;~--;;~~; ;~ft~~-r~di~~;~;~~~~------------·--·--
·--··---·· -·-----.l.. ---·-···-·--··------ ·......;...... --·-·------···--··--· ··-------·--'--~---- ·--·-·-'··· -·-· ·----····--·--··-·----·..--···---·--··-·--·-··----- ··-·-·-··------· ···---------·.-·--····-·-- ­

ll 



Appendix B 

Autonomous miles on public roads in California 


-----------------------------------4foo~r~e~a~c~aLan£lnulru~~-----------------------------------­
(shows la st f o ur digits o f car's V IN ) 

Jan 2016 250.2 837.0 0.0 2,887.8 1,180 .9 : 888.6 2,244.0 475 .0 1,318.9 ' 

Feb 2016 · 570.1 1,334.7 i 0.0 880.4 0 .0 604.5 0 .0 587.3 1,683.1 ' 

Mar 2016 : 1,239.8 1,313 .6 ' 0.0 0.0 0.0 2,484.1 0 .0 1,538.7 1 1,005.0 
·-·------·~·­ --~--

Apr 2016 2,190 .1 1,476.4 . 0 .0 32.2 0.0 2,035 .7 o:o 285.9 ! 2,278.8 

May 2016 2,468.5 2,216.1 1,556.4 i
2,492.0 ! 1,194.4 ' 2,290.5 1,859.6 : 1,503.8 i 1,499.7 

-------· - ­ .. 
Jun 2016 

1 

2,056.6 2,133 .1 172.8 1,591 .8 I 596.7 2,120.7 . 1,157.8 1 1,556.8 

Jul 2016 ! 2,085.8 2,554.0 2,198.0 407.9 0 .0 2,613.4 1,487.4 1,458 .5 

Aug 2016 . 1,938.9 1,321.5 2,105.0 0 .0 0.0 2,442.8 2,639.5 1,818.2 
--~------~­

. Sep 2016 1,399.1 3,000.6 2,864.9 0.0 0.0 1,670.2 2,150.6 1,979 .5 

3,448.8 3,855 .7 1,989 .6 . Oct 2016 I 0.0 2,213.1 3,567.8 1,571.2 0 .0 0.0 

3,8 04.2 2,378 .9 2,668.5 !0.0 2,389.3 ' 3,179 .3 2,529.5 ! 0.0 0.0Nov2016 
I 

15,541.9 i 21,513 .5 : 15,644.2 14,076.9 5,282.6 : 18,352.4 [ 20,239.8 i 19,155.0 ' 18,590.8 Total 
-·---~-l--------..:.~---·------L- ' ----~-•--w~ 

Jan 2016 0 .0 795.0 2,488.4 2,130.0 0 .0 2,914.7 2,527.0 0.0 

• Feb 2016 0.0 0.0 1,016 .7 1,734 .9 1,158.8 0.0 ; 1,085.4 ! 895.9 0 .0 · 

Mar 2016 0.0 0.0 1,667.3 

2.7! 
!

Apr 2016 1,404.5 

May 2016 2 , 050~6 1,955 .6 1 2,461.0 

· Jun 2016 1,149 .7 ! 1,015.9 1,134.0 0.0 

Jul 2016 634.4 0.0 0 .0 0.0 

0 .0 0.0 ! 

1,745.1 o.o : 0.0 

0 .0 594.4 0.0 

o.o i 209.6 1,540.3 

0 .0 ' 0 .0 1,435.7 

0 .9 

818.1 

953.8 

921 .1 

526.4 1,420.2 i 

312.2 886 .5 : 

0 .0 1,462.2' Aug 2016 ' 0.0 0.0 
f---·-···-·----{--·---------+------------- ..·-i-----·--------i,.------------ ---+--- ..... ----'-·---­ ---------~-­ ------·-· ·--+-·------- ....+-----------! 

. ; Sep 2016 0 .0 0.0 0.0 0.0 0.0 l 443 .6 2,098.7 0.0 0 .0 

Oct 2016 980.6 0.0 ! 1,465.3 0 .0 0.0 : 0 .0 2,268.0 i 0 .0 0 .0 

Nov 2016 2,611 .5 0.0 ; 1,482.7 0 .0 . 0.0 0.0 i 1,561.0 0.0 

Total 8,831.3 : 2.974.2 13,146.6 ~-:-~~~·!J ___ ?:~~~­-~ -­~:-~~= ~~L~~-: 872.7 10.761.5 - ~~62:~J 
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' I 

. Feb 2016 ' 1,357.2 703.8 ! 363.3 763.4 0.0 3.2 1.6 i 0.1 1.4 1 
i 

1Mar 2016 1,172.4 811.8 975.4 638.8 
I 

0 .0 ' 2.1 0.7 ! 2.1 i 2 .1 

. Apr 2016 2,340.8 1,84 6.6 305.7 924.1 0 .0 : 1.3 ! 1.7 1.5 0 .7 

May 2016 1 532.0 829.6 851.5 73.2 0 .0 0 .1 2.5 0 .5 

: Jun 2016 1 58 .8 768 .9 1,140.4 1,266.0 0.0 0 .5 0 .3 
...' 

0.2 ' 

· Jul 2016 837.8 568.4 1,638.9 ; 1,312.2 13.1 : o.o i 0.0 349.0 485.3 
I 

. Aug 2016 . 0.0 0.0 1,745.6 2,343.5 271 .8 i 1,105.7 991 .2 i 2,368.6 1,603.9 

Sep 2016 0 .0 0.0 2,601.4 1,234.8 i 259.6 : 1,743 .3 611.6 : 1,484.1 492.4 · 
i' 

1,784.7 
' 

1,733 .3 ! 1,121.8 Oct 2016 0.0 0.0 2 ,181.5 o.o l 1,559 .2 1,352.6 

963 .1 900.2 854.7 Nov 2016 0.0 0 .0 849.7 0.0 529.6 369 .7 , 

4,355.2 . 6,841.8 4,563.6Total 9 ,711.6 8 ,472.0 · 14,616.6 10,132 .7 2,633.2 4,578.4 . 

Jan 2016 0.0 152.1 80.7 290.9 : 1,141 .8 . 0 .0 

Feb 2016 o.o · 245.6 18 .5 3.3 ! 207.1 0 .0 14.2 ' 

• Mar 2016 0.0 739.4 263.4 660.9 143.7 0.0 843 .1' 

Apr 2016 0 .0 1,118.6 882.0 715 .9 0 .0 1,012.5 ' 0.0 , 444.5 

May 2016 i 

: J un 2016 1 

630.3 

1,351.3 

1,582.7 ' 

1,650.1 

1,535.1 

1913.6 

1,393 .2 

1,563 .6 0.0 

0.0 

0.0 

628.9 

639.1 

1,848 .5 

794.5 

1,783.0 

1476.1 

· Jul 2016 1,332.6 1,787.6 2 ,259 .5 ' 1,828 .3 i o.o . 0.0 1,919.1 2,108 .7 2 ,1 79.9 ' 

Aug 2016 

• S ep 2016 

1,631.6 

794.4 

1,790.0 

1,975.2 

1,702.9 

640 .8 

1,818 .8 

1,674.9 

o.o : 
-----'-. 

207.9 

9 .9 : 

759.6 

2,393.4 ' 

1,918.3 1 

2,273.4 ' 

1,727.4 i 

2,410.0 ; 

1,740 .0 ' 

Oct 2016 1,020.6 1,580.7 ' 1,306.8 1,288.3 1,852.0 ' 1,533.6 1,4 01 .8 1,54 944.2 

· Nov 2016 1,206.9 1,157.9 1,033.0 ' 1,266.9 I 1,044.6 689.4 1,381.7 323.2 1,033 .6 

Total 
--·-···-·----·· 

8,839.8 14,829.5 12,020.8 13,173.1 ' 3,104.4 2,992.5 
---------- ­ ···--· 

14,283.5 ' 11,416.0 14,455.5 
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1,139.2 34.4 
··-· ~~ ---------l-----------·-

· Feb 2016 142.3 . 421.1 44.3 ' 40.2 , 

Mar 2016 I 799.1 652.8 i 400.1 : 573.5 146 .5 735 .1 ; 0.0 489.4 

, Apr 2016 : 1,483.6 1,260.0 1,148 .1 601.3 1,006.2 ' 1,117.3 8.9 391 .1 i 

May 2016 : 996.3 240.5 1,131.8 670.6 1,322.4 1,685.1 1,408.7 1,593.7 ' 

Jun 2016 : 1,444.8 1,164.3 543.6 1,153.9 1,167.5 333.6 1,085.5 1,376.3 1,669.2 

Jul 2016 I 2 ,060.0 2,259.8 ' 1,601.1 2,050.6 2 ,240.4 ; 2,115.5 1,760.4 1,785.4 2,007.6 

. Aug 2016 1,993.1 2,500.7 444.4 2,571 .0 2,293.6 . 2,157.3 i 904.0 2,342.4 2,081 .1 

: Sep 2016 : 1,769.3 1,585.4 1,3 65.6 1,800.6 1,803 .2 i 1,360.6 1,520.6 1,920.1 1,946.5 
I 

Oct 2016 1,032.4 1,454.4 1,581 .7 1,643.6 . 1,642.1 . 1,727.2 814.5 1,503.1 

Nov 2016 1,679.8 1,382.7 917.2 1,226.9 916 .7 : 880 .5 664.2 i 1,650.8 . 

Total 15,989.2 15,351.3 11,440.0 13,862.4 13,239.2 ' 10,874.6 10,523.6 . 13,476.0 

Jan 2016 , 7.0 1,409.8 1,205.9 377.4 0.0 0.0 o.o: 
Feb 2016 0.0 20.8 ; 433.4 605.7 3.6 0.0 0 .0 

· Mar 2016 . 134.0 10.9 ; 247.2 410.5 0.0 0 .0 0.0 

Apr 2016 654.3 i 0.0 347.5 2.7 ! 0 .0 0.0 0 .0 

. May 2016 839.3 0.0 1,154.7 40.2 3.9 0.0 · 716.7 

Jun 2016 63.8 0.0 698.7 ! 1,482.2 363.1 0 .0 145.6 : 

Jul 2016 i 1,277.8 1,264.4 1,900.1 1,890.4 1,841 .5 o.o l 641.2 

Aug 2016 1 2,418.6 2,369.5 2,013.2 1,949.3 1,906.4 ' 259.9 0.0 

, S ep 2016 1,687.0 803.9 1,468.5 1,907.1 1,935.3 i 1,859.7 0.0 

' Oct 2016 1,759.8 302.4 ' 1,416.3 1,882.7 1,657.6 712.7 1,804.2 0.0 

Nov 2016 580.6 778.8 1,106.5 . 1,002.3 840.6 . 1,266.6 ' 620.4 405.6 i 0 .0 

Total 10,215.4 7,862.8 12,178.7 12,137.7 13,908.2 : 13,943.4 ! 7,386.9 [ 4,329.3 1,503.5 : 
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· Feb 2016 

Mar 2016 

Apr 2016 

May 2016 

Jun 2016 

Jul 2016 

Aug 2016 

Sep 2016 

Oct 2016 

Nov 2016 

0 .0 0.0 250 .2 

0 .0 16 .1 0 .0 

0 .0 602.9 0 .0 

2.2 ; 
176.2 · · · -·--·-c;~c)"- -------c;~5-: 

0 .0 9.6 222.7 

0.0 19 .1 - 636.7 

0.0 1,453.0 718.5 97.5 0.0 

0 .0 1,257.5 1,082.2 1,228.0 ' 1,682.7 

0.0 2,025.4 i 1,859.6 . 1,755.0 : 976.7 

2,239.5 2,374.3 2,189.4 ' 2,104.6 : 2,314.0 

1,262.2 1,648.9 556.4 669 .7 1,475.3 : 1,975.6 

1,163.7 ! 718.1 ; 689 .3 0.0 536.4 1,406.8 

354.9 790.1 745 .5 0.0 100.7 1,202.0 

Total 2,780.8 10,817.4 8,601.2 6,401 .2 7,150.1 10,970.3 

15 



WAYMO 


Rodney Aoki , Manager 

Department of Motor Vehicles 

Licensing and Operations Division 

2415 1st Ave . Mail Station S441 

Sacramento , CA 95818-2806 

December 29 , 2016 

Re: Autonomous Vehicle Disengagement Report 

Dear Mr. Aoki: 

Pursuant to the California Code of Regulations , Title 13 , Article 3.7, Section 

227.46, attached is the annual report of disengages for autonomous vehicles 

for the period of December 1, 2015 - November 30 , 2016 by Google Auto , 

LLC. 

S¥.!cerely, 
-~A--

100 Mayfield Avenue , Mountain View, California 94043 

www.waymo .com 

www.waymo


WAYMO 

Disengagement Report 

Report on Autonomous Mode Disengagements 

For Waymo Self-Driving Vehicles in California 


December 2016 




Introduction 
On December 13, 2016 we announced that the Google Self-driving Car Project would become its own 
company , Waymo, which incl udes Google Auto LLC as a subsidiary. In accordance with regu lations issued 
by the California Department of Motor Vehicles (DMV), Waymo submits this report of disengagements from 
autonomous mode that have occurred when operating its self-driving cars (SDCs) on public roads in 
California . In accordance with the DMV rule 1 this report covers the period from December 1, 2015 through 
November 30, 2016 . 

As of the end of November, Waymo had operated its self-driving cars in autonomous mode for more than 
2.3 million miles . Of those , 635,868 miles occurred on public roads in California during the period covered ­
by this report-- with the vast majority on surface streets in the typical suburban city environment of Mountain 
View, CA and neighboring communities. This marks a 50 percent increase in total autonomous miles w ithin 
California compared to the prior reporting period (which was two months longer than this reporting period). 

Disengagements are a natural part of the testing process that allow our engineers to expand the software's 
capabilities and identify areas of improvement. During testing our objective is not to minimize 
disengagements ; rather, it is to gather, while operating safely, as much data as possible to enable us to 

improve our self-driving system. Therefore , we set disengagement thresholds conservatively , and each is 

carefully recorded. We have an evaluation process in which we identify disengagements that may have 

safety significance. 

In 2016, we experienced a reduction of 75% in our disengagement rate , from 0.8 per thousand miles of 

autonomous driving in the previous period to 0.2 disengagements in the current period. Table 1 shows 
comparative data from the two periods. Figure A illustrates the year-to-year change in disengagement rates. 

Table 1: Comparison of Reporting Year Data 

Reporting Year 

Autonomous miles on public roads 

in California 

Reportable disengages 

Disengagements per 1,000 miles 

424,331 

341 

0.80 

635,868 

124 

0.20 

1 Section 227.46 of Article 3 .7 (Autonomous Vehicles) of Title 13 , Division 1, Chapter 1, California Code of 
Regulations. 



Figure A: Reportable disengagements 

' per 1,000 autonomous miles, by reporting year 


disengages per 1 000 mites 

1.00 

0.80 

0.75 

0.50 

0.25 

0.00 

2015 2016 


The OMV rule defines disengagements as deactivations of the autonomous mode in two situations: (1) 
"when a failure of the autonomous technology is detected," or (2) "when the safe operation of the vehicle 
requires that the autonomous vehicle test driver disengage the autonomous mode and take immediate 
manual control of the vehicle." In adopting this definition, the OMV noted : "This clari.fication is necessary to 
ensure that manufacture rs are not reporting each common or routine disengagement. "2 

As part of testing, our cars switch in and out of autonomous mode many times a day . These 

disengagements number in the many thousands on an annual bas is though the vast majority are considered 

routin e and not related to safety. Safety is our highest priority and Waymo test drivers are trained to take 
manual control in a multitude of situations , not only when safe operation "requires" that th ey do so. Our 

drivers err on the side of cautio n and take manual contro l if they have any doubt about the safety of 
continuing in autonomous mode (for example, due to the behavior of the SOC or any other vehicle, 
pedestrian, or cyclist nearby), or in situations where other concerns may warrant manual control , such as 
improving ride comfort or smoothing traffic flow . Similarly, the SOC's computer hands over control to the 
driver in many situations that do not involve a "fa ilure of the autonomous technology " and do not require an 
immediate takeover of control by the driver. We explain more in each relevant section below . 

Failure of the Autonomous Technology Detected 
In events where the software has detected a technology "failure " -- i.e., an issue with the autonomous 

technology that may affect the safe operation of the vehicle-- the SOC will immediately hand over control to 

2 DMV's Final Statement of Reasons at page 2. 
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the driver; we categorize these as "immediate manual control " disengagements. In these cases, the test 
driver is given a distinct audio and visual signal , indicating that immediate takeover is required. 3 

--------" ilmmediaie..manuaLcontco.E-disengagemenUI:tcesholds...ace.seLco. ns.eruatillely_OlJLSelbdcLILing_s)lStem_r:u~"'--------­

thousands of checks on itself every second. Immediate manual control disengagements are triggered 
primarily when we detect a communication failure between the primary and secondary (back-up) self-driving 

systems (for example , a broken wire) ; when we detect anomalies in sensor readings related to our 
acceleration or position in the world (accelerometers or GPS); or when we detect anomalies in the 
monitoring of key functions like steering and braking . 

The rate of this category of disengagements has declined from 0.64 per thousand miles to 0.07, 
representing an 89% reduction. 

Figure 8: Immediate manual control disengagements 
per 1,000 autonomous miles, by reporting year 

disengages per 1 000 miles 
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Disengagements Where Safe Opera t io n Re quires Co nt r ol by the 

Dr iver 

Our test drivers play an important role in refining our technology and ensuring the safe operation of the 
vehicles while we are in this developmentphase. They are directed to take control ofthe vehicle as often as 
they feel is necessary and for a variety of reasons relating to the comfort of the ride , the safety of the 
veh icle , or the erratic or unpredictable behavior of other road users . 

3 During this testing phase of the software, our SOC hands over control to test drivers on many other 
occasions that are not "failures " of the autonomous technology. As we calibrate our software and hardware, 
we closely monitor its performance and alert our drivers and engineers to any minor anomalies. 
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Each time a test driver uses his or her discretion and takes manual control of the vehicle, our system 
automatically records the circumstances leading up to . the disengagement from autonomous mode and flags 

--------lHB-rn-for.+e.view-b.y-tne-so.ftwa~e-team~l::nisJI+for:rnatiol+,along_witl:l-feedb.ack-gLv:eD-b.)Lthe.iesLdrllL-~ris_us.t::.U--------· 

to evaluate the software for any potential safety issues or areas of improvement, such as making our 
self-driving car drive more smoothly. 

To help evaluate the safety significance of driver disengagements , we employ a powerful simulator program 
- developed in-house by our engineers - that allows the team to "replay " each incident and predict the 
behavior of the self-driving car (had the driver not taken control of it) as well as the behavior and positions of 
other road users in the vicinity (such as pedestrians, cyclists, and other vehicles) . The simulator can also 
create thousands of variations on that core event so we can evaluate what would have happened under 
slightly different circumstances , such as our vehicle and other road users moving at different times, speeds , 
and angles. Through this process we can determine the events that have safety significance and should 
receive prompt and thorough attention from our engineers in resolving them. The rate of this category of 
disengagements declined from 0.16 disengagements per thousand miles to 0 .13, representing a 19% 

reduction. 

Figure C: Safe operation disengagements 

per 1,000 autonomous miles, by reporting year 
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Our engineers carefully study each event and , to the extent necessary , refine the software to ensure the 
self-driving car performs safely. A software enhancement is tested against many miles of simulated driving , 
then tested on the road , and, after careful review and validation , rolled out to the entire fleet. 
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Summary of All Reportable Disengagements 
________j able.2_s.ummarjzas_aJLdis._e_ng_ag_emeJJls_[e_q_ulLe_d_l_Qbs;_rnp_o.r::te.d_lQJb_e DMV i e ,_b_Qih those where a failure 

of the autonomous technology was detected and those involving drivers taking control when requ ired for 

safe operation . Appendix A shows a brief description of each reportable disengagement. 

Table 2: All Reportable Disengagements 

38,612.1 • 

19,869.8 : 
·······-···--····-· ···1 

27.452.9 : 
·- -------·-· 

6 [ 38,898.1 . 
i

Apr 2016 

May 2016 10 !
I 

-------~--- -- .---·­·-·---··-- -----~--·-·--·-----··········-·· -····-'c··-··----·····-·-···-·-· 
Jun 2016 9 53,475.4 

Jul 2016 24 74,345.8 

Aug 2016 , 17 83,704.9 

Sep 2016 12 72,765 .1 t 

Oct 2016 ! 15 72,064.8 . 

Nov 2016 9 56,334.2 . 

Total 124 635,867.9 : 
- ---------------·-·······­

Table 3 , below , provides the breakdown of disengagements by cause. Note that , while we have used, 

where applicab le, the causes mentioned in the DMV rule (weather con dition s, road surface conditions , 

construction , emergencies, accidents or collisions), those causes were infrequent in our expe rience . Far 

more frequent were the additional causes we have labeled as unwanted maneuver, perception discrepancy , 

software discrepancy, hardware discrepancy, incorrect behavior prediction, or other road users behaving 

recklessly . 
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Table 3: Disengagements by Cause 

weather conditions i I 
during testing O • 0 o! o' O j 0 ! 0 oi 0 0 0 

.disengage for a 
recklessly behaving 

l !road user 0 1 0 2 ; oi 2 2 10 
' 

disengage for i 
I 

! 
! unwanted maneuver I i 

I I 

of the vehicle O! 2 ! 4 o) 2 2 . 2 10 S i 2 i 0 30
i I 

, disengage for a 
I 

, perception 
discrepancy 0 2 2 , 3 1! 2 ' 2 2 20 

disengage for 

· incorrect behavior 

prediction of other 
traffic participants 0 l: 0 0 0 ' 1 i 6 
--~----· ----· · • • -- -­- o- o OO AO-• -• OOO _ _ _ _ _ _ ' 

disengage for a 
8 1' software discrepancy o' 4 i 3 ' 4 '· 2 ! 8 8 ! 7 5 51 

disengage for 
construction zone ; 

during testing o, 0 0 0 0 0 ' 0 0 1i 0 oi 2 
I 

! disengage for 
emergency vehicle i 

during testing 0 o: 0 2 \ 0 o: o; 0 0 0 ol 0 2 

1disengage for debris 
in the roadway 

' 
0 0 0 0 0 0 0 2 o: 0 o: 0 2 

-------­·· ···-- ·--·-----------i--·­ · 

12 iTotal 2 6 7 7 6 w ' 9 ' 24 17 15 9 
. ······ ·······--·{ __ ___ ___ __ __ _j_ 

In its listing of possible disengagement causes, the DMV rule asks each manufacturer to state "whether the 
disengagement was the result of a planned test of the autonomous vehicle." Al l the disengagements 
reported here occurred during planned testing of the SDCs. 
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Table 4, below, provides information on the location of disengagements covered in this report. 

Table 4: Disengagements by Location 

Freeway 0 0 0 ! o ' 0 o : 
Highway 0 0 1: 1 i 4 o ! 

Street 2 6 6 ! 6 6 9i 
Total I 2 6 7: 7 

-~-------------

_________ j __________ ______ _i________ 

Miles Driven by Autonomous Vehicles 

The majority of miles driven by our test vehicles are in autonomous mode . In the cu rrent reporting period, 

our fleet of SDCs travelled 635,868 miles autonomously and 134,04 7 miles in manual mode . Appendix B 
shows the number of miles each of the SDCs was tested in autonomous mode on public roads each month, 

as required by the DMV rule. 

Time Between Technology Failure and Driver Assumption of Control 
The DMV rule requ ires that our report include in our summary of disengagements the "period of time 
elapsed from when the autonomous vehicle test driver was alerted of the technology failure and the driver 

assumed manual control of the vehicle." This requirement is relevant only to the "technology failure" 
category of disengagements when the ve hicle hands over control to the drive r for immediate action. 

Appendix A shows this elapsed time for each disengagement where the data are available. In the vast 

majority of cases, the driver took control in one second or less after the immediate manual control message 
was received. The average time of all measurable events was 0.90 seconds . 
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Appendix A 
Summary of Each Reportable Disengagement 

f-------·-·- .. - · ···-·· ·······-· · ··-~--·-··· ---·· ·-··--·~-------·--·-·-·-·· · ----·--··-··-···· ····---··········-·-·---·--·-···-··-··--··· ---·--····---···-·' 
! Dec 2015 i Street i Safe Operation : ; Disengage for weather conditions during testing • 
'---·············--···}---- ·- ··----··-·······!-------····· -· "··--·-······ ··-····-------1....- --~ · "•'~--··~ ...+... .. ..---~- ------~-------~- ----·-~----··· ·· - -------- ------·····--------- ..~·····----·-· ''" ''"______ ____________ _; 

i i Disengage for incorrect behavior prediction of 

· Jan 2016 Street Safe Operation \other traffic participants
1 I . --------- ­

' Jan 2016 ·. Street · Safe Operation ~ : Disengage for unwanted maneuver of the vehicle 
·----···-·-·-···'·-----·---·-···-1-··--·--··----·····-·-···-·--·--l· ·+-··-----·---·--········-·····-···----···------···----·--··--··-···-······---·-···-·--' 
: Jan 2016 : Street i Safe Operation l • Disengage for unwanted maneuver of the vehicle 

¥.~~~:r ~:~:~r1:~¥.:¥,~:~-r=~=+~~~~~~~:~r;~:f~~*:~~::~~~t~~~:==:-=~:~ 

_______________j ______ ~----··--·-···;____ -------~----·-···---!-~---··--·---~----------------·-----~-·-·------------------------------·--------------~ 

Jan 2016 ' Street ! Safe Operation ! i Disengage for a perception discrepancy : 
·,.....,_,.,n....,_ ..,,.........__,...;.....---"'-~-•~"'•...,.;...•..---~,_,... .,,.,,~,........,., ...,...,...,..,._...-,,.,._......,_..-,~ . •U.....,....,...,~..~··..,•......,,.,;_,..,,._,._ _._...-._..,........,.~,,'"-"~-•--•••••'"-"""....,'-''_,''""''"'" __,,....____~-~-~n-,.......--,,..,_~_._.,1-..-.-.-....,..-.....--.,.,,~ 


' Feb 2016 ! Street Safe O~_:ration ,_ ____: Disengage for ~~-~~~~ed man~uve r of_~he vehicle 

' Feb 2016 Street Safe Operation : Disengage for a recklessly behaving road useri 

' 
! Feb 2016 : Street .L~afe Op=~ation __ IDisengage for ~~\iVan ted maneuve~~th~veh i cle-~ 

Feb 2016 ! Street . Safe Operation i - iDisengage for a perception discrepancy , 
C----··--·..l_.______L______________, -----··-··....1..--·--·-- ----------------·--·----·-··--' 
: Feb 2016 [ Street I Safe Operation ~ lDisengage for unwanted maneuver of the vehicle 
------··----~~----------------l--~---------------------- f-- -·-· · ·+----- - ------~--------------~---------------------- ----------------------------------- ------ - -····; 
Feb 2016 i Highway : Safe Operation I ;Disengage for unwanted maneuver of the vehicle 

~F~t;-·2Ci16 ~--st·;~~t--f--5~-fe--o~~~~ti·;~ -~-- ---- --[.oi~-~~gag ~'for ~-;~rtw·~;~· di;-~~~~~~~--· ---·- -··-·-- .. --·< 

---- - -- ---1- -· --- --- ·- ----- -- - ------ .•. - -- --- ~-~ -------·-······-(------- ----·-------------- -----··--------------------------------------------------------- .., 

Mar 2016 i Street 1 Safe Operation ! - tDisengage for a perception discrepancy j 
;----------·-.. --~,--------------!-.-------------- · · ·--·-··-···-·--~-_j____________________J__ ______..____________, _______ ____________________________________________~-----------------.! 

1 
; Mar 2016 ! Street t Safe Operation i - IDisengage for emergency vehicle during testing j' 
~,,..._.._......_..,..... ....... , . ..-,.....,,+·•,.......,.•,._.,...-.--.-.--.., •• .,_....,.._,.,__.._~~....,.,_,,._.._,_._..,.,._,_..,_.,._,~,_,.,.._.,..__...., .... ....,..,.t.__•........._..,._-roo,....._..._.,.,.,.,,,,..,,..,...,._.......,.....-,~~--•---....-,......-.,._-.--.,.,."_''"''u-•--....,_..,...,,_ _..,,,._.,.,,.; 


; Mar 2016 : Street I Safe Operation ! Disengage for emergency vehicle during testing ! 
'------L- I f J 

: Mar 2016 : Street I Failure Detection ( l.7s : Disengage for a software discrepancy : 
------ ; " -+----~-+---------------c._---------------~ 
; Mar 2016 ! Street ~ailure Detection l_2~:.__j__'?isengage for a soft'::"are discrepan~~----------' 
I Mar 2016 ! Street I Failure Detection I 1_. 0s ; ?isengage for a soft_ware discrepancy ____________) 

L~~~-~~~-~J~i-~~~:~ .J. ~~ i l_ ~rE;! -~-e~:_c_ti~_~j · 1.1s J._c:>~==-~~-a_S!_e f~r-~__:.~~~'A/~ r.E:! .~i~-= r~~-~~-~-C:~ ·- ............. j

l Apr 2016 l Street i Failure Detection I 1.2s jDisengage for a software discrepancy 
l-------------- ---- - -------..1- --- ·---'"--------~-------f----~-------- ..-···------····---·--····· ----- - ·\·-· -~----· ·· ·-----i.-------------------··----- -· ---"-------- · - ··-------·--~ ..----------··---------------- ····-···-·-···········-·--·········' 
! Apr 2016 ! Street I Failure Detection ! l.ls lDisengage for a software discrepancy 
~-----···---·---·---i-----~--------·-· · ----~----···--- ··-------·--------------{---------·-···-----;--------------------·------· ··-----··------------ -- ---------------·------------------------! 
· Apr 2016 j Street I Safe Operation ! . - : Disengage for unwanted maneuver of the vehicle . : 

; ~~~x?~:~~r~~~~~~~~---~r:·::~~~~?-~-~~i.~~~~~=l:~------~:-~-~..1~~~~~~~~~~-~-~::~:~~~~~~~~~~~~~~~~~-~;---·---- -=~~.-.. _: 

\ Apr 2016 ! Street i Failure Detection ! 0.6s jDisengage for a software discrepancy ; 
:------1-------------·---------t--------~----------M-------------------------~ 

: Apr 2016 i Street : Safe Operation i - : Disengage for unwanted maneuver of the vehicle ! 
,_______;________1._..• -------~--'----·--·l . _________j 
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----- ----- - . -- ------------------------------- -----··· ------ ---- -----·- - - ----------- ·--- ----- ·--------- ­

May 2016 . Street Safe Operation 

Disengage for incorrect behavior prediction of 
; May 2016 • Highway , Safe Operation other traffic participants 

1: May 2016 ! Street Safe Operation Disengage for a software discrepancy 
... 1­

May 2016 j • Disengage for unwanted maneuver of the vehicle 
!-----··-------·-···-t-- ·····-·-------- ·i··- --------- ~--------------------;----·--·--- --·· "" '""(-- ·····-----------····--------------·-···------ ----·- ---- •.... ------- ------------- ----· --------- - ---------- --­

! May 2016 i Highway i Safe Operation · - : Disengage for a software discrepancy 
L........................<.--+-------------!-----··········-····--········-------)---·····---·-·······'···-··--·--·-·· ·-·--·-··--·-·--------·-··----·-····--···-···--· -----·······-····· -- ......... -·········· . 

. May 2016 ! Highway ! Safe Operation . : Disengage for a software discrepancy 
:---- ----------~---·------- ·----'---·--·-------·- ----·------··------.1.... ................. '·· ·-------·--- --------------------------·------------ --·-··---·--·-···------ ... 
' May 2016 i Street Safe Operation (Disengage for a perception discrepancy1 

'---··---· ••••-••-••- •e-l••••••"•'"•~·-------J--••-••••·•-•·-•••-•••••--•---· ••••••-.}•••-•--"- •---• -·1-~·•-•-•••'>••-•·---·•-••• •---- ·--••••--·~··------·-••••••·--•-• • ••-•·•'----·-- · ••••-• •••-•-••••-~ 
; May 2016 ! ~~ghway : Safe Operation •Disengage for a recklessly behaving road use_r___ 

' May 2016 ! Street Failure Detection 0.1s iDisengage for a software discrepancy 

' May 2016 j Street Safe Operation Disengage for a perception discrepancy 
~--'----- -----~----

Jun 2016 Street Safe Operation ; Disengage for unwanted maneuver of the veh icl e _ 

t Jun 2016 : Street i Safe Operation i - ,. Disengage for a recklessly behaving road user . 
--------'·--·-~-··------~~---~---~---L--------.L.....-.----------~~----·--------~-~---~----· 

1i Jun 2016 : Street ! Safe Operation - . Disengage for a perception discrepancy 
:__________________i_______ ___~-------- ---l.--.----------- · ···-···--------------J··---------- -------l-..-----------------~-----------~--------·---·---------------- -······-·--~-·----
Jun 2016 Street Failure Detection 1.6s Disengage for a software discrepancy 

Jun 2016 Safe Operation . Disengage for a recklessly behaving road user 

· Jun 2016 Safe Operation 
>-·----------·------------··-- --- . -----··...................,................____ ··------'--· ___J ~!_s_~-~~~~~!_~~ -un~~~-t:_d_ ~-~~.:~-~~:.- ~~-~-~~ veh icle 

Jun 2016 Street Safe Operation •Disengage for a perception discrepancy
:. . - . . -------------------­

. Jun 2016 : Street : Safe Operation . Disengage for construction zone during testing-----'- ----+-­
• Jun 2016 Street Failure Detection 

1 
0.6s , Disengage for a software discrepancy

----+------'- - ---------------------------·--·----
Jul 2016 : Highway ! Failure Detection 1 0.1s . Disengage for a software discrepancy 

• ! __________..J.______;-------------------·-----------' 

Jul 2016 i Street 1 Safe Operation 1 - · Disengage for unwanted maneuver of the vehicle . 
-~- ...·-----~·--·--~--+-~-·-- ............._._.._..._~......._"_~·-· ......--...__..... .....L....._.___..~~-----................_........___ ...._. ........_.._.______........_.._._...,..___,_..,~--- ......._-._._....._.__~......~ 


. Jul 2016 : Street i Safe Operation I ;Disengage for a perception discrepancy
'---------·-··-L----------------·-"·-----------·-··-------- ---·-----!------------------·'·----------- ------------ ----------------- -----··-·-·---·-------·· ------------- ---·----------' 
: Jul 2016 : Street i Safe Operation ; , Disengage for unwanted maneuver of the vehicle : 

~--;-~~ -2ai6-r ·-st~~tr -s;h,-c;·~~-r-;ti o~-- ;--- -~--- -- ··roi~~-~-~ ~-9; i~-; ~-~~~~~~-ti-;~-di;~~~-~-;~~;------ ----- ______, 
·--------· -·---------;..... --·-·-··-------··-----------·-----·--·------·--------·----1----···· .............,......... ....................................... --------·-·------------------ -------................................................... 


Jul 2016 ! Street l Safe Operation i - ;Disengage for unwanted maneuver of the vehicle 
------··-··~--- ----~-·~- ------·-~·-··-··- ---L-------------·~-·---·---------1--~--~· -~·-··--!-·--····--·--· ·-·--··--- ~-··-------------·---· ·---···-·-·~-·-----· · -- -··--·-··----------·--·· 
' Jul 2016 ! Street i Safe Operation l ;Disengage for unwanted maneuver of the vehicle 
~-------------------~-- ---~---·---- ___.. __t ·-· ---. ·-----~-----·---------t--···---··· ---- ---t---------- --·------ ----- · ··~--- .. --... --------·-· .··-·------·-···------ --- ----·-·. ... ______; 
i Jul 2016 i Street i Failure Detection 1 1.1s 1Disengage for a software discrepan_cy_______ 

~ Jul 2016 i Highway I Safe Operation I !Disengage for debris in the roadway 
'------:--------! ! ' ----------------------- ­
1 Jul 2016 ! Street i Safe Operation . ; Disengage for unwanted maneuver of the vehicle j 
~------t._______t______________.J___~~-------~---'-------------~-----·-··-----------~------------.t 

' Jul 2016 i Street i Safe Operation i - ' Disengage for a perception discrepancy : 
r-------~-L---------L---~------~------'-~----,L·-~-~--------~~~--------------~~----- -----~1 
' Jul 2016 ; Street ! Failure Detection i 0.1s ; Disengage for a software discrepancy
1------·-------------··-·--i----..----- -· --··-··· ·· --- ---i - -----~···· ·· ------ ........................_..........! ----:·--·-----·········--· - -· -------·--- --- ---· ····--··-····- --·-·· ·· -- - ·-------------··-··-····--

Jul 2016 i Street Failure Detection ! 0.9s ! Disengage for a software discrepancy 
-------------- -- ____;..-·-·····----------------L... ....______ __ _-·--------!-----· --·-----· --:..----·--······· ·------- --·-· ­

Disengage for incorrect behavior prediction of 

' Jul 2016 ! Street ! Safe Operation i - •other traffic participants ;
-~________l______________L__________________ _:_____________!_____________________ _____ _______________________________ 
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Jul 2016 Street Failure Detection : 2.6s Disengage for a software discrepancy 

· Jul 2016 .: Street . Failure Detection O.Ss Disengage for a software discrepancy 
•~•••...,. _ .. ,..,..,_,.~,.....,..,,...,.,~,.,,-..,.,_~....,..,..........,.,..,......,.,,, '-"'r•~~ •.-...... ,..,_,,___.,.,,,__,._ ,~-·--~•"•~• ·-•~·-•/:-.""'•"'..'-,_ ,,_,,_,.,, ,,,_.,,_,,.,..,,,..._,,_,~.,.•~·-'"''''''m·,"'"""'- ,,.,,.,....,_,,~- '~"''''"~ ~--~_.,., ,~, .. .,...~,,, ____ , .......,,~,. 


------- - ''-· JuL.2-0l6-J-S.tr:ee~Llur:e..De.tectLon__:____3.,.6.5-lo.isen.gag.e..for:..a_s.oftw.a.r.e..dis.cr:epauc.y___________ 

: Jul2016 ~--~~-eet ;- Safe Oper~~ion__.________~~-~ngage_for u~-~a~~=~mane~er_~~~he vehicl~~ 
Jul 2016 ; Street Safe Operation ' : Disengage for unwanted maneuver of the vehicle 

. Jul 2016 : Highway i Safe Operation ' Disengage for debris in the roadway 
-·	_______,______).___________~----~-*-----~--...i.-.-----·------------·---·-----------·-----------------~ 

Jul 2016 ! Street i Failure Detection 1.6s Disengage for a software discrepancy 

!]';; 2oi6t·str~;;;$;f; o;;r-;ti;~-----·~-----, Disengage for ;;~want.;d--;~-;-~;;-;;fth;vehicl ; ··-' 
,....---------- -- -------L..-------~-----------+----~------- - --. ----- ------	 -------·---··--·-······ 

Jul 2016 i Street ~ Safe Operation Disengage for unwanted maneuver of the vehicle 
'-·-------------L......._ .._____ .;.___ ........ ------ -------------­
' 	Jul 2016 j Street f Safe Operation , - ' Disengage for unwanted maneuver of the vehicle . 
.-----------·-·--------1-. -- --·---· ---- ----!---------------·- ·---------·-- ·'-------· ....... ....L .......------------------------· ............................_________, _________ -· ··- -------- .............. 


, Aug 2016 ! Street i Failure Detection 0 .1s lDisengage for a software discrepancy 
' ·--·-~~----·--·~-~~-··----••• h-·~·-· ·••••••-·••~•· ••·-••'--~.- ••--· · •·•·--·-• -• ~---·,.-·••----·~-·· •-•W• • -•••·---···--·~·•-·•-•-.-·-•••-·"'•'•·••-•• -·--·--·----••• ,,,, '"""~"'"'"•••""'" "'"""'" 
Aug 2016 ! Street l Failure Detection 0.2s l Disengage for a software discrepancy 

. Aug 2016 ! Street ! Safe Operation •Disengage for unwanted maneuver of the v ehicle 
:-----:---------__j..._.______ --- ­
: Aug 2016 i Street ~ Safe Operation Disengage for unwanted maneuver of the vehicle 
. ' 	 -~------'-

:! ug 2016l_Stre~~ Safe ~per~~~----------1Diseng~e for ~-~a nt_:~_rnane~.::_~__t:_:__~~ve~~l.:_____ 

Aug 2016 i Street Failure Detection , 0.6s : Disengage for a software discrepancy----..}--- ..........................___~_._._..__.....,.:............._-..,._ ............--... _.___.....__~--- ........--
Aug 2016 l Street , Failure Detection ' 0.3s · Disengage for a software discrepancy 

' -----------.--~-{-------·-····------~---- ---------. -------··--·--· - -~--- - -1- -- · -··· ·······-----i.---- - ----------------·-· ·· ··-----~------------------·- ····-.:..... .....___ ___ ______ ~-- ------------ ----·-··-·· ··j 

Aug 2016 i Street i Failure Detection 1.4s ; Disengag e for a software discrepancy 
----------·····--·-·-· ·· .(.--------·--··-------·-'------------· --------·-·· ···-- ··--~--· __J ·--·--·········--·-·--···-··----·----····--·····-·- ··-····-----·-- ------·- ----- ·---·-··-·····-···-··--·--·------- --· 

_Disengage for incorrect behavior prediction of 

Aug 2016 j Street Safe Operation ,other traffic participants 
_,. i 

· Aug 2016 ! Highway f Safe Operation [ Disengage for·~-~~ante~ mane~~er_~~~e vehicl.:___; 
~-----L-- ~ -·-------~:----
' Aug 2016 : Street , Failure Detection : 0.1s ; Disengage for a software discrepancy 
,............_... ___---.....---~·~----............ ..___............._ _..__,_ ......................_~~......-.....-....._................._.....~........- .._ ................._ ....._........._____"'""____ __.............._ ____--~--, -	 ~------.......J 


i Aug 2016 l Street i Failure Detection ! l.Os i Disengage for a software discrepancy 
~---------··-·····-~---·· ·-·-·····-·-··-t----~--:...---·-···· · ····· - · ·-·-------·- · -1-----·--·--····-· ·---~ -- -·~·-···-···--····----··· ··~·-- -~-··---~------------~- --·· ·------~--···--·-·i 
1 Aug 2016 Street ! Safe Operation . •Disengag e for a recklessly behavi ng road user 
i..---·-··-------·-·--·1- .·-·--·-·- · ··- -···-~·-· -····-·-·-······ ···-- · ·-- · ~······ ·· --···-- !---···- ·-. - -------- -~-------~----· - · ·--··· -··--·-·-·-----· ·-------~·--·-- ·----····----·--·-·······--·--·-·---·--~·-···--·-- ____: 

' Aug 2016 i Street i Safe Operation : ; Disengage for a recklessly behaving roa·d user : 
'------------f-· ·-·-----------l---------------------·-----·--···--i--· ....................L ........- .......... ·---------------------·- ------------------ ---- --- --------·---------··· ·--i 
, Aug 2016 i Street ! Safe Operation : - : Disengage for unwanted maneuver of the vehicle , 
:--- ----------------- ~------ --------···-···i-----------------------"-··------- -----:--- ·--··----------. -- --~ ... ·- ----~-------------- .................. ---------------· -- ---- ---------- .................... - --------·--· --· ---·' 

' Aug 2016 ! Street I Safe Operation ' · Disengage for a perception discrepancy
;-.----------+------i----------------------- J _____ ··--·--· --·-L-·-·-----------~---------- -------·-·-------------- -- ~-----~--·' 
: Aug 2016 ! Street j Safe Operation i - i Disengage for a software discrepa~cy 
f----------r-------,-------------~----------- I .. ---- ------- ·· -----·---·~ 

; Sep 2016 j Street !Failure Detection ! 0.7s lDisengage for a software discrepanc__Y______ 

' Sep 2016 ! ... Street Failure Detection 1 1.6s ; Disengage for a software discrepancy 
\ __j_ M-----------!--~-.....!---------··-----------------~----·- -------~ 
' Sep2 016 j- Street i Failure Detection j 0.9s !Disengage for a software discrepancy , 
;_,...__._.__,.......__....,....,._.._,__..._j._.. ....... __~~~--_ ._._.._..,_.,__,.,.____..._ .......~......l_._.__........~-~------·- ...-· .....--.......~..................--..--......._._.-......~-.·_._-.~-..-..-...~,-~.... ~,__.•.._.. 


' Sep 2016 ! Street ! Failure Detection ! 0.4s : Disengage for a software discrepancy 
:... ----··-·-··~-----i--·- - - ----··----------···!--··---------- - --·- . · ·· · ··--~···--·- ·-----4.----------- ·· · -···-li··-··---- - ---··----·-- ·-··-···· ·· ·----~·-··- ·--·· ·-- - ··-··· · -----····---···· -----··-· · --- ··---··-··----··­
. Sep 2016 : Highway ! Safe Operation ·Diseng age for construction zone during testing 
----···----·-····--·------!..... .._. _________________}-·-·--·····--·····--·· ·--·· ······-·····--·-··-----· ---- --·-·······-·· 

<Sep 2016 • Street Failure Detection 0 .2s Disengage for a software discrepancy 
... !...... ................... ... .. 
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····- -·· ·····-·····-· 
: Failure Detection 1 · Disengage for a software discrepancy 

.C.--····-·-···· -··-- ....... ............... .......................--............................................. .. ---··· 

Sep 2016 . Street Safe Operation · - Disengage for unwanted maneuver of the vehicle 
r. ..........~... ........--~;,.,,..._.,.__.... •.___~---l....._........._,..................--............. .,_,__ ........!.,.,"'. _,...,_... ,•• , ,, ...................... ., ..........,......... ..---·~- ......_..__...,..,...... ____ .,._ ....... ,,,_..,_____w.~-...~.,~..--.. & ........---- .....···· ~ "--'·· · ~ -...,.,.. 


--------·~p.-2046.+- s.treet----t--saJe-Op.er.a.ti.o. __________- Dis.enga.g.e-fo r:... a.p.er:.ce.pii.o.r:Ldis.cr.e.p.anc..y _________~ . . - ----......., ---- ---------- ------- ­
. Sep 2016 ! Street r Safe Operation ; Disengage for a perception discrepancy 

; Se~ 2016 t~str;:t :-Saf~o;;-~~~~on~ ------_-.t?~~~ge fo~;-~~cklessi;b~-;;~-~d~~~er -~~=~ 
: Sep 2016 i Street i Failure Detect~on j 0.1s l Disengage for a software discrepancy _ --' 

. Ott 2016 j . Street 1 Safe Operation ; . - ! Disengage for unwanted maneuverof the vehicle . 

• oct 20i6T-stre-;t ..fs-;f;o;~~~tion !--:-- ··;-Disengage f·;-~~·~-;:;;;ti~ n d l~;-e-;;~cy______ -~- - -· 
... ------· ····----~-~·-· ---------- ···-·- _ll·---------·- ·-·--------------l-------·-"· ·- ----- - - --J · ---·---·----~··- ·· ·~--- ---····-------------·---· --- · · · ·---- ---'""'"""' " ""-"'""'--- ·· - · ---·----·---·· -·,; 

· Oct 2016 i Street , · Safe Operation i - i Disengage for unwanted maneuver of the vehicle 
·-·-- - ·- ------ --<---·------- ·-·--·-1·--·-·------·-···-·-·----------- ---L----·-- ·------1-·---------------------·-----------------·-------·----- ------ -·-------·---• 

1Oct 2016 : Street J Safe Operation ; - : Disengage for a perception discrepancy 
___ ____________, __:...,_,____ __ __ ____ ---- -··----- - -- ---~-----·-----·- _;___ _______ ,.... ...i._____________________ __ ______ _____ __ ---···------~---- ··· ·--- . - ·-· -·-~-·· ---------· 

Oct 2016 1 ·Street i Failure Detection i 0.6s , Disengage for a software discrepancy.. c_ 
I . I , 

;-o;t2a16 r--s· t;~~'t·--r s~'f~- c;-~-;;~-i:i-~-~-- ,______ _____lo;-;~~~~~;·f~~-~-;~~;;~~~~l;"beh~~i-;:;·~· -;~-~d"-~·;;;·-- ·- ---... 
---· _J -+------ ' ----- ­

i ' Disengage for incorrect behavior prediction of 

--~~-~0-~~_L__:;~_r.:_:=._~___j ___:;_~-~-~-?...£>.":~~~-~~-~---'-------- .......l~~~-=-r--~~~!~c p~~-~!cip~_r:~s-·-·---·----· ··----------- -- - --- ------­
' Oct 2016 i Street 1 Safe Operation l : Disengage for a recklessly behaving road user 

:--c,-~t-·2a16 ·"---st;~~t--··1 ·· ·F~ii~~~--D~t;~i: i ~~-t- -1.4~- - --· · roi~~-~;~-~;-f-;;·~--~ -;;ft~~~~-d;-;~-;~~-~-~~~---- ---------- ····· , 
---·•·---·---- ---:--w--•·-·-·•--..J• ---·-·-·-·---·-----·••---·---- -~-------- '""" "'"."'•-· •-• · "- · --·---~----•·•--•· • ,.---· --·----------- ·-- ·-••-·--·-- - ....---•"" -·""' .o-•••-; 

Oct 2016 ' Street i Safe Operation i - : Disengage for a software discrepancy , 
_ __ ____________l.._ __________·+·--·--------------------·--..1.............______,________.. ___________ ______ _________ __ __________,________________ ____________________ -- -~ 

Oct 2016 i Street ' Fai lure Detection \ 0 .6s . Disengage for a software discrepancy · . 

. Oct 2016_L___~tre:_:_j~~~~-Detection 0.2s i Disengage for a software discrepancy 
------·------------·­ --·-----------~ 

Oct 2016 Street j Failure Detection ! 2.4s ; Disengage for a software discrepancy 
---, 

Oct 2016 Street ( Failure Detection 2.0s lDisengage for a software d iscrepancy 
--· - --- ; __ _ __________j 

Oct 2016 i Street [ Failure Detection 1 0.2s !Disengage for a software discrepancy : 
:.....,.___........._........,fi. :............ ..........._ _ ......, _........._...............__..~y--...----.L._......_.... .... ~...... ..l-ooo-.------- ..............,..._ ....,.._....._........._...._ _...__.._.............J ...-...- ...--........ . ............................l 


: Nov 2016 \ Street I Safe Operation ! - i Disengage for a recklessly behaving road user i 
-·-·- ·-·--------··--'-----·--··----·--·--·r-----·-··-----------·--·--···+-----------·-- .........'..----- ···-·----·--·-----·---------------·------ --------·----- ·-----·--.. ·----- --·· -·------- ------··1 
Nov 2016 i Street 1 Failure Detection \ 1.2s \ Disengage for a software discrepancy · 

'-·----------·--·----....!..-- - ·---·- ·--·- --·-t-·---- -- ·- - ---- ----·--····- _____t__ ___ _ __ _________ ; . ... ·- -····· ·· · ·---- -·- - ·-· ··---·---- - - --------- -- - --- - · - - ·-· --- · ·- ·· ··--·-·-· - - - · 

l •Disengage for incorrect behavior prediction of 
· Nov 2016 i Street · Safe Operation \other traffic participants 
~----,- ------- -·-----L--------~---~--~~-----------·--·----------·-· 

Nov 2016 ! Street I Safe Operation ! - j Disengage f~~~ercepti~disc~ep c:ncy________ ......! 

-No~ 2016 i - Str~et ~--"Saf;operati;;---r-- ; Disengage for a perception discrepancy 

' N.ov 20l 6 ~-StreetIF~ilureDet~~tio~-~O.ls !Diseng ~ge for a softw; re discrepa~-~;..-----~---....., 
>---· ·----- ·------~-----·-----------1 --· -----------·-----·· --····..L.------·- -- ----··----------·-----· -·------------------··-·---·--·---·-·- -·--- ···-·---·-----·-··--_J 
Nov 2016 j Street ! Failure Detection [ 0.1s : Disengage for a software discrepancy 

,-----·-----.------·-··+····-·------------·.·-----·1·-·- ·-·---- ·- --··----------·····--·- --·----·--·}- ----·- -------~ · .. - ~~ ---------· · ··-·· -- - ---'···-···-·-·--·- -·-----·--···--· - ------ -- ·~···· ·-- -- -------· -- · · -·- ·--·-···· .... .......... .. .. - ..,..... ··- ......... 

. Nov 2016 ! Highway l Safe Operation ~ !Disengage for a perception discrepancy- J 

--- ·----···- -·-- -···--~---··--·- ·-·--····--· ··---·· ·· ·-·- ------·····------···------~--~~- .... ... .........J-...· .. ·-~-·--· · -· -----·------ ·--·-· -----~~--··- -· ~---- ·-- · ··-·---·-·· · --- · ---·· · ~··----- - ----- - -- · -·---' 


' Nov 2016 : Street Failure Detection ! 0.1s 1 Disengage for a software discrepancy · : 
............... ............ -'-- ·-----·-----·------L...... ---------·-- ..... .............. ,_______ .. ............... .__.. ________ .......... .......... ..- ................................. - ------·--· --· - -· .............. 
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------------------- -------- --···-- ·- -· ----- -------- ------ -- - - --·-· ­

Appendix B 

Autonomous miles on public roads in California 


for each car and month 

(shows last four digits of car's VIN) 

Dec 2015 

. Jan 2016 

Feb 2016 

. Mar 2016 

: Apr 2016 

May 2016 
'···------·­----"·­···· 
' Jun 2016 

Jul 2016 

Aug 2016 

Sep 2016 

Oct 2016 

Nov 2016 

Total 

1,342.8 724.1 ' 0 .0 1,684.1 2,310.6 1,201.9 1,447.8 

250.2 837.0 i 0.0 2,887.8 1,180.9 888.6 . 2,244.0 

570.1 1,334.7 ' 0 .0 880.4 0 .0 ' 604.5 0.0 

1,239.8 1,313.6 . 0 .0 0 .0 0.0 2,484.1 0 .0 

2,190.1 1,476.4 .. 0 :0 ' 32.2 ' o.o· 2,035.7 0 .0 

2,468.5 2,216.1 · 1,556.4 ' 2,492.0 1,194.4 2,290.5 1,859.6 

2,056.6 2,133.1 172.8 1,591.8 : 596.7 2,120.7 1,157.8 

2,085.8 2,554.0 2,198.0 407.9 ! 0 .0 ' 2,613 .4 1,487.4 

1,938.9 1,321.5 2,105.0 0 .0 0.0 2,442.8 2,639.5 

1,399.1 3,000.6 2 ,864.9 0 .0 0.0 1,670.2 I 2,150.6 

0.0 2,213.1 ' 3 ,567.8 1,571.2 0 .0 0 .0 1 3,448.8 

0 .0 2,389.3 3,179.3 2,529.5 0.0 ' 0.0 3,804.2 

15,541.9 21,513 .5 15,644.2 14,076.9 ' 5,282.6 i 18,352.4 20,239.8 

1,716.7 l 1,580.9 

475.0 ! 1,318.9 

587.3 1,683.1 

1,538.7 ' 1,005.0 

285.9 2,278.8 

1,503.8 1,499.7 

1,556.8 1,630.7 ' 

1,458.5 449.0 

1,81 8.2 527.5 

1,979.5 1,959.1 ' 

3 ,855.7 1,989.6 

2,378.9 2,668.5 

19,155.0 18,590 .8 

Jan 2016 0 .0 0.0 795.0 2,488.4 0 .0 2,914.7 2,527.0 ! 

Feb 2016 

' Mar 2016 

0.0 

0 .0 

0 .0 

0.0 

1,01 6.7 

1,667.3 

1,734.9 

2,197.5 ' 

0 .0 

0.0 

1,085.4 I 

0.0 

895 .9 ! 

1,91B 
.·------ ··--....·--~ 

Apr 2016 1,404.5 2.7 . 2,445.5 . 2,038.0 : 624.3 : 0 .0 733.6 1,445.5 953.8 ' 

•May 2016 2,050.6 1,955.6 2,461.0 2,003.8 ; o.o i 987.4 952.7 1,690.9 921.1 ; ____, __________________ . 

Jun 2016 1,149.7 1,015.9 . 1,134.0 ' 0 .0 0 .0 1 594.4 ' 0 .0 ! 526.4 
I 

1,420.2 ' 

Jul 2016 634.4 0 .0 0 .0 0 .0 0.0 209 .6 1,540.3 312.2 i 886.5 

· Aug 2016 0.0 0.0 0.0 0.0 0.0 0 .0 1,435.7 0.0 1,462.2 

' Sep 2016 I 0 .0 0.0 0.0 0 .0 o.o : 443.6 2,098.7 0 .0 0.0 

: Oct 2016 
I 
I 
I 

, Nov 2016 
I 

980.6 

2,611.5 

0 .0 1,465.3 

1,482.7 

0.0 

0 .0 

0.0 ; 
·---·--·----·-···-····· 

0 .0 : 

0.0 

0.0 

2,268.0 

1,561.0 

0.0 

0.0 

0 .0 · 

o.o : 
-··----··-···-·-· 

Total 8,831.3 13,146.6 11 ,163.7 : 
.:................. .. .i.. 

7,902.6 : 2,235.0 15,872.7 10,761.5 6,461.8 ; 
············-··· ···--··· 
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703 .8 
I 

, Ma r 2016 i 1,172.4 811.8 638.8 i 0 .0 2.1 : 0 .7 2.1 2.1 

Apr 2016 [ 2,340.8 1 1,846.6 . 305.7 
! 

924.1 ! 0.0 1.3 l 1.7 ' 1.5 ; 0.7 

· May 2016 , 532.0 829 .6 851 .5 73.2 ' 0.0 0.2 0 .1 1 2 .5 ! 0 .5 
!. 

Jun 2016 I 
I 58.8 768 .9 1,140.4 1,266.0 0.0 0 .0 0 .5 1 0 .3 0.2 : 

i 1,638.9 .Jul 2016 1,312.2 13 .1 0.0 0 .0 349.0 485.3837.8 568.4 ' 

Aug 2016 i 0 .0 0.0 . 1,745.6 2,343.5 271 .8 ' 1,105.7 991.2 2,368.6 1,603.9 ) 
.. --~--~·- ... --···. ~--- ---~ -~·-·-· -~-·-1 

Sep 2016 i 0 .0 0.0 ' 2,601.4 1,234.8 259.6 . 1,7!\-3.3 t 611.6 1,484.1 492.4 i 
~--------·-···· · · ----·--·-----~--·---··-·-·. - ··--··--'··-: 

Oct 2016 I 0.0 0 .0 2,181.5 0 .0 1,559 .2 1,352.6 ' 1,784.7 1,733 .3 1,121.8 i 

. Nov 2016 I 0.0 0 .0 849.7 0.0 529.6 i 369 .7 963 .1 900.2 854.7 
I 

Total 
I 
I 9,711 .6 8,472.0 14,616.6 10,132.7 2,633.2 4,578.4 4,355.2 i 6,841.8 . 4,563.6 

I 

0.0 80 .7 290 .9 1,141 .8 0.0 666 .9Jan 2016 
+·--·- --...........;.............----"·--- .. ·-· · -··+·--·-·..--..··-+·-·"··---- --- -!---- .. --- ·-··-~ 


Feb 2016 0.0 18.5 3 .3 0 .0 . 207.1 0 .0 ! 14.2 : 

. Mar 2016 o.o 739.4 j 263.4 660.9 o.o o__ __ ..,i ___________ _____ ______.o __ 143.7 ,_ ............-.. ..o.oj - ----~~~-:~~ 

1Apr 2016 .........a...o ____ 1.1-______6-.. ___..8____,_-o 715 ..··+ ....--. .. ··-_o..:o.:,.. ...........o·o 1.o12__5 o·o ____:~.:::'..:
___+ ._-_1s ~ ___ 1_ _-_-_.... 8- 2 ____+.. ------··__ ___...9 -___ __-______ ___ ____....L ____ _______ ·_·-+· ............._____+'-­..... 

1 

May 2016 630.3 1,582.7 1,535.1 1,393.2 i 0.0 ! 0 .0 628.9 ! 1,848.5 1,783.0 : 

Jun 2016 1,351.3 1,650.1 1913.6 1,563.6 ! 0 .0 0.0 639.1 794.5 1476.1 

: Jul 2016 1,332.6 1,787.6 2,259 .5 1,828.3 0.0 0.0 1,919.1 2,108 .7 2,179.9 : 

Aug 2016 1,631 .6 1,790 .0 1,702.9 · 1,818 .8 0 .0 9.9 2,393.4 i 2,273 .4 2,410.0 . 

Sep 2016 794.4 1,975.2 · 640.8 1,674.9 207.9 • 759 .6 1,918.3 ! 1,727.4 1,740.0 

Oct 2016 1,020.6 . 1,580.7 i 1,306.8 1,288.3 1,852.0 1,533.6 1,401.8 1,542.4 944.2 
·-···· -···--­ -- ----.. 

Nov 2016 1,206.9 1,157.9 1,033.0 1,266.9 : 1,044.6 689.4 1,381 .7 323.2 1 :~::.~ :-~J 

Total 8,839.8 14,829.5 12,020.8 _~~_.1~:~1 .... :_._1?~--~_;__ __ 2,992.~ L~~~~-~:-5 . 11,416.o 1 __1-~~~~~~~J 
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Feb 2016 347.3 713.0 142.3 i 421 .1 44.3 i 193.0 259.3 i 0 .0 40.2 : 

i 
.. ,·· 

· ;;0c; :1T-· I

573.5 . 146.5 . 735.1 271.7 : 0.0 489.4 tMar 2016 799 .1 652.8 

i 


601.3 1,006.2 1 1,117.3 994.9 8 .9 391.1 i
Apr 2016 1,483.6 1,260.0 1,148.1 
.-... -----··__ ). 

760.2 1,408.7 1,593 f670.6 1,322.4 1,685.1 ' , May 2016 996.3 240.5 1,131.8 
·-----·--- --

Jun 2016 1,444.8 1,164.3 i 543.6 1,085.5 1,376.3 1,669.21,153.9 1,167.5 333.6 

Jul 2016 2,060.0 2,259.8 1,601 .1 
 2,050.6 2,240.4 . 2,115.5 1,760.4 1,785.4 2,007.6 

904.0 ; 2 ,342.4 2,081.1444.4Aug 2016 1,993.1 2,500.7 2,571.0 ; 2,293.6 ' 2,157.3 . 

1,365.6 1,800.6 : 1,803.2 I 1,360.6 
 1,520.6 1,920.1 1,946 .5
Sep 2016 1,769.3 1,585.4 

1,581.7 
 1,643.6 1,642.1 i 1,380.4 1,727.2 814.5 1,503.1. Qct2016 1 1,032.4 1,454.4 

917.2 ' 1,226.9 916.7 ' 1,011.8Nov 2016 1 1,679 .8 1,382.7 880.5 664.2 1 1,650.8 . 

10,874.6 10,523;6 13.476.0 :11,440.0 13,862.4 13,239.2 12,158.3Total 15,989.2 15,351.3 
·-···-----·-___ ____. 

Jan 2016 7.0 1 1,409.8 1,205.9 568 .0 0 .0 

Feb 2016 0.0 · 20.8 , 433.4 605.7 i 701.5 282.7 : 3.6 

Mar 2016 134.0 10.9 247.2 . 410.5 147.3 9.3 0 .0 o.o I 0.0 

0.0 ! 
I 

Apr 2016 654.3 0.0 347.5 2.7 415 .3 665.3 O.O ! 0.0 , 

May 2016 839 .3 0.0 1,154.7 40.2 765.9 1,293.7 : 3.9 1 0.0 716.7 : 

Jun 2016 63.8 698.7 1,482.2 . 2,038.9 ' 1,461.3 363.1 0 .0 145.6 1 

1,890.4 t 
--~ 

· Jul 2016 1,277.8 1,900.1 2,028.3 ' 1,690.5 1,841.5 0.0 641 .2 
______t_ __ ________~-----l.---···-···-------· 

' Aug 2016 2,418.6 2,013.2 1,949 .3 1,977.1 2,149.7 1,906.4 ' o.o: 
·----···--·-­ -- ). . i 

o.o !• Sep 2016 1,687.0 803.9 1,468.5 1,907.1 781.0 2,231.2 1,935.3 : 

Oct2016 1,759.8 302.4 1,416.3 1,882 .7 1,671.8 1,657.6 ' 712.7 1,804.2 0.0 

i Nov 2016 580.6 778 .8 1,106.5 . 1,002.3 840 .6 1,266.6 620.4 405.6 0 .0 

Total 10,215.4 7,862.8 . 12,178.7 12,137.7 13,908.2 13,943.4 7,386.9 i 4,329.3 1,503.5 . 
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0 .0 ' 325.1 2.2 

Feb 2016 0 .0 0 .0 ' 250 .2 ~ 176.2 i 0 .0 0 .5 ! 
· -------~-------- - ----·· ···-···········-·-----· . ··· ·· - -·----···--· j-------~----. ~ ---·-·· · 

0 .0 o.o ! 9 .6 222.7 !Ma r 2016 0 .0 16.1 
------ --------·- ·····-- --~-- ---------------···· 

19 .1! 636 .7 ( 0 .0 0 .0 Apr 2016 0.0 602.9 
........................-~.-- ......... ..................! 


- -~ ------- ------..
· May 2016 I 0 .0 1,453.0 718 .5 97.5 0.0 801.1 
·····---~----.----·-···· 

1,082.2 1,228 .0 i 1,682.7 ' 552.1 Jun 201 6 0 .0 1,257.5 


J u l 2016 0 .0 2,025.4 


' 

1,859.6 1,755 .0 ! 976.7 · 1,856.6 !' 

Aug 2016 I 0.0 2,239 .5 
 2,374.3 2,189.4 2,104.6 ' 2,314.0 ' 

Sep 2016 I 1,262.2 1,6 48.9 556.4 669 .7 1,475.3 1,975 .6 ' 
' 

Oct 2016 j 1,163.7 718.1 536 .4 1,406.8689.3 0 .0 
! 

1,202.0745.5 o.o : 100.7Nov 2016 
] 
j 354.9 ' 790.1 : 

··-'"·---;---­

To tal 2 ,780.8 ' 10,817.4 8,601 .2 6,4 01 .2 : 7 ,150.1 10,970.3 
...........................L. ------------ ------­

­
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