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> % ( Planning ) ‘ANEREMBRSYIAREREENKIER , (MEEBAMENSRAUTHING | i858 F BRI TEE

> #EEMILE ( Neural Networks ) : BIIDITHABTARFEE | SIHENEHIRES (MNE/RE/NINERE/EEE ) 65550

> YIEREE ( Training Data ) : BE&FHAVADEIRERA. A RIEIFERZIHITERR , FREIREAR

> JIGEGEENE ( Training Infra) : &3ECPU, GPU, 1R&EMZEINIEESETT ( Neural Network Accelerator) . AlfgiF¥EsE , HPAIGHIESHE
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HWFRHMBAEENM ( corner case ) FIRFE—EL O Z, SHRRIFS DR AT K -

Occupancy Networl O JIEKETRIRARLERA . gt EOWABANEER=SNESE , STER—RONE , TERE
AR RIS R | TINTES MRS ROSRITE | R RS
HERBXEREISSEMBMAIRPESE | Kz SRR IEERAHAE , LRI | 1SEIIES 75
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. BRRAERREET. NITEEEEIES | TS e S ST A RS
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The Final Architecture

Explicit
Vector Planning &
Space Control

Steering
& Accel

- Vision
ﬁ}ib(&w& S5 Intermediate
;,., i ﬁﬂ%ﬂ’ﬁ—ﬁ Features Neural Net

Planner

BWHEEEIR : TESLA 2022A1 day , youtube , fEFHAFTETEEIR BlsE - TESLA 2021 Al day , youtube , {E3BFH5SET
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2016 2018-2019 2020

Regular Network
2D Detector

Software 1.0

Fusion-Smart Summon
Transformer

s ¢4 (e
Dk £232)

Multi-Task Learning— “HydraNets”

AI“”H( Manual Labeling é’g»;"ﬁ)ﬁ] | Auto Labeling I -%ial% é]
Image Space Labeling :}%*ﬁ:,i HydraNet Vector Space Labeling if]’ﬁ'wi
640x480x1 640x480x4 Task 1 Task 2 Task 1 Task 2
2 2 cls reg cls attr reg cls reg cls attr reg
€ oD Decoder Trunk Decoder Trunk Decoder Trunk Decoder Trunk
I oy l Multi-Camera Fusion&BEV
S— Multi-ScaleFeatures . Transform&Transf =
RegNetBEPN_] Ligzi3 &
IR 2% Multi-scale  Multi-scale  Multi-scale
Raw Raw Radar Features Features Features
saram s RegNet RegNet RegNet
o fE 2D B a1 A X @ +;§:PT\| +§igFP?\l o;i%P?\l
ITAEERR I WA Eaen AL, iR
AT SR 47 [5akb %kl , %3 Rectify Rectify Rectify
o HAFALIRE, LA
HRiE 5 2 2 Raw Raw Raw
. ER RN B MR8 R MRAL
" i Y% %% Remove Radar
Input=rbackbone i 1"\1{ ;b % gk ’
- neck— head—0 — N
utput

2021

Spatial-temporal
Video feature queue

FSD beta 9.0/10.0

Auto Labeling
Vector Space Labeling

Task 1 Task 2
cls reg cls attr reg
Decoder Trunk Decoder Trunk

Jilﬂ AL IRAX, AN S WS
| #% 7 é’& Video Feature Queue/Video Module
aRA

Multi-Camera Fusion&BEV Transform

Multi-scale Multi-scale Multi-scale
Features Features Features
RegNet RegNet RegNet
+BiFPN +BIFPN +BiFPN
Rectify Rectify Rectify
Raw Raw Raw |_1 :

20225 vAJG

FSD beta 11.0—FSD V12

Occupancy

BRKRR | SEZOHMIEARS | BFARAT
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EZ : OccupancyBXURR T —RRFEEYIIRBIAJRR

Before After

Before After

Gets object shapes
for free

We use a fixed size rectangle, no we note the volume as occupied,
matter the real shape of the and therefore don’t risk hitting
truck that

Fixed Rectangles vs Volumes

we didn’t “classify” the pallet, so we note the volume as occupied,
there is no object (=crash) and put the closest object (a
truck)

BEISEE - THINK AUTONOMOUSER |, fE3RHF53AT

B L RE 2 B SRR R, FEERWTIES Www.poipo.cn 13
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A

EBEV=@WN#H
TR ERE

FHRINFER

A

EINFIRETE |
1Bidbackbone

P TAHEREN

Multi-Task Learning

2. De-Couples Tasks

3. Representation Bottleneck

BHISIR : TESLA 2021 Al day , youtube , EE5BH5SATEEIER

BB UIRIEIEX 2 IGRERIRE R ERA.
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PIEEALEE—NKIEMEE ( HydraNets ) HETF

( Backbone) . #i#B(Neck) ) 55153 3Z3LER
(Head ) HE4HERL. ETFEERASIEUERELS EEM
20z (RegNet) 2 2 RERHIERI & 4513 (BiIFPN) SRk
Bl |14 , RENHIMEBERNZ REMTFETE (multi-
scale features ) , RGELIERIERRIESREST
B FIRLE) | FH R H BN LS R

{fi#5— : fSEHLZ= (Feature Sharing), {EARE—EF
PILEIREVFIEF S48 SLERER |, eI LATE K ER o i
FF LiaTRIRIEAET  BRARESZEESITEN
%, BARERITHER

(¥ : (X55#48 ( De-Couples Tasks ) . FFIXE!
FESZETLAHTHRE |, X AR R e — I E
% WEREIMESHARAVEIEEMESERIER | 7
RANAESE
fi8= : $$1EETF ( Representation Bottleneck) .,
EAXBFEINE , TS ERFERER  BERE
B et
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B IREIROEETIGIEE , NSIBRARTHESEE | o

O Step 1 Ef§%EA (Image Input) : RIEESMENE R | SIRIA12(IRGBER ( MIFEERISH] ) BhELEMEE, £ TAEEEEE(HE
SRR 16(5 , BIAER ( TREERRFIETEGESLHIEISP )

O Step 2 E§EE (Rectify ) : BEARLSEREDNSIERLREWE—MNERARMMEENE , FRISERTFRELLEINSHNER | 0]
BESECRENEIEFAEMIMRE | ASHRIAERFIERFIANT —F "EinEEN(virtual camera)” |, SINBGIFEINSEEIRE
XEINEGIEEEERE. EESFANNER  fA—REEIR—EEMRERGSLA R, NISSIISHRGELRIGEIERIE | i8R
SIRE | HIREIE—EU: | BRERIVEIEERLS TSIk

O Step 3 4HEREAY (Image Featurizers) : FB—%HRegNet (4FEREML , specific class of resnets ) FIBiFPN ( fIN N E4FH IS FIE
K48 ) YE R EG=S BRI ET

EZ : po\virtual cameraiEEEEIRRE

Problem: Variations in Camera Calibration

BHRIEE - TESLA 2021A1 day , youtube , ZE5RFR5RART
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B REIRARAIIGHEEL , NIERADIZHEERY T T

O Step 4 19iE=S[AfIE ( Spacial Attention) : EREGLREINEUERET [BEVEERERE] WiE—H3DMNE , RITEEGERIESN
#(key)E(value) , INGE—MNERNIREE (#OERE [TransformerffEME] ) . FTENEENBLEESHETENFHE  XESHEST
[EWSE SR L NERELIRHTERNE |, RESHIEE. ZARFEZETILUSHERE. MRS/ TR E R HHE
Frztapllee ey

O Step 5 BJEFIFF ( Temporal Alignment ) : FIASHTEEIMFIST—EHRER , FERRNOBERNOERREY. SI14/RMN
REERIREIMIE , ATIEEREE |, BEUA4ERL T per volex feature MAPEIAZIMLPH |, fEE13DZSEIEIA ( query ) SEAEUER S
IR EFMEXER

B2 : BEV+TransformersCl] — 4 E/(& 28 AM =4 a2 25 alisEs EZ B A B B S s RN aRig 28]

Video Neural Net Architecture

AQ,K,V)= softmaI(Qi;
3

RISV : TESLA 2021AI1 day , youtube , E3BEFFIFR ORISR : TESLA 2021AI1 day , youtube , ZFBHF5IFR
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ETF3D Occupancyis{FEERISHEMIER ¢ ==

O E%,ﬂEL&M@&E&%—Alﬁﬁﬂmﬁﬁﬁ%MEt,AﬁMnWKHMRHW%¢ﬂwELOEWﬁn,Tu
SRIHERIZEE. BEE , fERERINE—LUR YIS HNER . REFERSAItESEX S TIEE, XM EEENT
%ﬁﬁﬁ%ﬁ%@%%%&ﬁﬂ%

O =@y, ?;I)\Map Component , R TIRBEMEPXTEBL/TARMKENGER (FEEHE/RE. FHEERM
%) | ABXEERESERHTHE , SUREMEIEHLHEE—E4EMEFES ( Dense World Tensor ) £5%If542
Vector Lanef&Eik
B | Tk MRS RFIREY

EF2D BEV HTF3D Occupanc

EEBE(RERA A B RAN

FSD Lanes Neural Network

* Road Level Geometry & Topology

nnnnnnnnnnnnnn

ZEIskiE : TESLA 2022A1 day , youtube , fEFBHFZAT
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Language of Lanes”

I FF & §& 2l bt 8
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&L R (BFF R EETE 3D RIS
s (HHERARS )

TFEE— R E MK
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EIkIE : TESLA 2022A1 day , youtube , fEBHFZET
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LRI RAVAR KT/

(AR : AN{aRliEEs

EZR : FRISYRALE — R ERAVRAN

Left Pillar Camera Backup Camera
4 i !

V|

O FEUFEMEHEN  ESERRR LSRR T
—ERASCiEEE. FEILIISMERERS ST
MEREXN . BaSHA G EIRIME
BHRERN. ATRERVIER , #HER

RegNet L RegNet

Ego’s kinematics
Candidate ego trajectories

Lanes & Traffic Controls

[

Transformer

5

e
_— Convert to

1

Video Module Video Module Video Module

Detection Head Head Head
- (Rt Tmbtiny] [TSBevan ]
.....!
RN

IEEE

Video Module

Head

_>'

Sparsification Enables Efficient Allocation of Computs: = 5 | &

FRISEIER - TESLA 2022AI day , youtube , fEFRFA5IAT
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| moosrmssnmponmn: . EAFeTRE €

| SMEESHETRERE | | tHIZIE1000 ABIBATETIFE | [ BEhiwE |
ElZ : SHREUER EH2DF TR BiR LR 4D R E

EI2DElGHITIF {EBEVZ @ FitiT4DBaltRE

4D Space + Time Labeling

2D Image Labeling

AN ey . 48 =3
BFIKIR - TESLA 2021 Alday . youtube , BFRSIAT 0 &Y EoesiusesEs | SRR E R T

O (% - E2DEG MR EHEFIN , BRI TR MR L SRS ARG
HH— 2O S . LA HIASE ( Bounding Boxes ) O fifi% . EEERETETHTRT | BERIGEENEG+
O R SRERANBRAT , TIFRRKA , iR O i : eSS ABEERT ; BT RESESFIPIREX

RIEEMRE | NIRRT
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B « ST RN TR R

Challenge: Build an Auto-Labeling Machine for Lanes Net

SoipaEE , B4D BEV: BE
SATHIE e RERTEEEN, RADE tFsD

Sibt T2
ENTHRE

f-ﬁfﬁa; O AILAEUYLS005/ NI A TRIE

e, RBEEEHETIEITI2NG ,
H AT LATSR 1 0000;R4 T2 4ZRHY
i
image space (2018) single trip (2019) top-view (2020) multi-trip (2021~)
3D label manual aligned reconstructed
reprojection < 1 pixel < 3 pixel < 7 pixel < 3 pixel

topology unlimited up to reconstruction
Labeling / clip 3.5 hrs < 0.1 hr (avg) < 0.1 hrs (avg)
compute / clip not needed 1 hr 0.5 hrs (avg)

et=1F-] 11114 medium high very high

eng. effort medium

BEIkE : TESLA 2022A1 day , youtube , EFRFHZER

S LRI 2 RS R R AR, - sz amiiRes [ETLOEG wwwipoipo.cn -

24


http://ipoipo.cn/

2 FRIIE 35

i TADEIENITE ? —REClipsiBiTHEEMikERLabels € =

B : ADBahtmEidiE

Life of a Clip

O BifnEsE:

s BIYREE—ERATEIARERIRIIA,
IMU, GPS. ERERFHIEGEMER
IMRERTT (Clip, 2945-60%) )

- BRIMRERTLEERSS BB
ﬁwzlxﬂéﬁ'%zﬁﬂlIéﬁ%%uqﬂl‘ﬂ)%%% ,
WHE. REF

. u_kam%%#,iiﬁ!z%z%%uﬂllﬁ
AUtREEEE ( Labels )

EISkIE : TESLA 2021AI day , youtube , fE3BHFZSET
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ADBIRERILAKS

ElZ . ADEMRERISNKELER

= # B MuiE A2k 4 3L (High 2 FHFEE (Muti-Trip B sh4rie#H%E (Auto—Label ing New
precision trajectory) Reconstruction) Trips)
) % AR KA B T A A 5 AL i i LA SR/ R IR/ IR A AR R AR AL B A i AL 1 % Huik i‘f?cﬂgg—t 49 VLAY A4 R AT B
FILS#iT, REet—Fmibiidm,; REALANAN 6

AR I AARIT

FIT A7 b A AR AR A A 22 19 28 AL F B
kb, KB EGE TR EFRIZREH

* T A 0 B % R 30mindk T AL A& B A ARIL,
KA — AN ] 3 1% 52 5 H-45 3 g i < i 232 = w4
LS 0938 Ao 1 344 0 AR A VLB AT HEF-ATRERH LRLRRAREL, 7 R LA BB AT ARIE o XA T4 Mt
oir i A % S HAEAL R E 212 B %

B 8047 F145 4

3. Auto-Labeling New Trips

BHRIEE - TESLA 2022 Al day , youtube , Z=$REFZSFT

BSWINEIEN Z FRYERIRE ARSI, 26
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o gl TIRIES

o o (FEIEHL ( Simulation)

B UARE Z E BB R SR, ERMTIRE WWW.ipoipo.cn
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Iﬂaﬁ KIS ? —SbCorner Case , BIEHERIEMR @ 2

O (AEEUTLURHIISCH R PELERGEEELTFCHIETE | MTINEFSDEESIRYIIL: , THEERELEN

Bz  (EEREE

ETHERC , SI—22H TR, ALESMInRERIXE=

ZHRISIE - TESLA 2022 Al day , youtube , EEF3HHZFR
BERRETIIRE www.ipoipo.cn
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ST EIEN ? — AASE o e

B SEGERIURNAARSE

1. Accurate Sensor Simulation

O Step 1 #RANERSE(HFE ( Accurate Sensor Simulation ) :F3FFSDAIRAN
RERETERGL , AFEEHRGLNSMBIEH TR R | (Erkas
A, BYRYE. BN, EiEH. KERTE

O Step 2 i EEMMRKES ( Photorealistic Rendering ) : 37 EESCAIEII
SRR | FEREERRURMEIER. R e NIRRT
MIEFIR | R MBI A EINEERCERR

O Step 3 ZALRIRESSEHSHMIE(E ( Diverse Actors & Locations ) : A
TERPEMNEETR— , SERANEAAIISHEE , SR EERESS
T T ROEE | BIFESTHNRES SETIFRSA

B - SSELEENRNAASE

2. Photorealistic Rendering

Thousands of Unique Vehicles, 2000+ Miles of Hand-Built Roads
Pedestri & Props Using In-House Pipeline

#EIskE : TESLA 2021 Al day , youtube , ZE3RFR5ER

29
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WARITAERE ? —A KPR ? B

O Step 4 X#lEIHZERE ( Scalable Sensor Generation ) : EEiJr%’fILJ‘EJ‘EﬁH?'éﬂz R HEI’J%%E%& ERBEFRENRE
HETRENTAN AT EERETERR , SINMLBEHEMEIHIIER | ERESHERTTHESIECE | RIFLR
MR | BRI

O Step 5 i#=EIM ( Sensor Recontruction ) :ARKESXHFRABRNEMNEIERE , SNUREGRER  ERSEIHA

"IRAT RIS SIESCHRPFSDAMANASR | IR EME FTRIMWEREERBESERAER |, SC "$iRA3R"

B : SSIAEEIUNTEASER

4. Scalable Scenario Generation 5. Scenario Reconstruction

Real World Clip Auto-Labeled Reconstruction Recreated Synthetic World

=

Building a Pipeline to Replicate Scenarios &
Environments Anywhere a Tesla Vehicle Has Driven

BHIskiE : TESLA 2021 Al day , youtube , E3RFRZFT
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BB 9&"3@
HRIZEBAEIER

A 4
yEIR=y Ry IWIIISE
TRV T ABRSAL
§# , THIEBIENX
SEHISUEEIE

TESLA FLEET

REBUR ?*E‘E“B%IEIEE”%L

1TATASIRR ELRAS
EhRAER , BRISREETRIERIFMREEE Fin

A

TRAIN
ONLINE MODEL

EVALUATION SET

TRAINING SET

- OFFLINE

MODEL

T —
]
SIMULATION

AUTO LABEL
HUMAN LABEL

n"l'*-:;— -

- —

P o

. S

ity

v

ZimiEd T EXIEIRAIALS) it

1TMUIE | IINEIESSET

|
FRIX LA REGE
IR IR E SRR
Mz 2 £ B

A

BRI : TESLA 2022 Al day , youtube , ZEFREFZIFT
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