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HIEBRR S , NTHERBIRRM

PERFORMANCE

RRYER | HEIR U BRIRIAE.
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1.4.2 HARRRER : EREFRGEEIRTiREE] , BEV+Transformerp AER

BEVformer Encoder Structure

bev_query

ey 4uo{g|£1, 256}

Layer Normalization

ﬁ bev_query

FFN

ﬁ bev_query

Layer Normalization

{3 Del guery

ref_pts_cam

Get Cam Mask
split cams

1
)
1
1
1 | Each Cam Mask
)
1
]

get max_len

ISpatiaI Cross-attention

Multi Scale Deformakle Attention 3D

Multi Scale\Deformable Attention

\

feataGrid sample|

ref_pts offset .sp_{oc sp_grids S
indlevel | -yoc2grid

o multi_level_feature

bev_query query attention_weight sp_value, onearenate * m@miou_we:ghf
batch
* matrixzseesiz * MAtrixzseasss \
softmax, split, concatenate, sum, permute, reshape, >0, clamp, map \
P

N\feat1[Grid sample|
FAat2[Grid sample|
feat3Grid sample

bev_mask

.......

Points Sampling

ﬁ ref_pts_cam

ﬂbctl_query \

Layer Normalization \‘ |

1
I
1
I
: Gen Mask } 4 bev_guery M N
| \
ref_pts_cam | i
(LR gy ! = \
E | normsimg I = \
] 1| fill, concatenate, >-1,50,<1 || Deformable Attention
2 ! I o = -
& ! f : s 2l sp_loc © Zlpgrids| Grid sample &% \
i e : 5 & — = Y/
3 ! Cams Calibration : 3 S| fusionquery | | & E Tk —— 3 ; \
3 i ) o =8 = sp_value =X (1, *w, )} \
= 1| (ref_pts+ W + b) » trans_matrix || £ « | attention_weight " " N
= | . : E S————— sp_value * attention_weight \\
£ | |split, concatenate, reshape, repeat), |
: - *matrixgyy,gg.t Matrixsyp.ey 4 Mmatrixzseeoss
trans matrix ﬁref_pts__)’d softmax, reshape{rper;nu:e,zugncatenate " s;%hrt,bsum, mean
———————————————— ref_pts_ ev_query
eference Points 30 | af| mm-mmmmm e o L WD i
—! gl Gen Reference Points 2D i MLP 1
E - = s . z * trix |
Linspace(0.5,X — 0.5,X) | d ' S Linspace(0.5,X — 0.5,X) 1 *ma 18x128 =
3 ! H ! ﬁé X +ahift :: ¢ matrixygase 1| |3,
] : al| || Wb conc reshape, add|, | reshape, relu, add !| | &
| concatenate, reshape, repeat|, T T T Shiftnshifty d e 2
- o T s =
L :'r ta g.a—r Ego Pose Align Unit ! 2
i @’
Camera Camera Previous Ego Information BEV Feature BEV Pose
2D Features Transformation Matrix BEV Feature (can_bus) (bev_guery}
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Transformer R 87E B &) SR FRIVEN AT H
RIERI :

>  @Transformerft BAIE S B FOITE IR

RIS IREARIE R,

> @TransformerfEb IBXIMESIEEIG S FE&

5, Bk Ea] LIET S EEG RS
TRBEGRERIXREXR | EEFTHERESTE.

>  @Transformer KI5 NiFEDHIH , XiE

EEEEMIELEMER  ENEHTEEEES
RHITHERER | EEtsEsEEEEENZ
{LaEn.

BEVformerfwi3zs R BMESHLH :
OREBREENS : BEEREERIEXSH
previous BEV featurefflcurrent BEV feature#]]
tnitaIbev queryfiTRIZZiE B (deformable
attention),

@OF MR FEEMH : M2DBELFIEFIRE
BEVAHIE . BEIFFZRARIEESE | RAZE
&kquery , IBINMAIER , —2RELBEER |
AJERBEVEEIFRIEMEGELEERE | B— 1=
RIRBARER |, ABRIGANRAINSE RlRE.

i
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1.4.2 HARBE | TG EERES)EES] , BEV+Transformerpi AER
ASHIRRETA# I Hy draNet 0 REEIEENESOASEWEESTT. MESES,

2021 45 R F AL DayE R EELE® 3| N Transformer ,
StER , SR EEFERES B S| ATransformerZ21g
BUHBSEE | HEEEIERN5 7 NEENES.

MBS ST RN SR X net

3 1 51 2 B b ol B B
JH | B | R O| e | E3E £EIE | EEDR | S
Cymamic Decodar Static Decodar
image-to-VS transicrm Temporal kModule
+ multi-camera fusion
( ) Spaetial-tarnporal Fapturas

< BEW View translormes >

bdultl-scale Faaturas Multi-scale Faaturas hulti-scale Features

-
BIFPN BIFPN BIFPN

’ | BiFEH SiFFN BiFFM
RegNet RegNet RegNet

Recti Iy Recti 1y Recti 1y m hﬁhﬂiﬂ Eﬂibl:l'l

raw raw

Pillar m Repeater m -JJ-"]:'_‘ Iul"q:_ W |L|l:[\ i)

BHEEE ¢ TeslaAlday , FORiFEErE BRI - ETEEN, TS EE
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‘ 2 WSHRRIESENE | BESOE | QUSRS

2.1 @t - 2BMHW3.0 , KEEGHREmESRENEN
2.2 Fi&im : (KICHEMLESRE | iIERIREIRARBRM
2.2.1 &4 : BIABEV+Transformer , $SERRISEVLERS
2.2.2 = : SINSIFRISHHER | RIEBKRE
2.3 #ilim - ZFAAIERREIE B SEEZ | EEBHMIREREA
2.4 §7ix : DojosERERE] , EMGTHRATEF

2.5 ilkis . FSDHETSCRRBIFL TG , ER(EHEHIENIE
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2.1 fdE(tig - 28

HW3.0 , sS4 LEEME S RahEX

O HWI1.0mHW3.0RIEEN , EHERBEFEASK. 1) HW1.0 : 20145108 |, %FERIE FTMobileyeith &
Mobileye EyeQ3k#mE—iE{4rHardwarel.0, 2) HW2.0 : 20165E108 , 4SEAHEHHW2.0 |, it H EEEEIkE
i, HEESNMESRL+R2NMEBEAERE A+ INEIEEXRKREILR T LTI EN  BizREEEE
Hardware3.0, 3 ) HW3.0 : 20194F48 , &t A frHardware3.08% % , REASEBHFSDS A, BN HEED
IX72TOPS |, inm AR HE ENBEMBWSH  EHNTIAERA |, e LrliRAIEZBiR. 4) By, {58
IEFHHW3.0mHWA. 0SB SRAIEHANECIMER | RRBEXIFADEKE B AFES(ERESTHRRLANUEA |
{EGPUERLES. 1HEIREIEE , FSDCRRERSSERRISEINS | H—P iR TS,

HW1.0 HW2.0 HW2.5 HW3.0
W EEE K 1A 1*Camera 35~ /1*Camera 50° /1*Camera 120°
0] & A8 A 0 2*Camera 90°
&\ e BB K 0 2*Camera 60°
ERKRE X 1*Radar 160m 1*Radar 170m
#E R ER 12¢Lidar 5m 12¥Lidar 8m
1*NVIDIA Parker SoC + = 2*NVIDIA Parker SoC +
P AN R 1*Mobileye EyeQ3 1*NVIDIA Pascal GPU + 1*NVIDIA Pascal GPU + 2*FSD % R
1*¥ 3£ % 2% TriCore MCU  1*3& & % TriCore MCU
ROM 2569k F 6GB 8GB 2*8GB
Flash / / / 2¥4GB
s E A 115 401 40453 T A 42048 i ST A
Ay 4 B K 36 110 110 2300
& Hh & 25W 250W (J8] E40W) 300W 220W
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2.2 F&im : HEREAE , iIBRKXREEHNT

O 1)2016-2018£ : BEAMLKEEMER. EENZEMTWAREDE , I ARESTE SIS WHBEREN_E—ATRAE
FAMREEr (Input—backbone—neck—head—Output) , &P NE—head , ERE—HIBEHMEN , MZEIHF
SBEEIGSIES , NEEL/ A\Y/MESITHENE , BB —iE ML EIEEK, 2) 2018-20194F : ST
SEIWMEMEMER. NEARE—ENAER. BB THE LIS | HFHUEEY SIS FIHE ML
HydraNet , H{ERISIHREWEEBIFPN |, SLII S4SEHZEMNZERAE | IBAEEE. 3) 2020FES : KiIE
BURHME. 4SERAIS INISFAERRESFOBEV + Transformer , $5{ERELS FIRIAEUIBAIRLS SUERIEF | BEVHERGLIFE
2D AT H3DFIX |, TransformerBIHEN AR ZLAIEN S BEVIE BB R4S AT,

=Eoonll: el e e )

FHIRZ (ESSF IMEMLEESEHydraN et

Object Detection Head : #7EAT $SHRRIRZ M Head A%
Wi e, — y
I RiBEESMNFEERIE
Qutput

Head

Neck : IREVES 2945
i , FRNERFFITEEF
E—— ERZFPN, BiFPNZ:
?IEH’XZ:HRJEEI‘J%{EE ﬁaﬁ;ﬁ%m
BiFPN

Backbone

Backbone : {2EVEl% Reghat
ISIE , WBEEEES —_— $SHRhEE ]
fEAlexNet, ResNet, KHERegNet
VGGnet, DensenetZ

WWW.SWSC.COmM.Ccn
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2.2.1 BHIEZE . RBIRTIREMEN , WR=4HRE=H
| rRmERS — - 0 iREiREED : SASHEINER , Wtk
S gL - EHREZME, SIS INERGE
= s 1 - 8DHNBEREL BB ESREE
-5 - NEREGEIENERHITRE B
- IBURGOEZKEHITMNE | RSEE
HREFIREFHITEEIZ)I , AT
-  REISSEERANIE. EHRSTES
gL - FBERER , WEESHRN =M
_— - E=E, BPEaAE. TAFES
gt i - XBEZSY), BiEZ%. RBRR, O
- B, EREERSIMEY , LIRS
| - TTENANMUE. AEf. BE. &
e R B  E. IEESEMSH
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2.2.1 BH-EUEEOER - 193iF b EL

Tl

, SCIRSHRE S

FFHRAR R RN I L5 5044

O FEMAB/Input : S, BEEMNEGLS
FhE N\ 3611121371280 x 960 B El&.

O #BENMER/Rectify : BELIISERSTH
RENHIEHIRE | FUILCERAESRRFIIA
"RV | B A, hElESRAbiE
BEIGEES—REIR R — IR ARG A
tReh, PRUESIR—EUE.

@ O RegNetRIZ&F1BiFPN : j&id RegNetk) 4 F[]
i ; , BiFPNI{THRHMIEREN , BAIARREIBR
iy - - SREAZRERIRES: , $515160x120x64,
== | 80x60x128. 40x30x256. 20x15x512[4
o owy PMNREBMHFHIEE,

v

RegNetf4ZFIBiFPN

TERIREE(C AR |
TSRS

\ 4

HiEEAE/Input
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2.2.1 BN-ZAIEREFE - 2DEY

i

HLIN3D3EHE , BEISRE:

FFHRAR R RN I L5 5044

Feature queue
—[J00E000 -
_~‘

R

image-to-VS transform
+ multi-camera fusion

RegNet RegNet

Rectify Rectify Rectify

raw

Pillar m

raw

Repeater m

Main

(o}
WWW.SWSC.COmM.Ccn

O {SHrfEE S| ATransformer , (EBE ST HES
ISR ESCH R, SHrhEBEVZS B EXSEUGIH T4
et . BB £ ETransformer 52DEHRFEH T
REME , REZGZIBEVEHE , SCTIBEVILARVELHE,

1FHRRLE Transformer 92 L SN FNIS B ME
L EIgEE i IkeyFlvalue , ABIISGIEBIIEE
HNARBTIEESEASTERF . ERkE | Key
FValueHZ RESF I 8 Z R RN (MLP)
BRI, MBS IS BT HELESEI2E
AR EE (context summary) , FERTRIHLHAIBEVES|E]
Mg TR ERID(positional encoder) , Bk
BEMMNERBEBBYI—EMLPEILIEEIQuery.

FEEfEE/Transformer :
“HHEIESCIN = 4T | BT SIMERIsctH R

BHRDEIEATransformer , ATLUSIBEIRE . HZR
IR FRZR B3| s %

U HRL il , B0, FiE%
s, BirteNERERE  FEEEXE.
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2.2.1 BH-FERNCIZE | "OEEHFER | 1RUEHERCIE

A HE R S R R0 £ 5244 0O 4SEBAUIRIR (Feature queue module) FASREFTFF
YFE , MBTER (Video module) kRS RF LAYE

B, SERANERIUHER S T B ERISEIAHE |
ERZE{EHeadse R THERSHSLENEI .

ERNCIZIE :
RHEERFER , RUENERICZ

O FHIEPASIHEIR : BT J9Rd R AFEBAFURNZSIEMSHERA S,
1) BIFISIERAT : B 27msiE— MNMSFEIAPBAG,
RS FRAFAERAS AT LIRS E AN 5 5RAV I | aNiEEnd iz
RERNBERES | BRI LIE BB RISk

- e i TRMEANESR, 2) SSENSEPATY : SaTHImIE— M
) EMNBAG , FIFEATRT — X BB (B4 Lt 5

& EZRET |, —EREJEIZBIRYERS FRAFAE RN
AUFERHPAMIESR | EIFEERENFEBATIICE—
EREERS Z B ERISI kBN S RB IS E R

O SRR : SEFRFE RN NG EDMSELR | 6y

R

- — FZ =S ARNNERR (Spatial RNN Module), RINRLHA
N AR R T RSB SIS, YT
et || meener || oo | I
) [ man ) [ e ) [ S R =il AT 0
= = - BTz, BT TR SR | SR
e - — R A R A B TR S .
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2.2.1 B - FERRSERIERS | BHESDERNSERE

O BHERRAHFIERAES  HSUREFNTERS. FIENRAEMESE  BAEEMENET | BEER
REEEEZHRRE | FIRHIEEEZER  NTIESHERRE. RRKIRFAR, MHIHERRSE LAER AR
AUBESLIE—4HER1TRA | BIRESEFtRRERGEEREN TR, RIBFHTHAL DayRrrIRERENRE |
EBEVE[AF IR ISR BT T/arE | R RSB RRmELE FHEXENER. UNREHET

ETRISIREMER,

FFHRM{EBEVE IR {M GRS FIFFE KR SRIRIILL

=T : EBEVEEPMEMSAIBR &F: BEVEEPEISIERMS R
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2.2.1 B4l : BEV+Transformeri2 2B , PO H<REI)5E

0 NEEESNGAME , REFKEEE. Bal, Ba1SENACKINEETAZHERDS | (BEHRsKESEMN
HimERE , BaSWEERGT RS DRPAMELLS R |, MBEV +transformeriy ABiiZ it £ S AN RtEIRaE
KM ENBRRFHIENEEN |, #—PRERANVIEMNLT M. EEERIAYBEV + TransformerZBias | i&@id
BN FER. SINGEMNE , EiXRNZAEENHE—IEA | ATEESRYIES AR EIHS (Corner Case),

> IBMBEFER - A0 EENSHITRES , MREITALEEEEE | RIEAREEYIES | RSF(NEER
FBES | BRARGTE RAIRIZI N T AR B TR T A BOESRIER | NI EZ 2N, BAKSNAILURE
HRELBIAREXRITASSBIBRICIZ , RREWTABIESRIXEGE , NTERmEEL, B, ASErREams
BRGNS 2R PE I AR FRFINHIER | (ERW LA B FR LB BRI ML | B — AR EURISIE |
RIS TUMRERANER.

> BINGRAMLE : ARNSH "FEER—MERRREMNA , REBRRESHAGA" | ARIERES TEDEEX
RFERER | (EFEAMBAFENSREBEZS WK , NTRMEERZCaE IR RAGFERIAR.

FFHRRITE RS S | AR RINSHIEE FHrRL S BMGETE T 1= PRI ERSR

it : BEBRTIETNEE, dEBETALIIBEE
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2.2.2 EREE  HEBBRRGE , SHliERINE

O #U=AAES : 1) IEOHE(Non-Convex) : BE—NIRERSHERLE , MLIGSHER&ME | LW, HEE0E
RIS NIEERIREL | ERBETREESZMBABHRM , NMIAEREHHERRER. 2) SHNSHE/
SHUTARH  FMTREERSSH , RERRNERSIEINERITENSERER.

O ISHRRIRPRAGE : 1) WFXEE—FINE | EEEARBINELT R, 2) HFESIMUERENSREE : £
HEANBRSHI=ERETET  ETHEBRHTISHEIRER | SEASRRIR  ReRER2E. FEE. B8R
MEER , BSRLBEHITIN  BRNARERS. ATTEE. MEENSIES | TEIEYEE. IREE
S ERERE | REBRRMIELDSR  REREMNEFIES  BITEREZES | SSMBHEH.

FFHRAR RIS RERTT 2

Our Solution: A Hyb

R RTR:

MEZE > EATREB AT IIRE > S48k > FLEBARK > 25 RER

Vector Space Sl Convex Corridor Continuous

S . Smooth Trajectory
Search RN Optimization PSRN
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2.2.2 HERE : SIANFITFGIHEER | SRR

SIANFIFFIGRHER , RREHRE. 1) BRIIEE : XAA-StarFi% | BRMEYERER  EEREIERDE
VUEZERRAM , FRIFA0FRER. 2) BEFShNBERRAER | FENEEZENER MRSMSHESE
i, SHEEEEATERIES 10+ , EEFERINBIraSEIERARE R, 3 ) BEFHENENSISRaH
2R | B HENETTNS N T REREIRTS , BTRRTERETSNPRTER , B TRBERMERTE. §
TURERRLA M |, FEFEEREPNF288RIZRRAI A 5hckiE | IERMAELLA-StarEiEIRETE.

Example Parking Problem
R MEEPFAA Y

S2arch Space:
5 Constant Curvature Arcs

Neural
Euclidean Euclidean Network
Dist ance + Policy
to Goal Navigation & Value
Function

TIX STV

398,320
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2.3 giEin - ZEPAZEER | BRI H RIS |, 192 EuEP Y

O FSDERHEMREIBK : RIBSHTHI2023F ¥ F s | 1SERRIFSDIERIZL LEVSHIERE , FSD BetaRitiT
[FEECEBE3CRE | (N23Q2RFERALINZIKE,

O BSHIEERMIREEEE ISR FENAREIIA. EMRITHMTEEEA TSR | AU TiEE S8
BREURCHE | FAEUEEELR | RSB0 ISFAIRMESRIEREEE | RIFEEMRE.

FSD BetaZit1T{#EiE (BHERE)
350

300
250
200
150
100
=20
0

P DY YD DD P
-~ - > ) o - oy
e ?_Q ‘:7\_ j\\ N V_\} C:Je‘ OC-' {—‘-G Qu 5’3‘ <<C?, TT\‘:‘ 1.\)_9 ‘5\" 57

DB DD DD DD DD P

Y
-

Cumulative miles driven with FSD Beta (millions)
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2.3 i  SEEtmEMALIREE BahtrE

O BEHEREERA , RIERERERAE, 20185 , %HEJZ_LE%_EAJ:&E_._ZEEAII@I EYSERRARESE SN
Bin@pAE. ﬁ'ﬁFﬁhﬂh&x&%ﬁ)ﬁg, 5 RMEITFA. e EEBNSHEER;

SEAK P'ﬁ St EAN RATHRH—EH K |, (& AijJZZ!K H%J_imtt (/820 20 SRR AT S Fs R B i
IERE  BYKEHR)IGARE | BRAEEIGER/IVREL,

FFHREIRIRTRTE

1. REE—RIEAREE

3. GITNME. B , $K{B3DIREE
EOBA. IMU, GPS. B AT LA RS TI URFFEBFRGEAIES , IR RN
BERERER  WREE. L7, /SRR A A S Y
S5, EXHE. RE. K Labels

FHE R ERIVRIERTTClip

Videos

—

_

Ego Trajectory
& Static World
Reconstruction

—_—

Offline
Neural
Networks

Moving
Objects &
Kinematics
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2.3 $iEim - SEtRiEM2DFI3D, 4D

$iEtREM2DZI3D, 4D :

> BIISIABEVHLE , BalZRsSLI2DE/ER
3ADEZBEMIRRER , BERSIANEFER
At . BEVIRAR X]‘H%EJ‘E’JI{%J—T&LE TREAN
RZRIZICIZTT | iR REERIES R ZI/A
ZIR (S B THIRR.

> ASHRLRGN P42 S INET = FRA AP R | B
FRASRAER | TAFREIGIIZh ks | 180
FERTICIZEEN] , FFF 20228 IBEVIFHITHE |,
SINSERLE |, HEREHERERADFR,

3DEZERH:

3D P eGAF AT UAF2D Y = P 69 AR S48 B
3, 3D, ADXKIETET B AFH . F @i
¥, FAAREAE. AEFH2DEE,
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2.3 giEin - 1B EE , RIISEBERER

O EfRERS2DERRIGRIRITZIRY
MANEXERF , BI—12DRYGRE
N —MEETEPAERIEN.

L sasline ‘ ] \ J‘i# 2 P 440 fe A e St ’
i :' S 1\ | '&4\4%—§:%Fﬁﬂﬁ é’]‘ié‘x
! ‘v“‘ e & 15 &

xy)
Orthographic View

Network Predicted Class
T = 8

L s [

F 4 AT A T R R
& #ATELEH, TARS
#) b EANE B o
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2.3 giEin - 1B EE , RIISEBERER

Collect Different Trips From the Same Location O AEEHLISHEENER , HEZFINEA
B, BEZNERRINER#1TR
&, RERHFEN , MASENFERED
A LRIEE M E R EIRE R T,

A EBBEF—EERAHOT
Fl i % % XA .

0 ZENERERBMESTLIESIEERY
. BOEIRRE. IBFES,

B BEAEBEREHK GIZ L. DA
=%51F &

WWW.SWSC.COmM.Ccn



http://ipoipo.cn/

2.4 5k . BIAKHRSEEFERES , DojoBEIEH‘IRE /]

O {SHRBERITEF&Dojo—EBFEBXITHEERMRIT. DojoZfmisiiieEt  BHEITE. W,
MmN (/0 ) TR, 189%EM. BREE. 2% BES0Y BENSHRXERSK. DojoARES
E£RE , HIEFRBENRRBERMEK  EESSUBLIEBSEMMEIR. #HITEHMEMLEI%. DojoF
2021 FEHERHTRIAI Day EHE™ , HRXBEE—MSHFIYIZER |, EREEETENDojo | IEFISEEF
(Exapod ) ; 2022%FAl Day , DojoENS#ritfE , FHBd EERIRFEEI B SN  BERAMIEE NS |
HERNAHREY) |25,

O HHMEIEH , DojolERIRF=. 1) 2023F7H , Dojoit NI&F=ER , AIFFFHRAIE J1 SERF IR IRFT ER
MR ; 2) FiEA202452 | WA EDHEHANSEREI R ; 3 ) Fiff2024F108 |, FHERAE DS
15 AZI100EFlops , #H24F3055A100GPURIE 270,

1S5HHID oj oRItERK FHhIDojoH 3k

1 Units Of A100 GPUs Total Amount Of Tesla Compute
400,000 100
300,000 Top 5in the
Start of Dojo Entire World
Production
200,000
100,000 /
0
Jan 23 Apr 23 Jul 23 Oct 23 Jan 24 Apr 24 Jul24 Oct 24
Internal projection of Dojo compute power
BHFR - TeslaAlDay , FIRgilr20E BT - ANEILE, TS

WWW.SWSC.Com.cn

34
- EERETIURE www.ipoipo.cn -



http://ipoipo.cn/

2.4 B7Jim : f5EfDojo—RAID1LCH

O Dojo D11%#¢ : Dojoit&Eiz L RARHFRIBIDLE R , DIGHEFERETRE/INmIE , B 50012 RFE |
S HEAA645mm?2 , BF16, CFP8E1Aik362TFlops , FP328 J17]i£22.6TFlops , TDP/5400W, fZafHik
ALOOSHEIFRAETREINMTIE | BE542(2RAE  TREFR826mm? , FP32IEES]1/919.5TFlops,

O Dojo D148 : DISHH18x 2080 MMk , HTFREMRELSR , 81 DLEHE 35480 ( Node ) AJA.
MEFORIHEE%E . D1 NodeXBEFE—5ME GEFTE) | FERENE//EMIEEHILERS B
STRRRUENIE. 1B, HITERME  AERRIEITE2GHz , BEA 884 EMERIZTERT. RN, 81 RiRE—
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