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» HRIRB TR

Yann LeCunt3#8a9 A BEtsEER[1]
Bg (Configurator) : WMERTAELR

« [N (Perception) : 3R{EINEIRPIRTS

« BN (Cost) : FHMEHBILANATEERIARSE T, MR "EFEE"
GHAICIZ (Short Memory) : FFEHEPRSLARITNAIARSELAKR
XIRZAY “EFIERE

« 1781 (Actor) : AHAEHEMAS TERAUMK "FFEE" 89179

- HEIEE (World Model) : ATEHBIRES, EFITEMBOTE,
TN HERIR RIS
" N BRI B I B FIATE T F1E5. BT FIAEG A
FUNAEEHIEEHTR, BRLEENIPNEREIR — EFRIRE... (H R
i TR R REZHIEE . BEEBENER]: (1) 14iHEHIEREE
BHIE A RIREHIIRENEE (2) FMESRIISERFAE, EFRRE L

FEIESRRIGAES, AL R Tas iR AR L —ZF s SRR

[I] A Path Towards Autonomous Machine Intelligence. 2022. Yann Lecun
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ERARRIERES)? —
- INBIRSYRISEs — VAE
o REINET fMJ% MD-RNN

o ITHIEE (RR) -
. E.[Dl%ﬁﬁfﬁﬁﬂgﬁ?if ‘{— environment

\V@)/
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z
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r \ C
world model | MDN-RNN (M) >

(AN o
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HFEEIRG, IRE], FENFHREAER, TS EERE

Jurgen Schmidhuber

A

)
action

A 4

[I] Understanding comics: the invisible art. S. McCloud. Tundra Publishing. 1995 action
[II] Recurrent World Models Facilitate Policy Evolution. Ha, David, and Jiirgen Schmidhuber. NeurIPS 2018 —/NE T4 mggﬂ’jﬂﬁifg J[ll]
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» HRIRESHNZSE

HRREIRE TRIB ZNZSTR
- BAEREEMIM -> #iEEE, BEDIIS: [REFTNAKHA -> HE{hERE, AWREIIS:
GAIA-1 Think2Drive (LE/835EBAF)
DriveDreamer/DriveDreamer?2
GenAD
Drive-WM
ADriver-I
etc

Stage One a.2 Stage Two

Image Domain Transfer Video Prediction Pre-training

. fa=SEFR MR, LJ\ThlnkZDrlveijJ

|

Temporal Reosonlng Blocks

MIRERAREE, LAGenAD/9fjl

T

4{ Per-image Denoising } Video-level Denoising
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» {HRRENEE RIS - SRR

GAIA-1 (Generative Artificial Intelligence for Autonomy, Wayve, 2023)

- HRIERY: Autoregressive Transformer, FTUIT—NE /R Token ({XBU#H4EH)

- fRERSES . KFUNHAYTokenFE R ASA, ALATHFRER S BIIIER

« 4700/N\B1i)I|1ZREE, tHER1EEV6.5BSEL (128 A100 * 15K) , f#REEs2.6B&%L (32 A100 * 15K)

input output
tokens tokens

GAIA-1iREE

GAIA-1: A Generative World Model for Autonomous Driving. arXiv:2309.17080
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» {HRREISE TR RIS - MR

DriveDreamer (GigaAl+;85%K=, 2023)/DriveDreamer-2 (GigaAl+Bz{thT, 2024)

- EF¥Conditioned Generation, EE3DHE. SfebEl. BEIF. XAMAEFLNR, RITERFEKEN
SSEE

- IHE)IZ o] F FRE F Fu)ll2

o« V2hRASF] LLI\/I%% z:)JPGEEJZE%ER‘ *E?EER N2

e nuScenes: 3.89/\{Ti)l

NEEEENRE, ¥ AR

sle
= \9

“rainy, a realistic

condent " Au';?#“og::;?’:::“g ’ “There [s a car culling autonomous driving
Text Future Drivi s inon a rainy day.” scene, panoramic CLIP
"A realisti A X 1 5
driving sci h bt - videos from different ’
mbedding L LLM — /> — perspectives.” CLIP embedding
Reference Image I g § L = ! '
. - function libra E¥ition 2cript BEV trajectory ’ Unified Multi-View
B v condition embedding
HDMap H,

Video Generator
Encoder

.:—_ .
=0
ons  “A BEV HDMap for HDMap ®
. é}éé autonomous driving.” ~ > Generator =4 —
i _'. O6E

BEV HDMap unified multi-view
structural information

Ay T }
- ~
Temporal-attention =
- | Gated Seit-attention | éé
@ses = —
—| Enc : "N+M
__ AN

DriveDreamert&gl[E DriveDreamer2{=ZL[E|

DriveDreamer: Towards Real-world-driven World Models for Autonomous Driving. arXiv:2309.09777
DriveDreamer-2: LLM-Enhanced World Models for Diverse Driving Video Generation. arXiv 2403.06845

2024 AlI+TREHFIES | AR RIS KT A




» {HRRENEE RIS - SRR

GenAD (CVPR 2024, Ei8 AT & gesti=OpenDrivelab)
« Language Condition + {Xguifli

« BXRAFFEEE: 2000+/)\EYoutubefigi, 64 A100

« Zero-shot 2t &HESRE

Stage One a.2 Stage Two
Image Domain Transfer Video Prediction Pre-training

-adnii. a&:ﬂ 4 s &1
et
;.__‘L";;“—’ ‘.'._&‘

{ Per-image Denoising } { 'Vudeo—level Denoising | }

Temporal Reasoning Blocks
e | " . 3 Keep
. ”_ﬂ

GenADRELE

Generalized Predictive Model for Autonomous Driving. CVPR 2024
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» {HRRENEE RIS - SRR

Drive-WM (CVPR24, Ba1{LFR)
 Conditioned Generation + RFII—E4E

- e NEBIFMONSEEERIESR, TEARKMAIEIANE, HmMmEd Tree-Search, SERURE
« nuScenesHUEEE: 3.89/)\Bi)l|Z

N

72184
= e e >
: CA > >
| Cross Attention Training Inference
Diffusion — € l
UNet-block ‘
ty tN—n
o <
(%)
g \g <3
[oel| | D 3
S g Frame -wise CA § £ | .
2 J= e ol N
Zr Zy | _/f/)if / Zrq Zy 5 S
' i Placeholder for 1 %5
' i masked out view - ! & ]
. Denoising3DUNet Mmoo : Multiview Video

(a) Overall Training/Inference Pipeline

Drive-WMiEHELE

Driving into the Future: Multiview Visual Forecasting and Planning with World Model for Autonomous Driving. CVPR 2024
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» {HRRENEE RIS - SRR

ADriver-| (B %, 2023)

- BSCKIRE: RIESRIBARSEERE, FEafE

o T BWURNEMREL: BIEIpEAR. BENES. HI8RITRISHE, FERKRE R
- ZEAESH Trollout

The frame £ i1s

(s )Aes)  (hez)(Ae) (o) (An)  (he
The action £ 1s | \ \ \ \
( Thespeedis336, || @ Multi-modal Large Language Model

The steer angle is 3.56

: 1 | '
The vehicle is ... a ; ) § , |
moderate angle, ... a I ) Image I I
steady speed... | - 4 ¥ :
| ] r ' ™~ 8 ~. The speedis ..,
= j/ - (A4 ) Action | A::—z - ’-. AJ: 1’ % At A

- L AM+1' The steer angle is ...

Adriver-I{=84E]

ADriver-I: A General World Model for Autonomous Driving. arXiv 2311.13549
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> 1t RISENRIE AN 20 - MU

Y abrx = A T IR
Condition | Condition | i | F50
3D{E StaibE S{E
B
DriveDreamer/ 3.89/\f
DriveDreamer?2 v v X/\/ v
GenAD % % % v 20007\
B
Drive-WM v v v v 3.89/)\fF
ADriver-| % % v v 3.89/\R

ADriver-I: A General World Model for Autonomous Driving. arXiv 2311.13549
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BigE&Foundation Model IR, MshtErAE ﬁkFl‘lﬂjEﬁE’\J%E}%ﬁ%ﬁi\ﬁbj}

______ » More Data

mmmmmms)  Common Sense

e -

E2118UW LLM4Drive: A Survey of Large Language Models for Autonomous Driving. (arxiv.org/abs/2311.01043)

O Thinklab-SJTU ;/ Awesome-LLM4AD Q  Type(/]to search > + - ©

ode (&) Issues 19 Pullrequests () Actions [ Projects @ Security [~ Insights £ Settings

B Awesome-LLM4AD  public £ EditPins v  @uUnwatch 31 « % Fork 20  ~ Starred 623

¥ main ~ ¥ 1Branch 0 Tags Q Gotofile t Add file ~ About

A curated list of awesome LLM for

Jayyoung0802 feature(yzj): update 6 paper (3 motion/traj prediction, 1 generation,... &8 0338d1 - 2 weeksago Y1) 27 Commits Autonomous Driving resources

(continually updated)
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» HRIRENSR TRENSN - RS

EHRRIET NN FiRBNSERFRROE:

A(FE)

%W/i& @m“aﬁ'%‘ Egﬁqﬁ{g:ﬁ s 7
2E KA

2% i S 5 sREREEES
EERSAES |BRGRES r a2f1enl) al U2 Nb1)
@2NblNel)
TRRE &AL al
S
: : FLED 4 c(i)
S
Y%
o P& + BEER + EaillXEFZSMERESHALIEXREKHE ! ,

- INBESTR, SEIEAENGP (Navigation Guided Pilot SAni#ENELE) 8L, HHNGPAHLIZERFIENGPRIGHE.
RONEEEEZ HAME. lARERAEES T 88(E"

- EXRFSETIHFTRITARIIMERN LT, KEZS#S, FEREEERX (FriEMNFRS) -> &R Scaling Law
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» HRIRENSR TRENSN - RS

ETFFINEIRER SN FimBE B RFRRSER:

era J 32
Image Encoder T X

2 7 WPy, WPK y

PID ;
/] [ Trajectory Branch j -atra

N
fec)

merE 5

) " . 1lel9 : ‘o
d \ @ E2. o 319 . Oqoe®
- . . ®— 6el9 “
uidan e o
Measurement Encoder Guidance E:Qalion | o 1e20 h L YES YES
/ = “ e~ 3e20 5
. - e “accept call”
Speed. v Multi-step Control ’ ctl ' 1e2l ¥
% Stop

N
[=)]

Training Loss

6e18 », o

Parameters

Mm =

N
N

a —-o— 3e21
Branch 20 :
goal: (x,y) b ) 100M 300M 1B 3B 6B 308
L= aﬂ'al'l'“'aK Parameters
Lctl

@ Flon Musk & B X
. ChatGPTEHEMETMMEIHANEEA -> BIEIREE=
Vehicle control is the final piece of the Tesla FSD Al puzzle.

Replying to @Scobleizer
HFSo % 473 ATy % S
}\AAxgﬁgﬁ?El_iEE?m%qj%g ) RQ?E * %jj +1J| - ! That will drop >300k lines of C++ control code by ~2
'ri‘ﬁ*‘éﬁf_}z_lﬁ’— -> Scaling Law orders of magnitude.

It is training as | write this. Our progress is currently

¢ EE)J gﬁiﬂ/\__]&f%ﬁ)ﬂ:ic EO %Hﬁﬁ E_TEEI/J FSDV1 ZEF' E:_FTEE t_fa'ir?ir‘\g}computye constrained, not engineer constrained.
KRS L BB T MR 300515 04 A g 22023 /

@ 54K @ Reply (2 Copy link

Read 371 replies
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» HRRBIEE TRIBMEN - A RSE

. 155D

No data on
how to recover

[I] Parting with Misconceptions about Learning-based Vehicle Motion Planning, CoRL 2023

WEFIAXZWHIE
HAEEAFENRY, AIEEATEE
By, ARIEEAMEIRTEIE  (FIEXA,
ARIEFFLAZR)

EREIE. SEEE, ZHUEHNE. A
SERTENRBERAMEN]

Expert trajectory
Learned Policy

- EEFES
+ BRI B
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- BEREBRE IS HPIIKE D hEF I

| ek
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» HRIRENSR TRENSN - RS

- SENETFRUFEINSGZE - Roach
- HF4ZBIModel-Free RUERIPPO, 4Rssiaih
- ([FHRSEETH (BEV) X, BERASRE

- AIFSEASIFREE: RE. TE. 3R, DTESTT

. IRZWEMEModel-based RUERE, AEFZIBE. B,

L. FEREFERLERES

End-to-End Urban Driving by Imitating a Reinforcement Learning Coach. ICCV 21 (Oral)
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 Think2Drive

=
EHFRSSM world model (Google Deepmind&#i L{E) MR
RE: 7578
B EERHAHFREIGES], RS HERENER, SuigE . HEIH

1R8N FEEE<A6000-48G GPU 3%

%—/\ ’@E ME——MEREFCARLA v2RFFE39FK

AN £\
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» {HRIRENEE FRIB SN - ARRER
« Think2Drive

« World ModelzcIl (RSSM)
+ YmiBEs (Encoder) : FMABRBREF RS (RZE) - miBER
- [E=SEFTIIERY (Sequence Model + Dynamics Predictor + Reward Predictor + Termination

Predictor) : tRIBIBIASHIITENE, FOUT—RIZIBVIAE. EEIRYRRE - FRMIRE

+ #9858 (Decoder) : BIREEMREIEH - RELEES

. Z£&World ModelfSB(FS
« 1. BSRISHRIEMEE + BEHEN, IR EARESURE, 1llgworld model
« 2. 7Eworld modeldr, FARLE %, 1|50 5EREMLE
o 1. 2RREHIT

Sequence model: hi = fo(hi—1, 2e—1,a¢—1)
RSSM < Encoder: ze ~ qo (z¢ | he,yoy)

Dynamics predictor: Ze ~pe (Ze | he)

Reward predictor: rt ~po (Tt | heyze)  (2)

(
Termination predictor: ¢ ~ pg (¢: | he, 2¢)

Decoder: Tt ~ po (T4 | Pty 2¢)

(a) World Model Learning (b) Actor Critic Learning
Think2Drive: Efficient Reinforcement Learning by Thinking in Latent World Model for Quasi-Realistic Autonomous Driving (in CARLA-v2). arXiv 2024
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» {HRREIRR FRIBNE - AR
e Think2Drive
- ETHFREIRRAEI TR EPRINE:
- YIR(pERE, MUXERT EEAFINREEERM. £HFREREESE )4,
tBEFNeuralfpE, ATFIFEGPURTensorEEF T, B-REMRM#T ETFMHRIRHE
BaNEHBEV FHIHAFUNREEEXEMK, Z1EEaFaItH FRIRE

- IYMESHERIGHERUFEIN, H—PIRS MRS
- IRIEFY - HFZEE
- RERFRE - AR ETES
- BRXIERIRBG: - HAREGHIERIFERE, Ti1)IIgRoRIRMLS
- EEIREM - B RLEEREAIEERSN

Think2Drive: Efficient Reinforcement Learning by Thinking in Latent World Model for Quasi-Realistic Autonomous Driving (in CARLA-v2). arXiv 2024
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» HRRBIEE TRIBMEN - A RSE

 Think2Drive
- MERERTETNANSE (91.7 vs 0.6)

Driving Weighted Route
Method benchmark Scores  Driving Score  Complete %
Roach (Expert) J 85.0 - 72.0
Think2Drive (Ours) CARLA VI 90.2 90.2 99.7
PPO (Expert) J 0.7 0.6 1.0
Think2Drive (Ours) CARLA v2 56.8 91.7 98.6

- HEEE (A, RE/IHFERETIN)
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» SES5REE

- HFEEEALI—FFNeural Simulator, HEEmNEHFAIRIEFZIATLAITEING], BSHGPU = ESANRE
s BINMHERFFIRE, NTHABNERRIEFIPIKERBEEXCEE

° EE ENCORD
- BELNEBRIENEHIEGRZS World Model

@) OpenAl

SORA

« BT BUEIRIRIRNEIRNinE in B s S HESE

Google DeepMind 8 Genie
¢ BWES + ASEWEIRIF (SFT/RLHF)
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