Isaac Sim. Isaac Lab 5 MuJoCo: #l2s A EAIsEI 5 S 5286 FH# 2

2026-10-19

Hx

CEEMBSITUTSIERE . e
Oz N e =
CHLEEAZET: URDE. MJCE, USD . . . 0ttt e e e e e e e e e e e
SRR B BERRSEREEE e
CRLIERIRBEI TRREE LT © o e
CIsaac Lab FUFRATUIZA AR . . . . o o e
. MuJoCo. MJX 5 MJWarp BIMIZR AR . . . . . oo
SRR, BAESGWIR . . . e
CERBENUESEZRL. PEEESEIL . . e
10. T, MESEMEISIIE . . . . . e
12, BTG ZZAEEE . . . o
SERISTIRIE (BAMI) .

YR T -English -B1#0H] RL #0%

O 0 N N Uk W N =
O 0 00 N N NN U NN

WiH B

A TRTAS)IGEMIZR (How to Use); F~EE PPO, SAC iz
B il

hRA IR Isaac Lab 2.3.2 / Isaac Sim 5.1; Isaac Lab 3.0 Early Access / Isaac
Sim 6.1; MuJoCo/MJX/MJWarp #HARMEFiE R A

25 5 2026-10-19

vrA] CC BY-NC-SA 4.0 -Xiong Zeng and contributors



https://github.com/zengxiong111/Foundation_of_Embodied_AI/blob/main/README.zh-CN.md
https://zengxiong111.github.io/zengxiong.github.io/files/Isaac_MuJoCo_RL_Complete_Guide_EN.md
https://zengxiong111.github.io/zengxiong.github.io/files/Embodied_Motion_Control_RL_Tutorial_ZH.md

FOUNDATION OF EMBODIED AI

COURSE NOTES
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2.1 PiFRRA Lk

e E I Isaac Lab 2.3.2 + Isaac Sim 5.1, E&EEIMHT 2.x FFEAMIAE IR, RSL-RL #1 PhysX #(E{E5%; [HUHH
IF8E Git #5735, Python, PyTorch. ¥ EKIKENARA,

WIHERLE 2R . Tsaac Lab 3.0 Early Access + Isaac Sim 6.1 (F5%52% Isaac Sim DhRER), 3.0 51 ATE Kit (643 5 TAERTR
ZJaimhR, (BFERRERL,; |EACHY, BT Early Access, RREWNFTE IS S ERENE. THERENITH
ZIEH 2.x FILHY wxyz #IF 3.0 B xyzw, FHHEEEREOED M, [1][2]

WRORP B © WESMNERS R, © HIEETTRERIEERA; 0 K Isaac 5§ MuJoCo MM INE; @ SLiafT
BITB/NAR, © WIEVHEP ., B~ SAM GPU H; © MIIZMESR, NESRE RS S Homim &,

2.2 B IRa a5 i

« RTX 4090 (24 GB): i&# Isaac Lab PFRYIZRFIZIR 3 PERINESS; SR RNFEGIRE. INEERHETIEE.
« RTX 3090 (24 GB): A] FH TIAMER L MuJoCo GPU illlZk, {H Isaac Sim 5.1 ‘B J7 AR MRERYF N RTX 4080;
1£ 3090 -1 TAER N ARH 75 2 BT IR IERIRCE,
. A100  A800: EAEMEZMBINLS 2 AFE RTX ERMITE,; A100 )BT 52% Isaac Sim 5.1 B /7 ZHH RTX
GPU, REHEHEITIRHAN Isaac Sim JEEHRE,
« CPU: £# MuJoCo FI/MILEIEIR, MPC 8gh I EREBEFFRAIE; YESREIFATHEHIREME MJX/MJWarp,
B Isaac Sim 5.1 RHEERLH T Ubuntu, MNTE, 705, RTX GPU MIIRENIIEMARIER LM, MRBFIIREN AR ARYE “Bopi”
“FEHAR, [5]
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VIRERENY: RIS NIRRT, WIREmERSE
IUEZREIN HE, WM, 3ifE REHSLIERERESIAI
SWidF IESRBAFRRA, RS AEIE, GPU/IREN S RENU T

2.4 MuJoCo AT )T

1. PRREIRIEL : A28 A body. joint, geom. actuator. sensor KM K, MJCF iy “IMI” 5 “VyRRRfHE" 7] DA
TIIFRE Lo

BEBR: EEERTZERERTEM, T, Wi U, SHESERARRSE R

REAT B 88 9% s LSBT BN UM 28183, R E R 50T TN,
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6. MEAT RL E#y: BABRIABEIRAS, . S E SRENULEE G FEREIZEE,

EAMEA RIS . Franka Panda, BT, BHHEEH, FHERMWEHIFIMBULES, FIEH MuJoCo Menagerie
HERRARVENE R [6]

A
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1. Isaac Sim ¥5t4k: 20K Stage. Prim, USD. #RI1. IFTAVGH, 43004 BRI 1A 1
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5. %3] Isaac Lab f£:55: Tz, W8 A, M. ZhfE. %Jh, 21EF] Event / Domain Randomization,
6. IBITE UL SS: M Cartpole, Franka Reach, Franka Lift,
7. A RL: SERIC0E. (RRENUAIRZSSRNG, BRSNS B e 2,

Manager-based 5 Direct [JH3%: Manager-based J& & HRIEE FIARIENMI, 225, BEMBEHAIR; Direct J& & & EE
HIRHE A R B R TART I, MR HRE SR (L2 S PR, XAIFE TRRdH, M2t LY RL 6EJ1. [7]
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3. Pl A% : URDF. MJCF, USD
3.1 FAFETCH “— ki
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B, 5. Rt TCP & B A —8; 6. B SFULEAIEN, 7. BREZEYEA{T; 8 MfEAZRAEHEE ML, 9. BRifET
BB G A ELH; 10. actuator FIRRME, WIEE, BHIERIZEHPIRZE 2,

4. FJre, bl RS R kes

4.1 JFEE eSS

XFNIANIAEEAN, ATRAMSKRREN:

PR + BHEB05 B EmE = SUTe X + Bl 2T U,

£ MuJoCo M1 PhysX 1, BUESKMESLBIATERME, HRASMERS, ROCHMERL, PUTERMEERASE 2, BT
LSVA%R

4.2 TR WIS 5

FElT SR i ey WEBRRE
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FEB, RHEARESUS VLA, JERU™ ERY Sim-to-Real {W#E,

4.3 =AM AR LRSI TT

o VBB HTRREE, S A, S NEEREE, ERARE R,
o Pl AL BN, PR IK ERnER,
o SR HIPUEAR . RL HEFEAILGE IR, FTREELAEERR,

Bl PEE 500 Hz, 5% 50 Hz, W DRIKSHEAERE 10 MBI, AP 30 Hz, whaiPAEGEF, N RIBHIGER,
ARG P AR RFEH, HCHlas BB NIE S EIEE, 5Tt PUTEmB IS EIg A S HER,

4.4 BB — Bt

FLACHTEE P9 MHIRMESS B MIsORT B mah e . MRS EgE. MIRMRRIRIEE . MR ZCRER, T2 iX
LA PERITEREZE R RER BRI TR S | %5,

5. RL YRI5 TR0

XGPSR BT EABHE I TRESRYY, RE RIS MR TS K, BRI IS s iiE R W E (ashs
il aE ) H,

itk Isaac Lab TREAI MuJoCo TRAL TEMIAYRY

i tin=eXll Scene / Articulation / Manager ~ MjModel/MjData. #lLE# SEHIRITCIRAS B, Bresm]
= Direct TAEft A8 b=

U] Observation Manager BCHE X (EEEF/ARSHEL, W3¢ shape. BAf7, BARFR. AL
ZMIX AR

e Action Manager 3¢ H & X35l ctrl/actuator S5RIEEEO BUEFRIE, YRS L R
JiLEEs

B/ 7Rk Reward/Termination Manager — {L55[H1H BHHIES timeout 778, Hi&
= Direct 2% BB

HE/REHE Event/Reset Manager 8¢ Direct ~ #tf& reset 5S4 TR E AR, BEALURF-AT
(B i

WgRiZERE RSL-RL, RL-Games, skrl %ffi  Playground/Brax/HAhi&Hc rollout, batch. device,
SAFHIERL checkpoint, normalizer —%{

5.1 PhBEE LML

« Reset BN F—RBEL WIS, fr5/E0 T, EEEXEIRSNATES,; CUDA TSP BRI A IRE
1, TRUARIAS,

« BHRR: WRE—UCRIEIEN N YIHEE L PUTEIRE T IRBINE BRI Z, FREHEYIH FPS, PR FPS ISR
& steps/s T N—1%

o BUEIOYE: ENEIE M. SRHIRRAL, RhEIT. NaN/Inf, 2 i-50 R ERAE AKRE,

- [EEBEE: HA R TIIZR critic A privileged state A AIENRIEGMA; #BE actor MMFEIMEIESLWIA L, RKS
FEHIYAE,

o WRIRBEE : (REVIGTS, BUURSE, (BIRENECE. EumET. JIZResEcE,. H— LSRR checkpoint,

5.2 PPO/SAC IPHRARFRJE T Hi%#E

PPO # FFRMAEF rollout; SAC FHE replay buffer. off-policy BBl ZH AT RIEMINGAL, X EIERINEZ
MSBRE LI RRRE, REEREIEH YA A, M ZHRIES actor—critic, SR BRI BRIz HIRIK L T
TR R,
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6. Isaac Lab MIFF TS TAER

6.1 MEAHESS BN HE XUTESS

10 &S5, M Cartpole THEVIZRIFIZR, M Franka Reach JSUESNTESWIM, M Lift 3 A\ EEfi,

820 BANPGRSRA, 2x BEA PhysX {1555 3.0 Z/am T35 NREFRINR AL SER B 7T SRS H BCE Se S,
W3d: R Vlas A Rl iR, RIS, PR WIeAIE. AN ICRSE

W ad @YX RL HREN, WO, ZhE. RE). &1k, BEE; WIANEGR reset JTHBRIRSHEFZRD,

555 0 IR WS Rk, EEwiR. EEER R, WERRISTSCRERS ), RIWIN e BN, ARTY KM
%o

56 & WIMIFITIAGE, MEAFARZH D BINGIT G, B R
RIFARUEEE R ZRd ik,

87 % g PPO Rk, [EEMT. 3%, rollout KE, WLZRE5H, R REMZHIEL, SRAK—ELREK,
08 & AT, STV SRR R L EE VR M SCRAE, (RIFENER, P, MRS,
598 MARSRREN, s FREHUL, RATEREIR, WM, MIEERY, RIS FRYCR.

8108 AR, BB, ESECE, RIME, H—Lgtit, ZRasA, checkpoint, IFALIEIARRARNI S HE
H AR 2R

WA, GPU MR, BFMEMERENE; T8

7

6.2 Isaac Lab HEZRERE

PIgEREZ iz ibes RS

RSL-RL GPU K47 PPO. IRASEHI. 2808 K& actor / critic WAL B 5 ML 3EAE
RL-Games EVA RL-Games %, SFEHIFNELE  AEBRARNEESESEEFEEZET]
skrl TR AIE L PyTorch/JAX 3R HANERL 5 AT & BPERIE
Stable-Baselines3 NI, RGBT TAER KHEE GPU MEINE AR DR AIE

6.3 Isaac Lab % WLFERIE

BAF: MPUEE < PR < NGRS BERGEA S, AN )G N B TH AN, Headless: AT HAE M
PAET BRI SRR RER, WAF TG RE B M, Reset: FHTHEHS BHINETR, MIUEMLBIAER
SR E =SS, B2l PrERATAE s RIS decimation IR )G, EEREIZIN RIFLR AL 2 4 TC B4

7. MuJoCo. MJX 5 MJWarp Willgh TAER

7.1 £ MuJoCo: FIEZHEIES

22 MuJoCo & & AHURRISER., S1J12250 7. /MR Gymnasium JREHT CPU 47 rollout, RAVEEIERE, P IERK
1% (RS ZR B2 #3% CPU—GPU Mz, mlaEHBLERHM. [3]

L SefEL I MuJoCo FRoeiiRy, K, EE., fEMFIEHIEMMERIE, IR ST E GPU #tEXEL,

7.2 MJX / MJWarp: @& gilgh

MJX-JAX FIH JAX/XLA it &3+ 5; MJWarp % NVIDIA GPU H17#sftfk, HIEEWF LM AR EET
BITH, A0 DA EE S RER BNMESIERE”: MJWarp fllEAMH:, £8 MuJoCo H HIE & HIMRILIEIR
i, AT MJX-Warp B&ZeA PAB s ERRES bR, [3][4]

MuJoCo Playground Ef2SLashizil S mIiEg, PURET MJX/MJWarp 1) RL B&k; i&E M Isaac Lab IPIRZS RN
&k, [10]
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7.3 MuJoCo RL [+ 4:1hife

1. M Menagerie BRI 5E MJCF B A5 2. BEIASKTT TSRS EN—B0 3. WEE/MEESS; 4. RIEEMS A Hiz
2 5. EXMMEESIH—E; 6. BitRph, &k, BHE; 7. F/MEAMEE SN, 8. 1EH CPU, MJX-JAX B¢
MJWarp; 9. i PPO B2 SCRHEAMIIZRES; 10, TEARFERIAS, VB SEHIT H 88 L IPAS,

TSR EH: GPU RRARRRAFRE N SR M IR e 235, TN E SR A tendon, EARLH, RMBERRHK, %
A, DIRHLEEEIT A, AR CPU MuJoCo HEIERRE TS MRS RIFE P HREE R,

8. gReE. B S5
8.1 /| AT

WEEE B, e B, SRESSHORERT, A7, IRBIRE RO R B ], B SSIE N St HHER E],
[ EIELITESE €153 or i IS

TFISZHRA FPS  SPS FIRESTIT 2R : BAPREWIHML, FiE IR RS BEURIS S BN HS, REIZ0EE B R 24
TR, WE R, GPU BISHIHENIZE,

8.2 TR bk % bkt

PRI GPU RIEAT; FREEOL RI B, SMoRig, PSR, BRSNS ER TR RS, NN NIBITE
BAERA, FESRARIIR /NS GPU I SUERE TIEA, MAEREREE N LT,

8.3 PI3E RL MM 4Lk

o UREHMUE RL: ERMEGINZ, FRENETRRA R, M, MR E 8K,
« K3 teacher — PUHE student: SEF > ANARRHIRES, FHEMSE RIS IS T2ANG, HiEE FRHERR “9)
BUESS AW M URE A BIRAER,

GIERANDE teacher/student FFEHISERANE, ZRIEHIFAAUN FFal(ER B S B X, ARERXFFAIEYEE,

8.4 PRI SEER

WER BN SO, SeHEbRERE LR WM4ERE /) —1k, SESEIS clip. g 54 Ml REHHKEEH batch
SEN, BEIGRES NS X, REA VRN, & PPO [ KL, clip fraction, value loss 8¢ SAC 1] Q {A. &, replay
FRICTOVHBES, MR ENY O 8 BRI E 2 14,

AR, FTENICREGRSE. ELNEG 155 FPS, digai AN, GPU A7, DAMIERFIRISHEFEATHEBAEIR, HA L
wall-clock YIZRI RI4E%E, PERETEAHRIFIMMC A TRE, A REFR N EIEAITR I,

9. WBEHUILSCEE, PPAG S IR

RERLILISH R R RIEE

JUf] WiREahiE, BEEE, DREME  ZRZK

B Pk, R, B XTHE Py 22
PATES IEIR, FEDX, WL, FRIE. {RIEIEHR KAk =
XL KATMER | (A THmZE, E RIS R B
HE JERL MR ERL S NS S LIESE N4

Hzh L VANIR = 0c N - N Sl v 270 REFIAIERE S

HERERF : TRENULFRMES — VRGBS — ShhZ5HITEHE — WS THRE — IR — SMFsE IR,
BEALILIEE AR SCA L 88 AR RTLEINER 22 80 S B AR SEH R X R O BEA, 3 AR OR B BALUKIZ A RIB R BRI BRI,

NGRS PFIAR R 73 8, PPN R EZEE RS SNGNMRES, B, BEE REEIUIREAS, AieakEIEZNL,
A2 AEYIZRBEN LI R R

Teaching notes - CC BY 4.0 7



FOUNDATION OF EMBODIED AI COURSE NOTES

9.1 BDER

fiabn i)

Success rate FF &R MHAE AR E A LA
Time-to-success TRB R A BB SR N )

Drop / slip rate 7% TS LU

Recovery success H AT IR S $E3N FE O =T R B A5
Pose / tracking error YA BR AL B R E

Unsafe event rate SR, L ML
Environment steps / wall time — FEARRER S IYIZREMZE

Real-time latency BRI SN, A I N

HWEDERZDRENA T, RS E R AE X, ARECOE SR AT —MIZK checkpoint, #5771 HLHEH ] T A
W, SRR IR 704

9.2 i e A nI R4S IR
o BESIBELRAT T MEN N 550, RIRDR S B BRI A SRR, AR S IX A
o MHFERRBRAETHEI SN Mo BRgtitfn, jefk. B IMERRBE,
o VZRMBORS TR OAEARL, WHLD . SR RIHAT EP R HlE Lo
o PERAGUARLEPER, EEREIMIE—Lgtit, shYEm B imiRAs.

10. #REIE L, A5 50 H A ik

10.1 FRF AT ANDEEIR

JU: SR EAL, TCP, MLaS NS RHX R,

i FRRERE, Tl BE. ERMEIAME
PUTE: R, B R ERRE MREEIR
MBE: SERS ARSI S, BB RS R B,
BPF: ROS 2 ififil SDK BB, 2&ff. ZHMAEIKE,
LA 2R, TIFER, REHERE. YRmE LB,

AN ol

10.2 EHLRIERI B kR

ZBERNBE) — TeHid — 18IREHE — RO — WIsETE — ke — NwhMiEh — alikiig S8, &
PSCRERIE, PRI, FT R

FLHLPEREIS T Ui ELN RIS WO : e R S N, FENEE SRS, REEREMME 1228, REAHE
7K RL MBI RIEBE S

12. W2 WS 2K

mg PRyek A ABEL R IR
LIRS YNEEIEE ] KBAL, WIEE, i, YEPK B S HIY 2
TR Wi L, i E K R e

PPO il EHKEAES5 R REH5IT, BRIIHAE, MEERB GhLE HIGIZREE)
SAC Q HARE replay 73ffi. critic. HARMZS, REIRE IRt PN

GPU FIFHZAX CPU-GPU U1, 7%, M. AP 37 RIHER AR 22 PR 4

ML IR 12 N, PR, EREA, ey Je b2 PERER
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I W w54 AEB AR

LU ST ISP eSS KL, RSI, MbiE . HRE X ez

MU IGERIRZER IK, TCP, fER. ZNfE4H. BRIE HEEN PPO BSH

Isaac WRATHRIGIT N FABE, PUTCEF. RIS e H#ERFIH checkpoint R4S

HEB S . BRNERMTE — AARS BN — PUTEHEH] — PREAIRE — ISR — RIS reset — LILHETE,

BRSOy, fm. BRAL, BiE. &, TCP. iR, T8, WP K. B,

RL f£55: AEHIERARR; WATCHR; ShYERRIEER; KR ERE; 2105 timeout X573 ; RSI & X HHIF,
gk: CHIBETYIA; IR M2, IZREE SIMERA; ISR, Bk BRI R 5 I8(E 17,

Wl 2R, HOZ9IZS. OOD #h5h. B51%. R, drop recovery ¥H 1%,

Hl: AR SAENURHE, HERFEIRICEL, )8 ArRIE, ir 5 2 sEplEs e .

—H)IGRE: MuJoCo TS IEV BRI RIAIFE ML O RS2, Isaac Sim ASTHEALER A, IR “F5 ]
18”; Isaac Lab 2 MuJoCo Playground f 3¢ RL “NIZRGL”; &GHETIZE. 00D 5HENZRIIEER,
EpRRES R4y

SHELORIG YRR (B

1. Isaac Lab Releases (& 3.0 Early Access 5iFfUiH) : https:/github.com/isaac-sim/IsaacLab/releases

Isaac Lab 3.0 Early Access 255284  https://isaac-sim.github.io/IsaacLab/v3.0.0-EA/source/setup/installation/ind
ex.html

MuJoCo Warp B 77 XX#4: https://mujoco.readthedocs.io/en/latest/mjwarp/

MuJoCo XLA / MJX B/ X#4: https://mujoco.readthedocs.io/en/stable/mjx.html

Isaac Sim 5.1 RHZ3K: https://docs.isaacsim.omniverse.nvidia.com/5.1.0/installation/requirements.html

&

MuJoCo Menagerie #1458 A% 1 https://github.com/google-deepmind/mujoco_menagerie

Nk »

. Isaac Lab 2.3.2 Direct RL Environment: https://isaac-sim.github.io/IsaacLab/v2.3.2/source/tutorials/03_envs/creat
e_direct_rl_env.html

. Isaac Lab 2.3.2 fE/&&5 ¢ : https://isaac-sim.github.io/IsaacLab/v2.3.2/source/api/lab/isaaclab.sensors.html

9. Isaac Lab RL #2425 LL: https://isaac-sim.github.io/IsaacLab/main/source/overview/reinforcement-learning/rl_fram

o]

eworks.html

10. MuJoCo Playground: https://github.com/google-deepmind/mujoco_playground

11. MuJoCo B77HMlix#4: https://mujoco.readthedocs.io/en/stable/

12. Isaac Sim ‘B 77 3X#%4: https://docs.isaacsim.omniverse.nvidia.com/
VORMEMI PRI : BT IH RIRRA, AFRF1 APT AIREARSAR ML, ASCZIE AR A ar AT AN, DA IOER T M hiA Ry
LB AR A,

13. MuJoCo MJX ‘B 77 SEEL5 Al faf 14 15 AR

14. Isaac Lab 3.0 Early Access Release Notes

PSRRI . Bk EBR. SI1EEREE. Residual RL. Teacher—Student FIZIRE LN, ( B S EREAIZEHERISRLE S ).
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https://github.com/isaac-sim/IsaacLab/releases
https://isaac-sim.github.io/IsaacLab/v3.0.0-EA/source/setup/installation/index.html
https://isaac-sim.github.io/IsaacLab/v3.0.0-EA/source/setup/installation/index.html
https://mujoco.readthedocs.io/en/latest/mjwarp/
https://mujoco.readthedocs.io/en/stable/mjx.html
https://docs.isaacsim.omniverse.nvidia.com/5.1.0/installation/requirements.html
https://github.com/google-deepmind/mujoco_menagerie
https://isaac-sim.github.io/IsaacLab/v2.3.2/source/tutorials/03_envs/create_direct_rl_env.html
https://isaac-sim.github.io/IsaacLab/v2.3.2/source/tutorials/03_envs/create_direct_rl_env.html
https://isaac-sim.github.io/IsaacLab/v2.3.2/source/api/lab/isaaclab.sensors.html
https://isaac-sim.github.io/IsaacLab/main/source/overview/reinforcement-learning/rl_frameworks.html
https://isaac-sim.github.io/IsaacLab/main/source/overview/reinforcement-learning/rl_frameworks.html
https://github.com/google-deepmind/mujoco_playground
https://mujoco.readthedocs.io/en/stable/
https://docs.isaacsim.omniverse.nvidia.com/
https://mujoco.readthedocs.io/en/stable/mjx.html
https://github.com/isaac-sim/IsaacLab/releases
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