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1.2 EBFEX
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Ao BFEUATEOURERME C R, MARMTE Z4LEER; X —EFIHMESHES RRm ],
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2.1 LEAP Hand 51K A RI5#¢4E

LEAP Hand 2 — /M [AHLES N2 ST BRECA . mak. BART TG (3] AT EMERENS,
ERE S TR 17— AN S vl ik () S250 X 5. —J7 1, EF R 2 E B ESCRFFNEE: B
— 71, BRSO B 45 R 1 A] DU AR e N\ SRR 50 & A

ATUH B =R LR, & B %8 LEAP Hand 45 F USD %=, Isaac Lab {T45{EM A1 Dy-
namixel il 58 e RAE . BFFEIL assets/leap_hand_vi1_right &5 H 7, @il
deployment_scripts & FAEFACEIEHE, M “ 07 RSB A1 SENLHRAURT 7 7] LAZE R —4X
it v S 3R 5

2.2 Isaac Lab DirectRLEnv

Isaac Lab #2411 [a) 5240 5% SR S5 M R, o DirectRLEny &4 22050 Wl Bt N H]
AHE BV AE E S ALK [4]. AT H 1% 035N ReorientationEny, BCE 254 LeapHandEnvCfg,
{E%518@id Gymnasium id Isaac-Reorient-Cube-Leap ¥ /it

FHEE 58 248 manager-based At B (4155, B SEIL SR T R/ AT H i hl4ay . HbR%
SEH. TTRBIE R SEEIR . Ah B ADR BB ERREAE Rl — IR B S P a R .

2.3 g, W SERE R

- System Architecture -

gk EnvCfg Dnrect/RLEnv 8192 ERO ; I checkpoint
Training taskacontig ReorientationEnv parallelenvs rl_games el
1E same task Sim Playback
Wi coitig /y Isaac Lab smoke test
Evaluation same as training play.sh viewer ETTEs e
EpE joint state History Buffer RLGamesPolicy Hardwar/e Control Dynamixel
Deployment 16 dof o,t in R% inference depldheh 16 targets

D Environment & Observation [:] Reinforcement Learning (Training) [:] Deployment & Hardware

N

=
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K 1: BUH RS0 ARSI E SR, PRSI .

WK 1B, TH AT PA R = A8 S I ZRBERR 7L Tsaac Lab H a5 H r1_games BEHT
W& PGS NZEK checkpoint F7E 07 5 R R ;08 BERR U A 4l A, e A B 4. Wi
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24 TIHEBZRER9PE

BPEH M “ NH A -Tsaac Lab ¥ B-% /7 T R-#%F " 7 ZHH . XM E5 bR s mr Ll
4F README H1 shell A, Hi# A source/LEAP_Isaaclab ¥ #AT55 S0,

2 FETFEBIEL

Az YA Bt

scripts/train WA, FEEAM profile. checkpoint 1% & flikCE# E .
scripts/eval PIEAFEBN T, BRI BTN ZRBLE I S R A R smoke test.
scripts/deploy SIHLES B A A, $RME dry-run. & F1. FERRHIREE FIR S5

source/LEAP_Isaaclab/t Gym {EFVEN. HEEECEAMN DirectRLEnV SEHL.

asks

source/LEAP_Isaaclab/u ADR. M43, LEAP Hand T H & #A Dynamixel %5 ) i o
tils

pretrained AT H BR A checkpoint.

3 EFEESMELI

3.1 MDP %

Mot 2 S R, 1ZAT 55 0T DL AR B 40 nl O S /R ] R e S A2 . SRS S HLas Aok
TR WMRAI . AR TNE) 1% 25, HIRIESERRE B R4 IH— b i 515 AL B A b — i %)
Hinsh ER s, Kk, T H A 3 mi7 S8 A GRU 4% Sk fMa2 i 2 I AR S S5 HElDIR S .

B b, PEBAERSEMR (1) Fis:

M =<5, A,0,P,r,y), (1)

Hor 5 W& FHRAVRE . WISz 71224, A C [-1,11' O 16 4EES s Eam, O k&
SR S B m] AR SRR 2 18] o TR AL AN HE NSRS RN, SIS 2 ST g (ay | og, By) s 1T
A HEMRI SRR o (ay | 54) -

R 3: E 55 AR 2

T H s

{145 id Isaac-Reorient-Cube-Leap

IR Isaac Lab DirectRLEnv

FATH L ERIA 8192

UIEERIZ S dt = 1/120, ) decimation 4 4

2 1] 16 4, %R LEAP Hand 16 /1] #5615

L 7 1] 96 4k, Sk HREMT 32 ZEM IR LL 3 i) 5
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3.2 F;EEDO

B SR AR S E L S E A, HRTACEALH relative. fEARXSENMERIAT, SRI& 4
eI E [—1,1], FSRURETF RS 1/24, BB LN ZIHARRTWALE b, BJRRIERT LT
PRAGANEDY o SXRE AHE LU SRS i R AR D9 /NI OG T H AR &, A7 B T ORKFEIIET, BN IE Sl
(VA=K

XS ENERT G N (2):

Uy = Chp (ut—l + &dy, Gmins qmax) ’ &= 24’ (2)
Hora, RS, u, RIOEL RN EBEHIEEETEHR, Gmin 1 Gmax K B 05 RTTRAL
Listing 1: AHX} 81 55T 2032 4

targets = prev_targets[:, actuated_dof_indices] + act_moving_average * actions
cur_targets[:, actuated_dof_indices] = saturate(

targets,

hand_dof_lower_limits[:, actuated_dof_indices],

hand_dof_upper_limits[:, actuated_dof_indices],

B A ORRE T RIFEBIEMR 7 :0: action_scale = 1/24, action_type = "relative",
FHAE R A% B A 2 11 78 i sim-to-real G715 P HLSH 5 A B AR BR TG4 . X — AEH OCHE, BUONIIZRIAEE
AR AL 425 1) 25 a0 SR XS SRS R AREA—3K, checkpoint RUMERE7ET B AHIZAT, WMk DL AT /% 252 A L

3.3 JMFE

RS AN E VIR B S BN, T2 B TR A R P e dt ok B 4% B IR
H—43 [—1,1], HEPHECURTEARRTALE, 193 32 4Emmipilill. 25, HE4edr—APrshgnhx,
W 3 W T K (3) Y 96 ZESRBE I o

2% ~ Jmax — Ymin

qt = q ~ ’ X = [C’]\t, ut] e R32’ 0; = VeC(xt_z,xt_l,xt) e R96. (3)
max min

Algorithm 1: BuildProprioceptiveHistory

Input: joint position g,, previous target u;, history buffer H;_q, limits g.,in, max

Output: policy observation o, € R% and updated buffer H,

1 4y < (29t = Gmax — min)/ Gmax — Jmin) // normalize to [—1,1]
2 x; <« concat(qy, u;) /] x, € R32
3 H; « ShiftLeft(H;_;)

4 H,[: last] < x;

5 0; < Flatten(Transpose(H;))

6 return o;, H;
MO BT SRS B “ AR SR % . MRS RS 58200 2R 200080 H Fn 007,
A BN SKI SN . W TAEMERR, Kot —MEMRmM R & RGEINZR R RS
SERLMEE T, (EAR B I SR Ay A AT DR AR A AT ] SEHLRAS
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3.4 IR

E ISR QEEEA AR NI A0 o) s ST S IA o 1 RISy NS P BRI FZ LS iR (2] o2
FENSHMENBE M, RhkE; YWREESES B S MIEREI RN, Re; shFiE A
it B BRI AT S A S AT o 2 e R 2 VS 5 22 ) I i S BB, AR H A ST I 45 th BT
il o

RAREMM I (4) Fros i) P o BobH s e e # s -

dr(R, Re) = 2arcsh1(”vec(qoq§1)”2>, (4)

et g, M gy 2 MFRIIRLEEMEFRES . SRR N (5):

R 2 2
Iy = wP”po — Phandll2 + W + wa”atHZ + wa|ut - qgrasp”Z + bsuccess + bfall' (5)

R 4 B 5 &AL R

T H o & / 51 EH
o7 B R 25 22 Jily dist_reward_scale = ZJH7HBEIEEN HERXIEIE,
-10.0

rot_reward = 1.0

LR T4l SRS AL A E AR RS
rot_eps = 0.1

AR -0.0002 HI K T A R

PUL 25 72 -0.3 O 1) SRS i 29 BRI AU 8 o

22 il 250 LS B[Rl N BRI HESE SL B E 7]

BRI AR fall_dist = .07, JyHREIFEN XN G2 1E episode.

fall penalty = -10

35 BiFEHSKIEEYE

FL il B [ 3 T S A BT H AR ARSI . IABEVNAG I 4 B A L A B E N IR ST yaw )R —
z for BEE bR RN LR, HAREEARERT 2 ShiER 2r/16. DB, —SE e gdr 16
Al Ebs, S N G B A e O B A A
H bR EE AT LA 1t (6):
s _, (% g
%H‘%(E>®%’ (6)
Hop @ FonMcHorik, g, () Fonsgt z M8 R e .
LR EROEPEE: TREZELSHMELZT, MK episode BRIFIHLAL R MR AKE. 1t
bb, AEIER BT PO R A A B, IR 2z S B AR 2 Bl AR . 2 W G S
AT AT 25 B B B LS8 R a2 b -

LEAP Hand In-Hand Reorientation O Repository


https://github.com/CQULeaf/leap-hand-inhand-reorientation

4 SRR S SR 8

4 B INGSBEMLET

4.1 PPO 53VAKAEMLE

YA B A T1E455 B3 N agents/rl_games_ppo_cfg.yaml. ECEEH rl_games HIESEIE
actor-critic #i%4, HiE4 N a2c_continuous, )5 PPO JIIZRiET. rl_games #2& [ [H] & PERE 5tk 2
SJINGREIMESE, Tsaac Lab i % [T wrapper ¥07 B A m &AL R4 D 5, 6],

W 2% 25 i 3L 52 MLP Fl GRU ZH . MLP $c#0h [512, 256, 128], i %CN ELU; RNN
/1 )2, 256 HIGH GRU, F£i%E before_mlp = true 55 layer normalization. X1 A AR A
P A RO LA NIAESS, 34 U WX 28 AT DL SR RN OG5 6 B A2 Ak b B A v AR S 5 iz
i

5 YRGB 2L

Hicl 2 1 HHTE

BENLAHT 42

R gamma = 0.99

GAE 2% tau = 0.95

g 3e-4, adaptive schedule
PPO clip e _clip = 0.2

rollout horizon horizon_length = 32
minibatch 32768

mini epochs 5

RNN JFHIK seq_length = 4

LRAT- TR WS save_best_after = 100, save_frequency = 200

4.2 SIHTHEIIZ

INIEAE B BRIN scene.num_envs = 8192, IXEWRFHE RIS E B o] LRI USSR KB A BAEA,
FATH RS GPU W B b X LA vl ghe it . TH 4t - -physx-smoke-buffers. --
physx_gpu_contact_count Fl --physx_gpu_patch_count 251X 5%, {H TN BAAKE N7
smoke test.

N O SERIERCE A agent FLE dump 2 HE H %

Listing 2: YIZR A 7151

bash scripts/train/stagel.sh --profile local-5060

bash scripts/train/stagel.sh \
--checkpoint pretrained/leap_hand_reorient.pth \
--max-iterations 1200 \

--run-name resume_reorientation

XA H B A F G CHLE L [ — checkpoint J& 75 7] FLAL, BT 2N IR BT 240
WS HOMBENL T 2 S — 2L
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4.3 BaEkENK

Wi HSEHL T Automatic Domain Randomization, ADR. ADR %0 AR YIZRw] 40 H e
(30 126, SRISIA B — 8 o MR e, PR DI mBE LIS . 4 HTHC B 1% & num_increments
= 25, BRJOH B KRR I — RS HE A

% 6: ADR S35 [

BEHLALT B U /AME H
BLES N BEHE HREEYE . SRR E N 1.0, TR Rkl =R
HE¥ 5% e.5
TN FH 8 NIEE2.5-3.1,fH)6 ©.05-0.15 [T 5 —PAT 28 S B AR
Yok EEYE 9.3-1.5 SR A R R TR Al 25 1F T RS He
LYLEND TS 0.9-1.3 fH4AIK B MR A TR
Yok ) pre-startup 4§/ 1.1-1.25 b SR N A R 7 R
LIS TR KA e.01 m, IEREERES M.
roll/pitch = 0.1 rad
(R 9.1-0.2 RRAI il iy R 2
EAEIR B 3 1 policy step G FL 5 AR ) I AR 72 5
VALK R K INHESE 0.5-5.0 BAA T L3 o

f51F 4.1: 3ft24 ADR E&XNIHE

F AR S M3 77 % FUSCREPE B EERE . ZEIR . 5T & A F LI AR M S 0 e A —
#. ADR IR SEANHf E PR A T S EUBE S sk I G A, SRR = A BE,
B THUA B M (R P EE AR A o

44 MgFE. LIRS D)

ENAERE P EY B AL BOEN, ShERERE I B0 1F 77 S22 ok S, AP I3l AE sh A B I B B
% [0 € P BRI N B Lo =3 20 IR ] & ARSI . 2R GE M B i A Ah SR 2l

ALIFEIS P B 2 BT vu Dy 0.0-0.0, RIH ATZIH 37 o FHALIAE R BENLAL, L H] 4 A& F ik 5
RIBAESIEN . MBS H AT AR . 35 5 SRR SET H S B RS B A B B AEIR, 7T LT
RLIFERAE AN — 5 W ZRHIT T

4.5 Sim-to-Real 1E[

0 E BAS H [1) LEAPHandController 471 53 #4477 B0 3 W 42 31 F. 52 L o B 58 B VU AR - 4K r1_games
checkpoint, BEHUIFIH—WIRTOLE, 455078300 3 WO 5L, 4 HE0E SR S el B A5 06
£ & %1% %] Dynamixel.

LB BRI AR N 30 Hz, ERIA P/D gain 4354 8ee 1 200, Rk HIEIREIA 500 mA.

LEAP Hand In-Hand Reorientation O Repository


https://github.com/CQULeaf/leap-hand-inhand-reorientation

5 . HESEN 10

5 HE. MESEY
51 HAFEAD
O EAHETI % checkpoint, Jf7E README A1 1 SRR AT 4«

Listing 3: /i 4% iS5 smoke test

bash scripts/eval/play_stagel.sh --num-envs 1

bash scripts/eval/play_stagel.sh \
--num-envs 1 \
--max-steps 20 \
--headless \
--physx-smoke-buffers

A PR AL BUR TR 2 & A VE I A% AL B S ) smoke test: B ] LLAGHIE Isaac Lab #8330 1155
REE M. checkpoint RENNEL. FEHEFIIAEL step HE 2 A HiE .
52 ESBEHERE

ESE AR S AR E T scripts/deploy/reorient_z.sh #E N . iZA &% LEAPHandCon-
troller, A[IEHE dry-run Bz, AT DUERSLR & OS5 N BHERIZSE. BT E il
A HERA . P/D gain MHFIRS], Kb EGs 17 I ZHE ATk A 22 4 2% -

Listing 4: 22k il & HERR KL 71

bash scripts/deploy/reorient_z.sh \
--checkpoint pretrained/leap_hand_reorient.pth \
--device cuda:0 \
--dry-run \

--max-steps 5

Listing 5: FL KA1 i 2 A5AR

bash scripts/deploy/reorient_z.sh \
--checkpoint pretrained/leap_hand_reorient.pth \
--port /dev/ttyUSBO \
--hz 30 \
--kp 800 \
--kd 200 \
--curr-lim 500 \
--max-steps 600 \
--disable-torque-on-exit

g 5.1: REABF
FAEAFIZAT AT NN LEAP Hand [85€ 520, IEATHGEIRS] . SUs 5% R check-
point KIEMEx Kizi7 4L
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53 EiE

K7 L5 SRS

H#r i %/ A CINTRU IR S

YRSt S scripts/tools/check_assets.py USD % / f¢(E H- 5% hash —
S

5513 scripts/tools/list_tasks.py Gym registry F1/£1£ LEAP
Hand 1155,

OE=E e scripts/eval/play_stagel.sh checkpoint g4 A\ f)j 5

YIZEAN scripts/train/stagel.sh MZRA. Hydra fic B A
rl_games runner fi£ )3 30

#H# dry-run scripts/deploy/reorient_z.sh MERIINEL . WL 3 s AN S VR ER
NN INE T

54 HEIFR

Fs R AN SRS, XS IRMRAHE H s, ERERE RGXHEARRES KAl 52
AT SR A 2%, RIS U RT BEAS 5 fi B

B HEMES AR z W EE . BEAE AT AREEARRER, EREEE 4L SE
E LA Z . BARRY B = HbR, KB, Kbk, HARA ORI b s K B2 #R Al fie 75 2L

HH AL

6 ZHip

AWH 7R T — 26 5 %1 LEAP Hand F N 7 U E MIBORER 48 7E Isaac Lab H Sl H R AL
SI¥REE, M rl_games IIZ5iE 0 PPO #hg, JEid ADR iz /)7 &tt, HREVAERIS R
SCAEFARE L O, TUH BORS ROR LRI, SRR E R, TREUFUERE, EEIFNpLEs N 307 AR b
PR RSB DIZRENS . SRR B D AR

S 3CRK
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