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B, ANMUMTHEEXIREESINRZ, BAREREEETER.
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https://www.runoob.com/python/python-tutorial.html
https://www.runoob.com/cplusplus/cpp-tutorial.html
https://www.runoob.com/linux/linux-tutorial.html
http://www.autolabor.com.cn/book/ROSTutorials/
https://zh-v2.d2l.ai/
https://hrl.boyuai.com/chapter/intro
https://yangzhiping.com/tech/github.html
https://www.bilibili.com/video/BV1wQQhYcEWC/?spm_id_from=333.337.search-card.all.click
https://www.bilibili.com/video/BV1sd4y167NS/?spm_id_from=333.337.search-card.all.click
https://www.bilibili.com/video/BV1CPG2zJEAP/?spm_id_from=333.337.search-card.all.click
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7. XBIRALER
« #E%¥3 (Curriculum Learning) :
FllGERES (Wihi), BESIBIEE (ITE- /8- EE),
- PB4 (Domain Randomization) :
EhERREICNEEE. BiRES, RTINS EL,
- {2ai# 1 (Early Termination) :
SHlRiEEAR R SRERIIE, MEF .

« THEFER (Action Smoothing) :
FEsfERIEEMNDEREE2E, ERBiliE,
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1. =& pythonE#iIFEminiconda

AR

1 wget https://repo.anaconda.com/miniconda/Miniconda3-latest-Linux-x86_64.sh
2 chmod +x Miniconda3-latest-Linux—-x86_64.sh
3 ./Miniconda3-latest-Linux—-x86_64.sh

—HREnterEEIf\yes
BT ARSI

BUZEMIFR: flin&ifnjjp (AIUEMNNRT, XEFXHCAIRFT)

AR

1 conda create -n jjp python=3.8.10

2 conda activate jjp

:~% conda activate jjp

[ T&icuda, MifcondaflcudaBIX 3, BEGIEE

it Conda CUDA

Z2fta FRAEENTRERERSA NVIDIA #EHBHTIHEFEHAPI
fEFRS BitE (EEPythonifi. EMRAE) EFE (HARAGPURITIHE)
BOBR AR, fIZREHE HIAGPUR TR EREHITIHE

xR o] EECcUDATEA EGPUEITREFIMEHR
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2. % cuda

WA TS, &F GPU XHFR&S CUDA iE, XERRAVE 12.2, XEMKE, LB CUDA R

AT <=12.2,
(GRS

1 nvidia-smi

(base) :
Tue Nov 26 15:51:59 202

| GPU
rr. ECC |

Name

| Fan Temp Perf

pute M. |
|

cundag 7 Mt
HXEEET12.1.0

Driver Version:

Persistence-M |
Pwr:Usage/Cap |

S nvidia-smi

-

535.54.63 CUDA Version:

Disp.A | Volatile Unco
Memory-Usage | GPU-Util Com


https://developer.nvidia.com/cuda-toolkit-archive
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Download Latest CUDA Toolkit Learn More about

Latest Release
CUDA Toolkit 12.6.3 (November 2024), Versioned Online Documentation

Archived Releases

CUDA Toolkit 12.6.2 (October 2024), Versioned Online Documentation
CUDA Toolkit 12.6.1 (August 2024), Versioned Online Documentation
CUDA Toolkit 12.6.0 (August 2024), Versioned Online Documentation
CUDA Toolkit 12.5.1 (July 2024}, Versioned Online Documentation
CUDA Toolkit 12.5.0 (May 2024), Versioned Online Documentation
CUDA Toolkit 12.4.1 (April 2024), Versioned Online Documentation
CUDA Toolkit 12.4.0 (March 2024), Versioned Online Documentation
CUDA Toolkit 12.3.2 (January 2024), Versioned Online Documentation
CUDA Toolkit 12.3.1 (November 2023), Versioned Online Documentation
CUDA Toolkit 12.3.0 (October 2023), Versioned Online Documentation
CUDA Toolkit 12.2.2 (August 2023), Versioned Online Documentation
CUDA Toolkit 12.2.1 (July 2023), Versioned Online Documentation
CUDA Toolkit 12.2.0 (June 2023), Versioned Online Documentation
CUDA Toolkit 12.1.1 (April 2023), Versioned Online Documentation
CUDA Toolkit 12.1.0 (February 2023), Versioned Online Documentation
CUDA Toolkit 12.0. 023), Versioned Online Documentation
CUDA Toolkit 12.0.0 (December 2022), Versioned Online Documentation
CUDA Toolkit 11.8.0 (October 2022), Versioned Online Documentation
CUDA Toolkit 11.7.1 (August 2022), Versioned Online Documentation
CUDA Toolkit 11.7.0 (May 2022), Versioned Online Documentation
CUDA Toolkit 11.6.2 (March 2022), Versioned Online Documentation
CUDA Toolkit 11.6.1 (February 2022}, Versioned Online Documentation
CUDA Toolkit 11.6.0 (January 2022), Versioned Online Documentation
CUDA Toolkit 11.5.2 (February 2022}, Versioned Online Documentation
CUDA Toolkit 11.5.1 (November 2021), Versioned Online Documentation
CUDA Toolkit 11.5.0 (October 2021). Versioned Online Documentation
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Select Target Platform

Click on the green buttons that describe your target platform. Only supported platforms will be shown. By downloading and using the software, you agree to fully comply with the terms
and conditions of the CUDA EULA.

Operating System m -

e

Distribution

Version

Installer Type

Download Installer for Linux Ubuntu 20.04 x86_64

The base installer is available for download below.




TEHRAMERNFT AR IRRENGS

The base installer is available for download below.

> Base Installer
Installation Instructions:

$ wget https://developer.download.nvidia.com/compute/cuda/12.1.0/1local_installers/cuda_12.1.6_530.30.02_linux.run
$ sudo sh cuda_12.1.0 530.30.02_linux.run

L& cudahii4spytorch

AR

1 conda activate jjp
2 conda 1install pytorch torchvision pytorch-cuda=12.1.0 -c pytorch -c nvidia

MNAIFEE T cuda, Ctrl+Alt+THI A RIF

AR

1 conda activate jjp
2 python

£33 NBIpython£Lim A ia N\

(GRS

1 dmport torch
2 print(torch.__version__)

3 print(torch.cuda.is_available())

(base) :~S python

Python 3.12.7 | packaged by Anaconda, Inc. | (main, Oct 4 2024, 13:27:36) [GCC
11.2.8] on linux

Type "help", "copyright", "credits" or "license" for more information.

import torch

print({torch. wversion_ )

1+cul24g

print{torch.cuda.is_available())

=
-

5.

BT HRASS M Truel N LE/IN

2.2EE

FERBFEIM: gazebo . isaac gym. isaac sim. mujoco. genesis



HFNBFIEEREHIESE, % 2 {ERisaac gymHlisaac sim (FEBH
IHBIX Hllisaac gymiE4 F&%FT),gm%&E%&MWE%(E FREBRFEE,BRFANEFA
B LU ERERM:EEWM) , EARFIRP, ERERisaac gymERINIGFESS, mujocolERFE
I03IE,

1.Z&pytorch(REZEIJE)
ZE&pip

AR

1 sudo apt install python3-pip

LR -
ISR
1 pip install torchvision -i https://pypi.tuna.tsinghua.edu.cn/simple
2 pip install torch -i https://pypi.tuna.tsinghua.edu.cn/simple
3  pip install pyquaternion -i https://pypi.tuna.tsinghua.edu.cn/simple
4  pip install pyyaml -i https://pypi.tuna.tsinghua.edu.cn/simple
5 pip install pexpect -i https://pypi.tuna.tsinghua.edu.cn/simple
6 pip install matplotlib -1 https://pypi.tuna.tsinghua.edu.cn/simple
7 pip install einops -i https://pypi.tuna.tsinghua.edu.cn/simple
8 pip install tqdm -i https://pypi.tuna.tsinghua.edu.cn/simple
9 pip install packaging —-i https://pypi.tuna.tsinghua.edu.cn/simple
10  pip install h5py -i https://pypi.tuna.tsinghua.edu.cn/simple
11 pip install ipython -i https://pypi.tuna.tsinghua.edu.cn/simple
12 pip install getkey -i https://pypi.tuna.tsinghua.edu.cn/simple
13 pip install wandb -i https://pypi.tuna.tsinghua.edu.cn/simple
14  pip install chardet -i https://pypi.tuna.tsinghua.edu.cn/simple
15 pip install matplotlib -i https://pypi.tuna.tsinghua.edu.cn/simple
16 pip install numpy==1.23.2 -i https://pypi.tuna.tsinghua.edu.cn/simple

17  pip install h5py_cache -i https://pypi.tuna.tsinghua.edu.cn/simple

18 pip install opencv-python -i https://pypi.tuna.tsinghua.edu.cn/simple
19 pip install tensorboard -i https://pypi.tuna.tsinghua.edu.cn/simple
20  pip install onnxruntime

21 pip install mujoco-python-viewer

Az

2. &Z%isaacgym

| isaacgym.tar.xz ®
130.62MB


https://www.bilibili.com/video/BV12ykTY5EPr/?spm_id_from=333.337.search-card.all.click&vd_source=e269fba241431be81b8e557349b772ae

TEUE B R T AR IRHNEMIF R H REE

RIGIR

1 git clone https://github.com/isaac-sim/IsaacGymEnvs.git
2 conda activate jjp

3  pip install -e ./isaacgyml/isaacgym/python

4  pip install -e ./IsaacGymEnvs

WIEREE

AR

1  python

AR

1 “dmport tdsaacgym
2 quit()

l{baﬂe) :~5% conda activate jjp

(ijp) :~$ python

\Python 3.8.10 (default, Jun 4 2021, 15:09:15)

[GCC 7.5.8] :: Anaconda, Inc. on linux

Type "help", "copyright", "credits" or "license" for more information.

=== import isaacgym

Importing module 'gym 38' (/home/arx/isaac/isaacgym/isaacgyml/isaacgym/python/is

aacgym/ bindings/linux-x86 64/gym 38.s0)
‘Setting GYM_USD PLUG _INFO PATH to /[home/arx/isaac/isaacgym/isaacgyml/isaacgym/py
thon/isaacgym/ bindings/linux-x86 64/usd/plugInfo.json

KeyboardInterrupt
=== quit()
(33p) :~$ il

pythoniz{ Tl FER L F SR EY

(AN RS

1  python ./IsaacGymEnvs/isaacgymenvs/train.py task=Cartpole



Isaac Gym

Isaac Gym
Sim Viewer Perf
+ Environment

how selected env axes
how selected env outline
thow only selected env
pole
ustom actor color

pt Actor Materials

= = §F % — R —— e —
Pose Override | y. — e ”‘“""m@_’m’ —
oom R e e e L AR YNNIy e

how body ndices %ﬁ'— ———— 7 —— k“ﬁ%ﬁm@ ——— r &

slider v

= e j, — —} ——
les | DOFs ===

==
cart ———
——
pole

ALUEEET—%=, HAIEREILIEETIRE

Viewer Perf
+ Environment
plected env axes
plected env outline

ly selected env

actor color

r Materials

DOFs ~ Pose Override

pdy indices

3. REHEFEMUjoco
T Ris

AR

1 wget https://mujoco.org/download/mujoco210-1linux—x86_64.tar.gz




2  tar -zxvf mujoco210-1inux-x86_64.tar.gz
3  export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:/home/.mujoco/mujoco210/bin

Azt

(GRS

1 cd mujoco210/bin

2 ./simulate ../model/humanoid.xml

MEZERXFE—TRE

Joint

rint model Print data

Contral

—.legged_gym
EEGRzE

legged_gym.zip
68.19MB ©
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1 https://github.com/leggedrobotics/legged_gym.git

mHIEE T ICRE AR, XBRETF: Robotic Systems Lab, ETH Zurich

2 CHHRECE: FRABHTEESRE, FELI—RYIBENV (L)
: rsi_rl(ppo3EiR)

BUES: IRRERMIWEL (proximal policy optimization, PPO)

fEreadmer N &Eirsl_rl.

4. Install rsl rl (PPO implementation)
- Clone https://github.com/leggedrobotics/rsl rl
‘cd rsl rl &% git checkout v1.0.2 && pip install -e .~

5. Install legged gym
- Clone this repository
‘cd legged gym && pip install -e .~

hEEEEEA:

1.legged_robot_configx ¥, @EIEHELR

LeggedRobotCfg

o [ [ o | ] | |

env terrain commands init_state control asset rewards normalization noise viewertB#1 sim




class env:

num envs = 4
num_observations = 235
num_privileged obs =

num actions
env_spacing
send timeouts
episode length

o num_envs---JIIZREEAEE
o num_observations-—-MERSEHE (MEMAEBIEKE)

o num_privileged_obs---4N&R ZNonelllstepik[E]dprivileged_obs@None, iR A& MR
privileged_obs

(—RRIEFERIEX TR LEBI )
o num_actions---ERBHAE HB/BAXTEHE)
o env_spacing---EaEKEIIEREFH (plane) 1EMA
o send_timeouts---B B R TREEEMR (REXNEIER)

o episode_length_s---BMEgeAFE EmETE (s)

restitution = 8.

measure heights = T
measured poin

measured p01n

nit ter;din
lr| ltnqth

terrain proportions

slope treshold = 6.75

terrain
o mesh_type---#ifznone, plane (Fih) , heightfield (BEE) ortrimesh (IFIXHFZ)
o horizontal_scale---/KFERE (m) HEFRAZHE
o vertical_scale--EZEHEE (m)
o border_size---i1%4EE, MAEBANRNER (m)



o curriculum---IRIEFX (MERERSHEE)
o static_friction---EREEIR
o dynamic_friction---GhEER
o restitution--fR&EH
o {RUFIXHIFZ
= measure_heights
o HIAZRRA]

o ENMEMRRMANEESERENEM _ EMANRBRAMENEIE. FEZERETIR
_get_noise_scale_vec E X2 R RN % A SE Bl AN

o ffl:unitree al, BRiknum_observations=235,HH0-48 25428, 48-2352 07,
itk EFalseMinum_observationsEiF%& /748

7/

= measured_points_x---MZE EX

= measured_points_y---MZEY

= selected---IEEFEMW —RIMF R B HEZERE S
= terrain_kwargs---FmEAZ B S (FH)

= max_init_terrain_level---FH&RIZRE

= terrain_length---#hfis K E

= terrain_width---#fZ 55 E

= num_rows-—- #2175k

= num_cols---#fZ51%%

= terrain_proportions---#fi2358 . [Smooth Slope. Rough Slope. Stairs Up. Stairs
Down. Discrete]

= slope_treshold---SFtHERNKRERBHERENEERE

lass commands:
curriculum = False
max curriculum = 1.
num commands = 4
resampling time
heading command

class ranges:
lin vel x = |
lin vel y = [-1.8
ang vel yaw =
heading = [-3.14, 3.14

Commands



curriculum---IRE IR

(e]

o

max_curriculum---iR 2R EE

[e]

num_commands=4---FKIAE: lin_vel_x. lin_vel_y. ang_vel_yaw. heading (f£heading
&EX Fang_vel_yawiRiEheadingiRZEE#itH)

resampling_time---1J#% &5 < BB 8]
heading_command-—-301& % true: RIBEMEIREITHE ang vel &%

(e]

o

[e]

ranges
= lin_vel_x---min max [m/s]
= lin_vel_y---min max [m/s]

= ang_vel_yaw---min max [rad/s]

= heading---rad

ang _ uel : B
default _joint :nqlt_ =
"joint a": @.
"joint b": ©.)

init_state
o pOS---X,y,z [m]
o rot---x,y,z,w [quat]
o lin_vel---x,y,z [m/s]

o ang_vel---x,y,z [rad/s]

g

o default_joint_angles={ "joint_a": 0.,"joint_b": 0. R /EMII X T A E

class contraol:
control type = 'P'

stiffness

{'joint a': 1@.0, 'joint b': 15.}
damping j

'llnf a': 1.0, 'joint b': 1.5}

I
1

action scale

decimation =

control
o control_type---P: pdi=hi23, V:REEH, T: 773EI=H]



= stiffness=={'joint_a'": 10.0, 'joint_b": 15.}---WIE(P)[N*m/rad]
= damping={'joint_a": 1.0, joint_b": 1.5}---fE/E (D)[N*m*s/rad]
o action_scale

= action scale: target angle = actionScale * action + defaultAngle---Eh{E4EHR (F&RIEMILE L
& k)

o decimation¥EIEHIT N

o file--urdfigf®

o name---Hl2FAEF.

o foot_name---fiMARRTR, AFABERETMEMIKERHIZRSI
o penalize_contacts_on---#EST BRI E B 1ZAEAIlinx

o terminate_after_contacts_on---1REMlinkiZAtE thERLLR LE

o disable_gravity-—-ZHE}

o collapse_fixed_joints---&HHEE X TiEZRILAE, JLUER R “<..dont_collapse="
true “ RERBIFENEEXT>

o fix_base_link---EEWN 2§ Abase_link{E=

o default_dof_drive_mode---i5£[% GymDofDriveModeFlags (0 &=k, 1%&® postgt, 2
= vel tgt, 3 Fneffort)

o self_collisions---BEFIAE SHliiE

o replace_cylinder_with_capsule--- AR EZIERIERET(E, LINEIR/BRERIE
o flip_visual_attachments-—-3LE .obj FIMEHTIM y im_EEIFZE z #m E

o density---ZE

o angular_damping---fie¥%Ba e



o linear_damping---4¢14FEfE

o max_angular_velocity-—-BRAfBiRE
o max_linear_velocity---Bx KR E
o armature--x &M

o thickness---EE

termination = -0.0
tracking lin vel =
tracking ang vel
lin vel z = -2.0
ang vel xy = -G
orientation
torques 6

dof vel =

dof acc = -2.5
base height = -@
feet air time
collision = -1.
feet stumble = -©
action_rate = -0.6
stand still

only positive rewar
tracking sigma = 0.2
soft dof pos limit

soft _dof vel limit

soft torque limit

base height target = 1.
ax_contact force = 1060.

rewards
UE— PRI AGF, MREMREEEEEXHFRINTE,
4amiscales (INE) ,FOXTLZAYLE 5K #44E 5
= termination

o &R IFAMFI1*termination

eset_buf * ~self.time out buf

= tracking_lin_vel (EE&ER)



2

o exp( 055), XEIRERET E SR ENESHT, MEEXENMMEREN[-1,1]
5
N5

tracking_ang_vel (EEHER)

2
. ﬂtexp(m), BINE 0.5
lin_vel_z (BEH)

o ZMIEREYRH,AEXENER-2, ARMEIZZHERE, FENETSSRMILS

ird lin vel z(self):

turn torch.square(self.base lin vel[:, 2]]

ang_vel_xy (EEHE)
o X,y AR EREST]
orientation

o R

torques

o JIFEIESH

dof_vel

o KTIREET



= dof_acc

o XINEEES]
= base_height

o BEXM
= feet_air_time

o FIEFHEEAYE)EST

= collision
o IESTIEENIA LAV E

= feet_stumble(E A FRMIBR T ZRHERI%K)
o EIIENELEERE, M TEREEM

= action_rate
o THETLWER, LofEEELE, FARE
= stand_still
o EJIEEIMVEMNENER (TERE/RIIHER)
only_positive_rewards
= U1 true negative SRFHEIBAZE (ERIERILZLLRHR)
tracking_sigma
= BRER¥ERN =exp (-errorf2/sigma)
soft_dof_pos_limit
= Urdf [RBIBVESDLE, =T URRFIRER = EIES]
soft_dof_vel_limit
= RTRERS
soft_torque_limit
= HHFEMRH
base_height_target
» base linkBirsE
max_contact_force

» SFHENHEZIES (BE2E _reward_feet_contact _forcesZEfp{EE)



FERMRBER:

@ & &+

—0.05x%

>

&

i, BN

wg

[

normalization:
ss obs scales:
lin vel ;
ang vel =
dof pos

dof_vel = 0.05

height measurements = 5.0
clip observations = 160.
clip actions = 1060.

normalization

o obs_scalesSM4& 1K
= lin_vel ZREZEK
= ang_vel AREZK
= dof_posXTiIESEK
= dof_vel X REFEMR
= height_measurements

o MENSE
o clip_observations

= SRR

15



o clip_actions

= EH{ERUR

class noise:
add noise = T

dmf_pﬂﬂ

dof vel =

lin vel =

ang vel =

gravity = 0.05

height measurements = 0.1

noise

o add_noiseZRINIEE

o noise_levellgEEHLK

o noise_scalesIEE4EIK
= dof_pos XTifiEEAE
s dof_vel XTIREMRS
» lin_vel REEE
= ang_vel AERERE
= gravity imulgE

= height_measurements

class viewer:

ref env = 0

pos = [18,
lookat = [11.,

viewertgil
o ref_env (EA)
o pos N IE
o lookat MEHNERIE



gravity = [0.,
up axis = 1

class physx
num_threads = 1€
solver type = 1
num_position iterations
num velocity itera
contact offset
rest offset =
bounce_threshold velocity = ©
max depenetration velo
max gpu contact pairs = 2
default buffer size multiplier
contact collection = 2

o dt---HiB1THK
o substeps---Z/LFHF—RRIGITE
o gravity---E1%
o up_axis--—-0isy,lisz
o physx (isaacfERYIIES | ZESE)
= num_threads-—-4#2K
= solver_type---3Kf#23
= num_position_iterations--{IBXRE, FHHERBE
= num_velocity_iterations---IREIERRE, FMHERE
= contact_offset---fil = R#%
= rest_offset---EE R
= bounce_threshold_velocity---3# Bk EERE
= max_depenetration_velocity---Fx KEFiERE?
= max_gpu_contact_pairs--—-g A GPU X34k
= default_buffer_size_multiplier---BRIAE HX A/

= contact_collection-—-BERAES



class LeggedRobotCfgPPO(BaseConfig):
seed = 1
runner_class name = 'OnPolicyRunner’
class policy:
init noise std = 1.0
actor hidden dims = [512,

critic_hidden dims = [512,
activation = 'elu’

2.PPO
o speed:FEHMHT
o init_noise_std:IEEITEE
o actor_hidden_dims: SFRNKI2EE
o critic_hidden_dims: M{EMLKEREE
o activation: BUEREK
class algorithm:

value loss coef = 1.0
use clipped value loss = T
clip param = 0.2
entropy coef = 8.01
num_ learning epochs
num mini batches =
learning rate = 1.e-3
schedule = 'adaptive’
gamma = ©.99

Llam = 8.95

desired kl = ©.081

max_grad norm = 1.

XEEXTERppoRE, AFEEN, MUXERBRR, BXEAILUBITT #ppoFix



class runner:
policy class name = 'ActorCritic’
algorithm class name = 'PPO’
num_steps per env = 24
max_iterations = 1500

save interval = 50

experiment name = 'test’
run_name = ‘"'

resume = False
load run = -1
checkpoint = -1
resume path = None

e runner
o policy_class_name: &5 FR
o algorithm_class_name: & F
o num_steps_per_env: MLEHMANTEK
o max_iterations: EAIEMRIRER
o save_interval: SREZVREEF—X
o run_name: BEXKEEZF (F&FH)
o resume : iEB{TIEEY

o TENAHFA, HMAERSRIERT

= Fmillgk

LINRERSY
AL ATHIESRNEEHR, BESRHREM2048Magent (BEEKK)

EPnum_envs,

num_observationsS# AREIEN :

235=3(%RE)+3 (ARE) +3 (BEHKF) +3 (miEH) +12 (XTHE) +12 (XTHRE)
+12 (LERMZKIL) +187 (tzmEMM)

XEBEHITMRZINGEE\NE, LREMMESERT/ERENEY. FTLL, num_observationsiZiZi{ A
235-187-3



num observations =

num privileged obs
num_actions
env_spacing

send timeouts =
episode length

WEME BN F K

self.obs_buf = torch.cat|((

hts = torch.clip F. s 2]. e(l) - 0.5 - self. ed _heights, -1, 1.) * self.obs_scales.height_measu
self.obs_buf = torch f

f.add noise:
f.obs buf += (2 * torch.rand like(self.obs

Computes observations

self.obs buf = torch.cat(|

BIEHFRSE — N REM. XA measure_heights = False



class LeggedRobotCfg(BaseConfig):
class env:
num_envs = 2048
num observations = 235-187-3
num privileged obs = None
num actions = 12
env_spacing 3.
send timeouts = T
episode length s

class terrain:
mesh_type = ‘plane’
horizontal scale = U
vertical scale = 0.0
border size = 25
curriculum = Trug

¥legged_robot_config.pyX e terrainfImesh_typef&eaplane, FFi&lI%k

2. F4gillgk
fEscriptsX 4 T AL imHE NEIRRE]jp, FFaillgkal

~ B U @ legged _gym > envs » al > % al_config.py > 93 A1RoughCfg > 43 asset

> .github

v legged_gym from legged gym.envs.base.legged robot config import LeggedRobotCfg,

e class AlRoughCfg( LeggedRobotCfg ):
: class init state( LeggedRobotCfg.init state ):
a1_config.py pos = [0.0, 0.0, ©.42]
» anymal b default joint angles = {
"FL_hip joint': @.1,
'RL_hip joint': @.1,
"FR_hip joint': -
'RR_hip joint': -

~ al

"FL_thigh joint': @
'"RL_thigh joint':
"FR_thigh joint': @
'RR_thigh joint':

oo o=

"FL calf joint': -

'"RL _calf joint': -
"FR_calf joint': -
'RR_calf joint': -1.

wowowow

1
class control( LeggedRobotCfg.control }:

control type = 'P'
stiffness = {*joint': 20.}
damping = {'joint': 0.5}

N RBEEX T RALTTERFA

RETHRME, URBHNEIIAXTUENKp kdF

LA a1I%R

AT BERAREFTESAIK, FfilEconfigthd, HEIXNEEHIEN

LeggedRobotCfgPH




base_task.py max_grad _norm = 1.

legged_robot_config.py M
legged_robot.py class runner:
> cassie policy class _name = 'ActorCritic’
init__.py algorithm class name = 'PPO’
num_steps per_env = 24
max_iterations = 1560

» sCripts
MUJOCO_LOGTXT
play.py
sim2sim.py save_interval = 500
train.py experiment name = 'test’

S tesks run_name = "'

~ utils

resume =
>

load run

resume =

load_run =
checkpoint = -
resume_path = None

1 TERMINAL

(base) jiaojunpeng@xyj:~/isaac/legged_gym/legged gym/scriptst conda activate jjp

(jjp) jiaojunpen /isaac/legged gym/legged_gym/scripts$

(jip) jiaojunpen /isaac/legged gym/legged_gym/scripts$

(jjp) jiaojunpen /isaac/legged gym/legged gym/scripts$

(jjp) jiaojunpen ~/isaac/legged gym/legged_gym/scripty

(3jp) jiaojunpeng@xyj:~/isaac/legged gym/legged gym/script<$ python train.py --task=all]

al open-source commit

AR

1 conda activate jjp
2 python train.py --task=al

E1TENRI BRI FEINGR RIA R gymillZR R E, RVELEBERIMNE)IS

Total timesteps: 36470784
Iteration time: ©.85s
Total time: 345.08s
ETA: 16051.8s

 ELTE L T Bl FE b E Bl EE B o EE Bh bl dE b dE B L EE B BB BE bl b bl Bl dE B B EE B BB oBE bl bl Bl bl B BE o BB EE b b b dE B bh B B EE B B B EE bl b FE AL EE £
TR TS T I T ar or A ar A ar A7 47 A 90 77 90 AT A7 90 A7 40 47 AF A7 40 A7 90 47 98 AT A7 90 AT AT AT A7 A7 10 AT 90 48 90 AT AF A0 A 48 AT A7 A7 A7 A7 90 47 A0 AT AF AT AT 40 4T A7 47

Learning iteration 371/1500

Computation: 187594 steps/s (collection: ©.628s, learning 6.2865)




INREBDNREIIBR AR E, B ES B
robot_configX

flip_visual_attachments =TrueZiFalse

BHRurdfRX T

def create envs{self):
""" Creates environments:
1. loads the robot URDF/MICF asset,
2. For each environment
2.1 creates the environment,
2.2 calls DOF and Rigid shape properties callbacks,
2.3 create actor with these properties and add them to the env
. Store indices of different bodies of the robot
asset path = self.cfg.asset.file.format(LEGGED GYM ROOT DIR=LEGGED GYM ROOT DIR)
asset root = os.path.dirname(asset path)
asset file = os.path.basename(asset path)

asset options = gymapi.AssetOptions()

asset options.default dof drive mode = self.cfg.asset.default dof drive mode
asset options.collapse fixed joints = self.cfg.asset.collapse fixed joints
asset options.replace cylinder with capsule = self.cfg.asset.replace cylinder with capsule
asset options.flip visual attachments = self.cfg.asset.flip visual attachments
asset options.fix base link = self.cfg.asset.fix base link

asset options.density = self.cfg.asset.density

asset options.angular damping = self.cfg.asset.angular damping

asset options.linear damping = self.cfg.asset.linear damping

asset options.max_angular velocity = self.cfg.asset.max_angular velocity

asset options.max linear velocity = self.cfg.asset.max linear velocity

asset options.armature = self.cfg.asset.armature

asset options.thickness = self.cfg.asset.thickness

asset options.disable gravity = self.cfg.asset.disable gravity

robot asset = self.gym.load asset(self.sim, asset root, asset file, asset options)
self.num dof = self.gym.get asset dof count(robot asset)

self.num bodies = self.gym.get asset rigid body count(robot asset)

dof props asset = self.gym.get asset dof properties(robot asset)

rigid shape props asset = self.gym.get asset rigid shape properties(robot asset)

hody names = self.gym.get asset rigid body names(robot asset)
c2lf.dof names = self.gym.get asset dof names(robot asset)
print[("jonit::",body names])
self.num bodies = len(body

¥ _names)
self.num dofs = self.dof 1 =




BNeI&E:

'FL_thigh', 'FL_calf', 'FL_foot', 'FR_hip', 'FR_thigh', 'FR_calf', 'FR_foot', 'RL_hip', 'RL_thigh', 'RL_calf', 'RL_foot', 'RR_hip', 'RR_thigh",

ErRdiTILNg:  LorCr. 107 100 arn uponing e TUWITU D TequiTed o pass theInd

AT ESEEZA

ZEVRR, Tl liEhplay.pyA:

,train_path=

(RVIERZS

1 path="'/home/arx/isaac/legged_gym/logs/rough_al/Sep29_13-46-
06_/model_1500.pt"

2 ppo_runner, train_cfg = task_registry.make_alg_runner (env=env,

name=args.task, args=args, train_cfg=train_cfg,train_path=path)

SRS IECIX BRI AR

t to train (TODO:
d . If None, t

s to None.
1fig file. De

r‘esume_path=train_patﬂ
print(f"Loadins 1 from: { ume pat
runner. load (

runner, train cfg

re

(GRS

1  python play.py --task=al



3. G INHAZ ISR

legged_robot_config.py

¥legged_robot_config.pyXfEHBiterrainfImesh_typef&e& A trimesh, FFaaiIZk



¥ Actor

3EFIINGLER

AR

1 conda activate jjp

2 python play.py --task=al

=.MujocofFET#%
XERRSIHNH, DU

al.zip
°

BINFE— MR xmIREmujocolh E&E THITIHEE !

l.urdf#mujocotZHY



<material name=":
<color rgba="0

</material>

<material name="{

<color rgba="0
</material>
<material name="|

<color rgba="0

</material>
<material name="
> meshes <color rgba="0
v urdf </material>
2 al.urdf v <material name="\
<color rgba="1
</material=

X fFrobots THal.urdfiER, Tl 17Eal>X 4 T EIExmIS K AREFRmujocoF FRYHERS
(GRS

1 cd robots/al
2 mkdir xml

FErobotZ L FEIMAmMujocoBERE, FEXERFRNNECH

AREIR

1 <mujoco>

2 <compiler

3 meshdir="/home/jjp/issac/legged_gym/resources/robots/al/meshes"
4 balanceinertia="true"

5 discardvisual="false" />

6 </mujoco>



?xml version="1.0"
<robot name="al description" xmlns:xacro="http Www.ros.org/wiki/xacro">
<mujoco=
ompiler
meshdir="/home/pi/Downloads/LocomotionWithNP30-master/resources/tinymal/meshes"
balanceinertia="true"
discardvisual="Talse
</mujoco:
<material name="blac

<color rgba="0.0 0.0

<material name="blue">
<color rgba="0.0 0.C
materialp]
aterial name="gree
<color rgba="0.0 0.

terial>

<material name="grey">

<color rgba="0.2 0.2 0.2

origin rpy="0 0 0" xyz="0 0 0"/=
<geometry>
mesh filename="/home/jiacjunpeng/isaac/legged gym/resources/robots/al/meshes/trunk.stl' scale="1 1 1"/>
jeometry>
material name="orange”/>
</visual>
<collision>
<origin rpy="0 0 0" xyz="0 0 €
<geometry=

RrdaesX fFEz b st fstitetl, HTFHEBABFEZMMBNE—XHE T, X BN T i

C' @ O imagetost.com/cn/converiffile

TE. XHEES. @IMAGETOSTL RE. B

%, ARALERFITN 30 4RI5EL (40 Blender 2f 3DITEITBAA#H—FIE. BIINWEBTEFTLEFREZTDAETXHE; —RBEALUEE
i 25 3z,

@ calf.dae 1



https://imagetostl.com/cn/convert/file/dae/to/stl#google_vignette

%)

calf.dae calf.stl hip.dae hi[jj,tl thigh.dae thigh.stl thigh_

mirror.d
LY >

thigh_ trunk.dae trunk.stl trunk_A1.

mirror.is / png

SHlal.urdf>3HE&1E, FTFmujocos 3k

(base) : 5 sudo ./compile /home/jiaojunpeng/isaac/l
egged_gym}regaurce5}rDthSJﬁE(urdf}al.urdf Jhome/jiaojunpeng/isaac/legged gym/re

sources/robots/fal/xml/al.xm

1

AR XENRIEEECHREI

AR

1 sudo ./compile
/home/jiaojunpeng/isaac/legged_gym/resources/robots/al/urdf/al.urdf
/home/jiaojunpeng/isaac/legged_gym/resources/robots/al/xml/al.xml

HEIBE R T elEscenexmIXXEIT

KGR

1 <mujoco model="al scene">

2 <include file="al.xml"/>

3

4 <statistic center="0 0 0.1" extent="0.8"/>

5

6 <visual>

7 <headlight diffuse="0.6 0.6 0.6" ambient="0.3 0.3 0.3" specular="0 0 0"/>
8 <rgba haze="0.15 0.25 0.35 1"/>

9 </visual>

10



11 <asset>

12 <texture type="skybox" builtin="gradient" rgbi="0.3 0.5 0.7" rgb2="0 0 Q"
width="512" height="3072"/>

13 <texture type="2d" name="groundplane" builtin="checker" mark="edge"
rghbl="0.2 0.3 0.4" rgh2="0.1 0.2 0.3"

14 markrgb="0.8 0.8 0.8" width="300" height="300"/>

15 <material name="groundplane" texture="groundplane" texuniforn="true"

texrepeat="5 5" reflectance="0.2"/>

16 </asset>
17
18 <worldbody>
19 <light pos="0 0 1.5" dir="0 0 -1" directional="true"/>
20 <geom name="floor" size="0 0 0.05" type="plane" material="groundplane" />
21
22 <geom pos="1.2 0 0.04" type="box" size="0.1 2 0.04" quat="1.0 0 0 0"/>
23 <geom pos="1.6 0 0.04" type="box" size="0.1 2 0.04" quat="1.0 0 0 0"/>
24
25 <geom pos="2.3 0 0.02" type="box" size="0.2 2 0.15" quat="1.0 0 0 0"/>
26 <geom pos="2.6 0 0.02" type="box" size="0.22 2 0.3" quat="1.0 0 0 0"/>
27 <geom pos="2.8 0 0.02" type="box" size="0.23 2 0.45" quat="1.0 0 0 0"/>
28 <geom pos="3 0 0.02" type="box" size="0.24 2 0.6" quat="1.0 0 0 0"/>
29 <geom pos="3.2 0 0.02" type="box" size="0.25 2 0.75" quat="1.0 0 O 0"/>
30 <geom pos="3.4 0 0.02" type="box" size="0.26 2 0.9" quat="1.0 0 0 0"/>
31 </worldbody>
32 </mujoco>
33

mujocoar L{THIA
RIGIR

1 ./simulate

¥scenexm XN



Sawve mjk

Print data

Tight

Default

100 %
Right Ul
Info
Sensar

Yertical Sync

Caontrol

Clear all
Run

Reload

Copy pose

2. {&ckal.xmIxX ¥

<body name="robot" pos="0 0 0.415" quat="1 0 0 0"p
<joint name="float base" type="free"/=>
<inertial pos="0 0 0" guat="1 0 0@ 0" mass="4.713" diaginertia="0.0168 0.0566 0.0647"/>
<site name="imu" pos="-0.02557 0 0.04232" />

KIS A ERIRYE, WRimu

(GRS

<body name="robot" pos="0 0 0.415" quat="1 0 0 0">
<joint name="float_base" type="free"/>
<inertial pos="0 0 0" quat="1 0 0 0" mass="4.713" diaginertia="0.0168
0.0566 0.0647"/>
<site name="1imu" pos="-0.02557 0 0.04232" />

</body>

<worldbody=>
<body name="roboT"” pos="U U WU.415" guat="1 U U ©">
<joint name="float base" type="free"/=
<inertial pos="0 @ 0" quat="1 0 0 0" mass="4.713" diaginertia="0.0168 0.0566 0.0647"/>
<site name="imu" pos="-0.02557 0 0.04232" /=
<geom size="0.0005 0.0005 0.0005" type="box" contype="0" conafrinity="0" group="1" />




orldaboay=>

AL e EF

(PR

1 <actuator>
<motor name="FL_hip_joint" joint="FL_hip_joint" gear="1"
ctrilimited="true" ctrlrange="-12 12" />
3 <motor name="FL_thigh_joint" joint="FL_thigh_joint" gear="1"
ctrilimited="true" ctrlrange="-12 12" />
4 <motor name="FL_calf_joint" joint="FL_calf_joint" gear="1"
ctrilimited="true" ctrlrange="-12 12" />

<motor name="FR_hip_joint" joint="FR_hip_joint" gear="1"
ctrilimited="true" ctrlrange="-12 12"/>

7 <motor name="FR_thigh_joint" joint="FR_thigh_joint" gear="1"
ctrilimited="true" ctrlrange="-12 12"/>

8 <motor name="FR_calf_joint" joint="FR_calf_joint" gear="1"
ctrilimited="true" ctrlrange="-12 12"/>

9

10 <motor name="RL_hip_joint" joint="RL_hip_joint" gear="1"
ctrilimited="true" ctrlrange="-12 12" />

11 <motor name="RL_thigh_joint" joint="RL_thigh_joint" gear="1"
ctrilimited="true" ctrlrange="-12 12"/>

12 <motor name="RL_calf_joint" joint="RL_calf_joint" gear="1"
ctrilimited="true" ctrlrange="-12 12" />

13

14 <motor name="RR_hip_joint" joint="RR_hip_joint" gear="1"
ctrilimited="true" ctrlrange="-12 12"/>

15 <motor name="RR_thigh_joint" joint="RR_thigh_joint" gear="1"
ctrilimited="true" ctrlrange="-12 12"/>

16 <motor name="RR_calf_joint" joint="RR_calf_joint" gear="1"
ctrilimited="true" ctrlrange="-12 12"/>

17 </actuator>

18 <sensor>

19 <actuatorpos name='FR_hip_joint_p' actuator='FR_hip_joint' user='13"'/>

20 <actuatorpos name='FR_thigh_joint_p' actuator='FR_thigh_joint'
user="'13"'/>

21 <actuatorpos name='FR_calf_joint_p' actuator='FR_calf_joint'
user="13"'/>

22 <actuatorpos name='FL_hip_joint_p' actuator='FL_hip_joint' user='13"'/>

23 <actuatorpos name='FL_thigh_joint_p' actuator='FL_thigh_joint'

user="13"'/>



24

25
26

27

28
29

30

31

32

33

34

55
36

37

38
39

40

41
42

43

44
45

46

47

48

49

50

<actuatorpos name='FL_calf_joint_p'
user="'13"'/>

<actuatorpos name='RR_hip_joint_p'

<actuatorpos name='RR_thigh_joint_p'
user="'13"'/>

<actuatorpos name='RR_calf_joint_p'
user="13"'/>

<actuatorpos name='RL_hip_joint_p'

<actuatorpos name='RL_thigh_joint_p'
user="'13"'/>

<actuatorpos name='RL_calf_joint_p'

user="13"'/>

<actuatorvel name='FR_hip_joint_v'

<actuatorvel name='FR_thigh_joint_v'
user="13"'/>

<actuatorvel name='FR_calf_joint_v'
user="'13"'/>

<actuatorvel name='FL_hip_joint_v'

<actuatorvel name='FL_thigh_joint_v'
user="'13"'/>

<actuatorvel name='FL_calf_joint_v'
user="13"'/>

<actuatorvel name='RR_hip_joint_v'

<actuatorvel name='RR_thigh_joint_v'
user="'13"'/>

<actuatorvel name='RR_calf_joint_v'
user="13"'/>

<actuatorvel name='RL_hip_joint_v'

<actuatorvel name='RL_thigh_joint_v'
user="13"'/>

<actuatorvel name='RL_calf_joint_v'

user='13"'/>

<actuatorfrc name='FR_hip_joint_f'
noise='le-3'/>

<actuatorfrc name='FR_thigh_joint_f'
user='13"' noise='le-3'/>

<actuatorfrc name='FR_calf_joint_f'
user='13" noise='le-3'/>

<actuatorfrc name='FL_hip_joint_f'
noise="'l1le-3'/>

<actuatorfrc name='FL_thigh_joint_f'
user='13" noise='le-3'/>

<actuatorfrc name='FL_calf_joint_f'

user='13"' noise='le-3'/>

actuator="FL_calf_joint'

actuator="RR_hip_joint' user='13"'/>
actuator="RR_thigh_joint'

actuator="RR_calf_joint'

actuator='RL_hip_joint' user="'13"'/>

actuator="RL_thigh_joint'

actuator="'RL_calf_joint'

actuator="FR_hip_joint' user='13"'/>

actuator="'FR_thigh_joint'

actuator="'FR_calf_joint'

actuator="'FL_hip_joint' user='13"'/>
actuator="FL_thigh_joint'

actuator="FL_calf_joint'

actuator="'RR_hip_joint' user="'13"'/>

actuator="RR_thigh_joint'

actuator="'RR_calf_joint'

actuator="RL_hip_joint' user='13"'/>

actuator="RL_thigh_joint'

actuator="RL_calf_joint'

actuator='FR_hip_joint' wuser='13"
actuator="FR_thigh_joint'
actuator='FR_calf_joint'

actuator="FL_hip_joint' user='13"

actuator="'FL_thigh_joint'

actuator="FL_calf_joint'



51 <actuatorfrc name='RR_hip_joint_f' actuator='RR_hip_joint' wuser='13"
noise="l1le-3'/>

52 <actuatorfrc name='RR_thigh_joint_f' actuator="RR_thigh_joint'
user='13" noise='le-3'/>

52 <actuatorfrc name='RR_calf_joint_f' actuator='RR_calf_joint'
user='13"' noise='le-3'/>

54 <actuatorfrc name='RL_hip_joint_f' actuator='RL_hip_joint' user='13"
noise='le-3'/>

55 <actuatorfrc name='RL_thigh_joint_f' actuator="'RL_thigh_joint'
user='13"' noise='le-3'/>

56 <actuatorfrc name='RL_calf_joint_f' actuator='RL_calf_joint'

user='13" noise='le-3'/>

57

58 <framequat name='orientation' objtype='site' noise='0.001"'
objname="1imu' />

59 <framepos name="position' objtype='site' noise='0.001"
objname="'1imu' />

60 <gyro name="'angular-velocity' site='imu' noise='0.005"
cutoff='34.9'/>

61 <velocimeter name=""1linear-velocity' site="imu' noise='0.001"'
cutoff='30"'/>

62 <accelerometer name='linear-acceleration' site='imu' noise='0.005"
cutoff='157"'/>

63 <magnetometer name='magnetometer' site="imu'/>

64 </sensor>

<framequat name='orientation' objtype='site' no

<framepos name="'position' objtype='site' nois

<gyro name="angular-velocity" site="imu

<velocimeter name="'1linear-velocity' site="imu

<accelerometer name='linear-acceleration' site='"imu

<magnetometer name='magnetometer’ site="imu
</sensor>

</mujoco>




Joint

ontrol

ar all

FE_hip_jain

FE_thigh_jo

FL_hip_joint
FL_thigh_jaoi
FL_calf_jain
FE_hip_joi

FR_thigh_j

FR_calf_joi
RL_hip_join
FL_thigh_jo

FL_calt_joi

FFE N Control X #E N A9 B ThAR 0

(GRS

1 damping="0.1" armature="0.01" frictionloss="0.2"

SARFATMANXTIER: T8 Mjoint//FMA

ke, BTN, Rl

SRET—1%



<body nan FL hip" pos="0.183 0.
<inertial pos="-0.003311 0.¢

2 0.

.002563 .0409 ) mass="1. 01“" diaginert
ited="true"
gba="0.12 8.15
7 0 0.707107 @"

<inertial pos="€ 0 -@ 97 gquat="0.706886 0.8
<joint joint R 3 10" Li
ngom " e="0" conaffini 0" group="1"

14 8.15 8.2
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3.5HEE onnx
ElogEZk T Bl onxx X 43K
Eplay.pyHIR EjitR BY R 21 .

xported', 'polici

HHEX S RIZ TEERE: helpers.py
BB RN B R

FHENX AR
H

RIGIR

1 def export_policy_as_onnx(actor_critic):

2 model = copy.deepcopy(actor_critic.actor).to('cpu')

3 actor_input = torch.randn(l, 45)

4

5 body_onnx_path = '/home/jjp/issac/legged_gym/onnx/' + 'legged.onnx'
6 paths = [body_onnx_path]

7 for path 7n paths:

8 7f os.path.exists(path):

9 os.remove (path)

=
(O]

(fF"EMIBR: {path}™)



11 else:

12 print (f"XHAREE: {path}™)
13 print("path:",body_onnx_path)
14 torch.onnx.export(model, actor_input, body_onnx_path, opset_version=11)

A, playSANKEL,__init__.pyH[EIE

—

from legged:gym.utils import get args, export policy as jit, task registry, Logger,export policy as onnx

rom .helpers import class

v imnart tack

to dict, get load path, get args, export policy as jit, export policy as
IEER T HREL:
)RT POLICY:

export policy as onnx(ppo runner.alg.actor critic)

4.3 mujocolfiEpython3Z ¥
fElegged_gymX 43 R EESsim2sim.py XX 4

IR

1 import math

2 import numpy as np

3 import mujoco, mujoco_viewer

4 from tgqdm 7mport tqdm

5 from collections 7import deque

6 import onnxruntime as ort

7 from legged_gym.envs import *

8 import torch

9
10 import rospy
11 from sensor_msgs.msg import Joy
12 import os
13
14 import time
15
16 default_dof_pos=[0.1,0.8,-1.5 ,-0.1,0.8,-1.5, 0.1,1,-1.5, -0.1,1,-1.5]
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18
19
20
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22
23
24
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26
27
28
29
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31
32
33
34
35
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37
38
39
40
41
42
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44
45
46
47
48
49
50
51
52
53
54
55

56
57
58
59
60
61
62

joy_cmd = [0.0, 0.0, 0.0]

def joy_callback(joy_msg):
global joy_cmd

joy_cmd[0] joy_msg.axes[1]

joy_cmd[1] joy_msg.axes[0]
joy_cmd[2] = joy_msg.axes[3] # fE[m1E(E

def quat_rotate_inverse(q, Vv):
# RN Inumpy #ZH
q_w = q[-1]
q_vec = q[:3]
a=vVv * (2.0 x g_wxx2 - 1.0)
b
C

np.cross(g_vec, v) * q_w x 2.0

g_vec * np.dot(gq_vec, v) * 2.0
return a - b + c

def get_obs(data):
'""Extracts an observation from the mujoco data structure
g = data.gpos.astype(np.double)
dq = data.qvel.astype(np.double)
quat = data.sensor('orientation').data[[1, 2, 3, 0]].astype(np.double)
omega = data.sensor('angular-velocity').data.astype(np.double)
vel = data.sensor('linear-velocity').data.astype(np.double)
return (q, dq, quat,omega,vel)

def pd_control(target_q, q, kp, target_dq, dq, kd):
''"'Calculates torques from position commands

return (target_q - q) * kp + (target_dgq - dq) * kd

class Sim2simCfg(AlRoughCfg) :

class sim_config:
# print("{LEGGED_GYM_ROOT_DIR}",{LEGGED_GYM_ROOT_DIR})

mujoco_model_path =

'/home/arx/isaac/legged_gym/resources/robots/al/xml/scene.xml'
sim_duration = 60.0
dt = 0.005 #1Khz/E/E

decimation = 4 # 50Hz

class robot_config:



63
64
65
66
67
68
69
70
71
72
73
74
75
76

T
78
79
80
81
82
83
84
85
86
87
88
89
90
Ol
92
93
94

95
96
97
98
99
100
101
102
103
104
105
106

kps = np.array (20, dtype=np.double) #PDfl]7isaccIE—E
kds = np.array(0.5, dtype=np.double)
tau_limit = 20. * np.ones(12, dtype=np.double) #1m

if __name__ == '__main__":
rospy.init_node('play")
rospy.Subscriber('/joy', Joy, joy_callback, queue_size=10)

policy_model_path = "/home/arx/isaac/legged_gym/onnx/leggedl.onnx"

policy = ort.InferenceSession(policy_model_path,
providers=['CPUExecutionProvider'])

model =
mujoco.MjModel. from_xml_path(Sim2simCfg.sim_config.mujoco_model_path) #Zi\ 7744 1L
17 B XMLATE

model.opt.timestep = Sim2simCfg.sim_config.dt

data = mujoco.MjData(model)

mujoco.mj_step(model, data)

model.opt.gravity = (0, 0, -9.81)

viewer = mujoco_viewer.MujocoViewer (model, data)

target_q = np.zeros((12), dtype=np.double)

action = np.zeros((12), dtype=np.double)

action_flt = np.zeros((12), dtype=np.double)
last_actions = np.zeros((12), dtype=np.double)
lag_buffer = [np.zeros_like(action) for i in range(2+1)]

hist_obs = deque()
for _ in range(15):

hist_obs.append(np.zeros([1,45], dtype=np.double))
count_lowlevel = 0

for _ in tqdm(range(int(Sim2simCfg.sim_config.sim_durationx10/
Sim2simCfg.sim_config.dt)), desc="Simulating..."):

# Obtain an observation
q, dq, quat,omega,vel= get_obs(data) #MmujocofFEXIFEEHE

q = q[-12:]
dqg = dq[-12:]
if 1:
# 1000hz ->50hz
7f count_lowlevel % Sim2simCfg.sim_config.decimation == 0:

obs = np.zeros([1, 45], dtype=np.float32) #1,45
gravity_vec = np.array([0., 0., -1.], dtype=np.float32)
proj_gravity = quat_rotate_inverse(quat,gravity_vec)



107 obs[0, 0] = omegal[0]
*Sim2simCfg.normalization.obs_scales.ang_vel

108 obs[0, 1] = omega[l]
*Sim2simCfg.normalization.obs_scales.ang_vel
109 obs[0, 2] = omegal[2]
*Sim2simCfg.normalization.obs_scales.ang_vel
110 obs[0, 3] = proj_gravity[0]
111 obs[0, 4] = proj_gravity[1]
112 obs[0, 5] = proj_gravity[2]
113 obs[0, 6] = (joy_cmd[0])*
Sim2simCfg.normalization.obs_scales.lin_vel
114 obs[0, 7] = (joy_cmd[1])*
Sim2simCfg.normalization.obs_scales.lin_vel
115 obs[0, 8] = (joy_cmd[2])*
Sim2simCfg.normalization.obs_scales.ang_vel
116 obs[0, 9:21] = (g-default_dof_pos) *
Sim2simCfg.normalization.obs_scales.dof_pos
117 obs[0, 21:33] = dq *
Sim2simCfg.normalization.obs_scales.dof_vel
118 obs[0, 33:45] = last_actions
119 obs = np.clip(obs, -

Sim2simCfg.normalization.clip_observations,
Sim2simCfg.normalization.clip_observations)

120

121 n_proprio=45

122 history_len=15

123 num_z_encoder = 32

124

125 policy_input = np.zeros([1l, n_proprio], dtype=np.float32)

126

127 for i in range(n_proprio):

128 policy_input[0, i] = obs[0][1i]

129

130 policy_output_name = policy.get_outputs()[0].name

131 policy_input_name = policy.get_inputs()[0].name

132

133 action[:] = policy.run([policy_output_name],
{policy_input_name: policy_input})[0]

134

135 action = np.clip(action, -10,10)

136

137 last_actions=action

138

139 action_flt = action *0.25

140

141 joint_pos_target = action_flt + default_dof_pos

142 target_g=joint_pos_target
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161
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168
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170

target_dq = np.zeros((12), dtype=np.double)
# Generate PD control
tau = pd_control(target_q, g, Sim2simCfg.robot_config.kps,
target_dq, dq, Sim2simCfg.robot_config.kds)
Calc torques
tau = np.clip(tau, -Sim2simCfg.robot_config.tau_limit,
Sim2simCfg.robot_config.tau_limit) # Clamp torques
# torques = np.clip(tau, -torque_limits, torque_limits)
data.ctrl = tau
time.sleep(0.003)
mujoco.mj_step(model, data)

else:

target_q = default_dof_pos

target_dq = np.zeros((12), dtype=np.double)

# Generate PD control

tau = pd_control(target_q, q, Sim2simCfg.robot_config.kps,

target_dq, dq, Sim2simCfg.robot_config.kds) #

Calc torques

tau = np.clip(tau, -Sim2simCfg.robot_config.tau_limit,
Sim2simCfg.robot_config.tau_limit) # Clamp torques

data.ctrl = tau

mujoco.mj_step(model, data)

viewer.render ()

count_lowlevel += 1

viewer.close()

EREAIN:

#



mujaca-python-viewer
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1.1 MENmR. kpkd LA 5ERIBEN 1o
B, BEilfEdomain_randigmmEitTE:

class domain rand:
randomize friction =
friction range = [0.5,
randomize base mass =
added mass range =
push robots =
push interval s 15
max push vel xy 1.

randomize Kp factor =
Kp factor range = [0.8, 1.2]

randomize Kd factor =
Kd_factor range = [[0.8, 1.2[]]

randomize motor offset =
motor offset range = [-0.05

randomize motor strength =
motor strength range = [8.8, 1.2]




AR

1 randomize_Kp_factor = True

2  Kp_factor_range = [0.8, 1.2]

3

4 randomize_Kd_factor = True

5 Kd_factor_range = [0.8, 1.2]

6

7  randomize_motor_offset = True

8 motor_offset_range = [-0.05, 0.05]
9

10 randomize_motor_strength = True
11 motor_strength_range = [0.8, 1.2]

HIR7Elegged_robot.pyFINMENECE, BTHRIMITNEFIKE:

T T L
init el SL

f):
wHEInitialize torch tensors which will contai

(GRS

1 self.Kp_factors =
torch.ones(self.num_envs,self.num_dof,dtype=torch.float,device=self.device,requ
ires_grad=False)

2 self.Kd_factors = torch.ones(self.num_envs,self.num_dof,dtype=torch.float,
device=self.device, requires_grad=False)

3 self.motor_strengths = torch.ones(self.num_envs, self.num_dof,
dtype=torch.float, device=self.device,requires_grad=False)

4  self.motor_offsets = torch.zeros(self.num_envs,self.num_dof,dtype=torch.float,

device=self.device, requires_grad=False)

SRS IMNBEN L TE X K1 %5_randomize_dof_props



rength:
in rand.mote rength ra

requires
trength -

min Kp fa

f.Kp_factors[env_ids,
= torch.rand(len

(max_Kp factor - min Kp factor) + min Kp factor
f.cfg.domain_rand.randomize Kd
d factor, factor 1 fg.domain_rand.Kd_factor_ range
f.Kd factors v_ids,
:] = torch.rand(len(env

(max_Kd factor - min Kd factor) + min Kd factor
f.cfg.domain

min offset, max of

AR

=

'.motor_DTfSEts

x_offset - min_offset) + min_offset

def _randomize_dof_props(self, env_ids, cfg):
7f self.cfg.domain_rand.randomize_motor_strength:

min_strength, max_strength =

self.cfg.domain_rand.motor_strength_range

self.motor_strengths[env_ids, :] = torch.rand( (env_ids),

dtype=torch. , device=self.device,

requires_grad=False) .unsqueeze(1l) * (

max_strength - min_strength)

+ min_strength

10
11
12
13
14

15
16
17
18
19
20

7f self.cfg.domain_rand.randomize_Kp_factor:
min_Kp_factor, max_Kp_factor = self.cfg.domain_rand.Kp_factor_range
self.Kp_factors[env_ids,
:] = torch.rand( (env_1ids),
dtype=torch. s
device=self.device,
requires_grad=False) .unsqueeze(1)
(max_Kp_factor - min_Kp_factor) + min_Kp_factor
7f self.cfg.domain_rand.randomize_Kd_factor:
min_Kd_factor, max_Kd_factor = self.cfg.domain_rand.Kd_factor_range
self.Kd_factors[env_ids,
:] = torch.rand( (env_1ids),
dtype=torch. s
device=self.device,



21 requires_grad=False) .unsqueeze(1)

* (max_Kd_factor - min_Kd_factor) + min_Kd_factor

22 7f self.cfg.domain_rand.randomize_motor_offset:

23 min_offset, max_offset = self.cfg.domain_rand.motor_offset_range
24 self.motor_offsets[env_ids,

25 :] = torch.rand(len(env_1ids),

26 self.num_dof,

27 dtype=torch. float,

28 device=self.device,

29 requires_grad=False) *

(max_offset - min_offset) + min_offset
SRIGIEE_compute_torquesiRE KT+ E 75zt
IANFIFERENLIL :

AR

1 torques = torquesx* self.motor_strengths

(variable) dof wvel: Any

elif control type=="V":
torques = s .p_gains*(actions scaled - self.dof vel) - self.d gains*(self.do
elif control type=="T":
torques = actions scaled

raise NameError(f"Unknown controller type:
torques = torques* self.motor strengths

return torch.clip({torques, -self.torque limits, self.torque limits)

SATEC E PIE I RIAT:

if control

| Iturques = self.p_gains*self.Kp_factors*(actions_scaled + self.default dof_pos - self.dof_pos+ self.motor offsets) - self.d _gains*self.dof vel*self.Ko _zzc

AR

1 torques = self.p_gains*self.Kp_factors*(actions_scaled + self.default_dof_pos
- self.dof_pos+ self.motor_offsets) - self.d_gainsxself.dof_velxself.Kd_factors

SAIE% _randomize_dof_propsER NN IZR AR EH

reset_idxiX



| t env_ids):

""" Reset some environments.
Calls self. reset dofs(env_ids), self. reset root_ states(env_ids),
[Optional] calls self. update_terrain_curriculum(env_ids), self.up
Logs episode info
Resets some buffers

Args:

env ids (list[int]): List of environment ids which must be reset
mmumn
if len(env

returr

reset dofs(en
reset root st

v AU

ates(env ids)

recamnle commandsieny ids)

randomize dof props|(env idaﬂ

e L1ba d ore co ing rminations, rvations
0 ng vel command ba heading, compute measured terrain heights and randomly

env_ ids = (self enicode lenath huf = int(self.cfg.c ng time / self.dt ) .nonzero(as_tuple=False).flatten()
self. randomize dof prop

FragilZk:

(ACTEES

1 python train.py --task=al

fEFtensorboard & &I 4rah4% :

AR

1 tensorboard —--logdir=/home/arx/isaac/legged_gym/logs/
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class domain rand:
randomize friction
friction range = [0O.
restitution range = [0.0

randomize base mass =

added mass range
randomize base com
added com range = [-0.85,

[-1.,

(AN RS

1 randomize_friction = True

2 friction_range = [0.05, 2.25]
3 restitution_range = [0.0, 0.5]
4

randomize_base_mass = True



added_mass_range = [-1., 3.]
randomize_base_com = True
added_com_range = [-0.05, 0.05]

7£_process_rigid_shape_propsiF#i+

id):
ze the rigid shape properties of each environment.
g environment cr c
r: randomizes the friction of each environment

hapeProperties]): Properties of each shape of the asset
(int): Environment id

st[gymapi.RigidShapeProperties]]: Modified rigid s e properties

.cfg.domain_rand.randomize friction:

friction_range = self domain_rand.friction_range
restitution range .cfg.domain rand.restitution range

bucket ids
friction_buckets = i
restitution bucket ( tit [ r on ra ] ), device="cpu')

f.friction coeffs riction buckets[bucket ids]
restitutions = r itution_buck [bucket_ids]

.friction coeffs[env id]
Lf.friction coeffs[env id]

FAGIR

1 7f self.cfg.domain_rand.randomize_friction:

2 7f env_id==0:

3

4 friction_range = self.cfg.domain_rand.friction_range

5 restitution_range = self.cfg.domain_rand.restitution_range

6

7 num_buckets = 64

8 bucket_ids = torch.randint(0®, num_buckets, (self.num_envs, 1))
9 friction_buckets = torch_rand_float(friction_rangel[0],

friction_range[1], (num_buckets,1), device='cpu')

10 restitution_buckets = torch_rand_float(restitution_range[0],
restitution_range[1], (num_buckets,1l), device='cpu')

11

12 self.friction_coeffs = friction_buckets[bucket_-ids]

13 self.restitutions = restitution_buckets[bucket_-ids]

14

15 for s 1in ( (props)):



16 props[s].friction self.friction_coeffs[env_id]

17 props[s].friction
18

self.friction_coeffs[env_1id]

_process_rigid_body_props 7 ii1tes

(self, props,

f self.cfg.domain rand.randomize base mass:

rng[1])

self.cfg.domain rand.randomize base com:

rng com = self.cfg.domain rand.added com range

rand com = np.random.uniform(rng c 8], rng com[1], size
props[8].com += gymapi.Vec3|(*rand com]

return props

AR

1 7f self.cfg.domain_rand.randomize_base_com:

2 rng_com = self.cfg.domain_rand.added_com_range

3 rand_com = np.random.uniform(rng_com[0], rng_com[1], size=(3, ))
4 props[0].com += gymapi.Vec3(*rand_com)



Run Smoothed Value Step Time Relative
i) rough_a1/Sep29_13-46-06_ 997.7 997.5 347 9/29/25 1:49 PM 3.618 mi
@ rough_al/Sep29_14-51-20_ 1001 1002 347 9 5, 2:57 PM 5.737 mi

@ rough_al/Sep29_15-49-42_ 982.5 976.9 347

0 200 400 &00 a0a 1,000 1,200 1,400

BRFEIE T
3.18INE 5 B EREH A BOFENL

class domain rand:

randomize leg com |
added leg com range = [-0.015, 0.015]

REBR

1 randomize_leg_mass = True

2 factor_leg_mass_range = [0.85,1.15]

3

4 randomize_leg_com = True

5 added_leg_com_range = [-0.015, 0.015]
6

_process_rigid_body_props ;7

(GRS

7f self.cfg.domain_rand.randomize_leg_mass:
factor_leg_mass = self.cfg.domain_rand.factor_leg_mass_range
for i in range(len(props)):



O© 00 N O U

10
11
12

mess = np.random.uniform(factor_leg_mass[0],
factor_leg_mass[1])

props[i].mass *= mess

if self.cfg.domain_rand.randomize_leg_com:
rng_leg_com = self.cfg.domain_rand.added_leg_com_range
rand_leg_com = np.random.uniform(rng_leg_com[0], rng_leg_com[1],
size=(3, ))
for i in range(len(props)):

props[i].com += gymapi.Vec3(*rand_leg_com)

f self.cfg.domain_rand.randomize base mass:
rng = f.cfg.domain rand.added mass range
props[8].mass += np.random.uniform{rng[@©], rng[1])

elf.cfg.domain_rand.randomize base com:

rng_com = se cfg. domain_rand nddpd com |dnge
rand _com = np.random.uniform( 6 C
props[@].com += gymapi.Vec3(*rani

self.cfg.domain_rand.randomize leg mass
factor leg mass = Lf.cfg.domain rand.factor leg mass range
in range(le ps) ) :
leg mass[@], factor leg mass[1])

rng leg com = self.cfg.domain rand.a leg com range
rand 1Fq com = np. |dndom nanurmn|n| 1~q
for i in range(len(props)):

props[i].com += gymapi.Vec3(*rand leg com)

return props

B ASCER AR %

BT FHIR
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rewards( LeggedRobotCfg.rewards ):
soft dof pos limit = 0.9
_height target

dof acc = -2.5
base height = -
feet air time

2. NN\ B5E T

action rate =
stand still

3R T BRI TIHE

ite torques(self, actions):
""" Compute to from actions.
Actions can be interpreted as position or velocity targets given to
[NOTE]: torques must have the same dimension as the number of DOFs,

Args:
actions (torch.Tensor): Actions

Returns:
[torch.Tensor]: Torques sent to the simulation

actions scaled = actions * self.cfg.control.action s
control type = self.cfg.control.control type
actions scaled[:,[0,3,6,9]]*%=0.5

sim2sim W EIEENLL :

action flt
action[@]
action[3]
action[6]

action[9] *= 0.5
joint pos target = action flt + default dof pos
target g=joint pos_target

&IERR !



LHRE. IXRBPAKRESEIsim2sim, HAZRETUEMEERBRIFIINR, TLAEHFE
BRMITEARFS], TARFRFIA.






