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A. Reward Function for Expert Policies 
The reward function is computed as 𝑟 = 𝑟!"#$ ∗ exp(𝑐%&' ∗ 𝑟%&') [1]. The definition of the task 
reward 𝑟!"#$ and regularization rewards 𝑟%&'()&&* and 𝑟%&'

+,"- are defined below in Table A.I. 

 

 

TABLE A.I: REWARD FUNCTION 
Reward Expression Explanation 
𝒓𝒕𝒂𝒔𝒌 𝑟%&',('&*+/-./0) =

𝑐2,('&*+/-./0)

1 + '
𝑑3&.4

𝑐5,('&*+/-./0)
'
5 ⋅ 𝟙(𝑡 > 𝑇 − 𝑇/) Encourages the robot to move to the goal position [2]. 𝑇/ denotes the duration of 

timesteps for which 𝑟%&' is activated. 𝑟%&','&*+ is a dense reward used to encourage 
exploration using a larger c5, 𝑐5,'&*+, while 𝑟%&',-./0 is a sparse reward for accurate 
position tracking using a smaller 𝑐5, 𝑐5,-./0. 

𝑟*60 = 𝑐*60 ⋅ exp	 7−
‖𝑣/7* − 𝑣8‖5

𝜎974
; ⋅ 𝟙(𝛿3&.4 < 𝜎0:/7;+) 

Encourages the robot to move forward at the reference speed 𝑣/7* .	𝛿3&.4  is the 
heading error relative to the goal, and 𝜎0:/7;+  is an angle threshold for the robot 
heading in the correct direction. 

𝒓𝒓𝒆𝒈𝒘𝒉𝒆𝒆𝒍 𝑟/736-774 = 𝑐.̇‖𝑎̇‖5 𝑟;&44:07 = 𝑐;&44:07 ⋅ 𝟙;&44:07 𝑎̇  denotes the action rate. 𝟙;&44:07  indicates whether a collision has happened 
between the robot and obstacles. 

𝑟'+&% =
𝑐2,'+&%

1 + ' 𝑎
𝑐5,'+&%

'
5 ⋅ 𝟙(𝛿3&.4 < 𝜎0:/7;+) Ensures the robot stops at its goal position. 𝜎-./0 is a distance threshold used to 

determine when the robot has reached its goal position. 

𝒓𝒓𝒆𝒈
𝒒𝒖𝒂𝒅 𝑟'+&% =

𝑐2,'+&%

1 + '𝑞 − 𝑞F&G𝑐5,'+&%
'
5 ⋅ 𝟙(𝑑3&.4 < 𝜎-./0) Ensures the robot stops at its goal position. 𝑞F&G are the nominal joint positions, 

defined as the initial joint angles of the robot when it stands in its default posture. 

𝑟;&44:07 = 𝑐;&44:07 ⋅ 𝟙;&44:07 𝑟Ḧ = 𝑐Ḧ‖𝑞̈‖5 𝑞̈ is the joint acceleration. 

𝑟9! = 𝑐9!𝑣J
5 𝑟K = 𝑐KB𝜔8L5 D 𝑣J is the vertical velocity of the robot base, and ω8L is the angular velocity of the 

base around 𝑥 and 𝑦 axes. 
𝑟M = 𝑐M‖𝜏‖5 𝑟.̇ = 𝑐.̇||𝑎+ − 𝑎+N2||5 𝜏 is the joint torque. 
𝑟079 = 𝑐079 ⋅ ‖𝑞 − 𝑞F&G‖5 𝑟.̈ = 𝑐.̈||𝑎+ − 2𝑎+N2 + 𝑎+N5||5 Penalizes joint deviation from the nominal joint positions. 

𝑟'6:F3 = 𝑐'6:F3 ⋅K  
O

:P2

(1 − 𝑠:) ⋅ (1 − exp	(−𝑓:5/𝜎*&/;7)) 
Encourages the quadruped feet to track the leg swing phase [1]. 𝑓: is the contact 
force of the i-th foot of the quadruped. 𝑠: is the desired contact state of the foot. 

𝑟'+.F;7 = 𝑐'+.F;7 ⋅K  
O

:P2

𝑠: ⋅ (1 − exp	(−‖𝐯*&&+,:‖5/𝜎*&&+)) 
Encourages the quadruped feet to track the leg stance phase [1]. 𝐯*&&+,: is the velocity 
of the i-th foot. 

𝑟'4:07 = 𝑐'4:07 ⋅K  
O

:P2

‖𝐯*&&+,:
8L ‖ ⋅ 𝟙(𝑓: > 𝑓+-/7'-) 

Avoids feet sliding on the ground. 𝑓+-/7'- is a force threshold for determining feet 
contact. 

* 𝑐2,('&*+/-./0), 𝑐5,('&*+/-./0), 𝑐*60, 𝑐2,'+&%, 𝑐5,'+&%, 𝑐;&44:07, 𝑐.̇, 𝑐9!, 𝑐K, 𝑐M, 𝑐Ḧ, 𝑐079, 𝑐.̈, 𝑐'6:F3, 𝑐'+.F;7, 𝑐'4:07 and 𝑐/73 are all constants. 



B. Parameters and Value Ranges for Embodiment Randomization 

 

C. Parameters and Value Ranges for Domain Randomization 

 

D. Hyperparameters and Values 
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TABLE D.I: HYPERPARAMETERS AND VALUES 
Parameter Value Parameter Value Parameter Value 
𝑥';.F 2.5 m 𝑦';.F 2.5 m 𝑐;&44:07 -40 
𝑐2,'&*+ 10 𝑐5,'&*+ 5 𝑇/ 3 s 
𝑐2,-./0 15 𝑐5,-./0 0.5 𝑐079 -1 
𝑣/7* [0.5,1.0] m/s 𝑐K -0.05 𝑇 12 s 
𝜎0:/7;+ 1.75 rad 𝑐M -0.0002 𝑐9! -2 
𝜎-./0 0.5 m 𝑐.̇ -0.01 𝜎;4&'7 0.5 m 
𝑐2,'+&% 10 𝑐Ḧ -2.5e-7 𝜎*./ 3.0 m 
𝑐5,'+&% 0.2 𝑐.̈ -0.05 𝑐*60 2 
𝑐'6:F3 -5 𝑐'+.F;7 -5 𝑐'4:07 -5 

TABLE C.I: PARAMETERS AND VALUE RANGES FOR DOMAIN RANDOMIZATION 
Parameters Ranges Parameters Ranges 
Static friction [0.7, 1.1]  Push disturbance [-0.5, 0.5] m/s 
Dynamic friction [0.6, 1.0]  Push Interval [4, 8] s 
Added mass [0.0, 2.0] kg  Ray distance noise [-0.1, 0.1] m 
Linear velocity noise [-0.1,0.1] m/s  Angular velocity noise [-0.1, 0.1] rad/s 
Projected gravity noise [-0.05, 0.05] m/s2  Joint velocity noise [-1.0, 1.0] rad/s 
Joint position noise [-0.01, 0.01] rad  Motor Delay [0.02, 0.08] s 

 

TABLE B.I: PARAMETERS FOR EMBODIMENT RANDOMIZATION 
Type Parameters Range Parameters Range 

Small-Sized 
Quadrupeds 

Base length [0.24, 0.91] m Thigh mass [0.56, 1.69] kg 
Base width [0.16, 0.39] m Calf radius [0.02, 0.05] m 
Base height [0.06, 0.21] m Calf length [0.12, 0.39] m 
Base mass [4.8, 19.5] kg Calf mass [0.12, 0.39] kg 
Thigh radius [0.02, 0.05] m Motor P gain [0.7, 1.3] 
Thigh length [0.16, 0.46] m Motor D gain [0.7, 1.3] 

Large-Sized 
Quadrupeds 

Base length [0.56, 1.04] m Thigh mass [2, 5.2] kg 
Base width [0.28, 0.52] m Calf radius [0.02, 0.04] m 
Base height [0.14, 0.26] m Calf length [0.24, 0.36] m 
Base mass [24, 39] kg Calf mass [0.4, 0.6] kg 
Thigh radius [0.03, 0.05] m Motor P gain [0.5, 1.3] 
Thigh length [0.24, 0.39] m Motor D gain [0.5, 1.3] 

Wheeled 
Robots 

Base length [0.3, 0.8] m Base height [0.15, 0.3] m 
Base width [0.2, 0.65] m Base mass [5, 20] kg 

 


