
Fig. 2. HiWET architecture and two-stage training procedure. Stage 1: Tracker (blue): The tracking policy learns base-relative end-effector commands
sampled from uniform and importance-sampled distributions �ltered by IK error and manipulability. A pretrained KMP provides upper-body references re�ned
by residual actions; the History Encoder extracts temporal context, and the State Estimator reconstructs privileged information via an auxiliary estimation loss.
Stage 2: Commander (orange): The command policy maps world-frame EEF targets and base pose into base-frame subgoals.

with the PD controller. The humanoid is decomposed into
an upper-body subsystem (arms and waist) and a lower-body
subsystem (legs). This policy serves as a standalone whole-
body tracker with a general-purpose command interface,
capable of following arbitrary base velocity and end-effector
subgoals independently of the high-level task planner.

A. State and Action Representation

1) State Space: The whole-body tracking policy is con-
ditioned on both the humanoid proprioceptive statest and
the structured commandut received from the world-frame
command policy. The observation at time t is de�ned as

st =
�
! t; gt; qt; _qt; aL

t�1

�
; (2)

where ! t 2 R3 is the base angular velocity,gt 2 R3 is the
gravity projection in the base frame,qt and _qt denote joint
positions and velocities, and aL

t�1 is the previous action.
The commandut transmits high-level spatial objectives to

the low-level policy:
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wherev des
b = (v x; vy; ! z) is the desired base velocity,hdes is

the target body height,bT des
f�g denote the desired end-effector

poses, and� t is the waist regularization weight (uniformly
sampled from[0:1; 10]during training). We use the superscript
f�g des to distinguish these local subgoals from global world-
frame targets.

2) Hybrid Action Space: Given the proprioceptive observa-
tion st and the commandut, the policy outputs joint position
targets for all actuated joints:

aL
t = q des
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t j st; ut); (4)

whereqdes
t;up denotes the desired joint positions of the upper

body and qdes
t;low denotes those of the lower body.

Instead of learning a monolithic policy, we adopt a hybrid
action space that leverages kinematic structure. For the upper
body, the policy predicts a residual correction�q t;up which is
added to the KMP referencêqt;up to form the �nal command:

qdes
t;up = q̂t;up + �q t;up: (5)

This residual formulation enables the controller to make
subtle dynamic adjustments for end-effector stability and
accuracy while remaining within the valid kinematic manifold.
Conversely, the lower body is controlled via absolute joint
targetsqdes

t;low to maintain direct authority over gait generation
and base propulsion.

B. Network Architecture Overview

The whole-body tracking policy uses a modular network
architecture with three components for partial observability
and kinematic consistency (Stage 1 in Fig. 2).

To ensure accurate end-effector tracking during motion and
to provide a strong reference for learning, we introduce the
Kinematic Manifold Prior (KMP) for the upper body. The KMP
predicts a kinematically consistent joint con�guration given
desired end-effector poses and a waist motion preference. The
input to the KMP is de�ned as

zt =
� bT des

L ; bT des
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�
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where bT des
f�g are the commanded end-effector poses, and

� t 2 [0:1; 10] is a scalar waist regularization weight (the �xed
weight for other upper-body joints is0:2). This parameter serves
as a hierarchical interface that modulates torso engagement.
Since humanoid stability is highly sensitive to the Center of
Mass (CoM) position, explicitly allowing the global planner






