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How do Embodied Intelligent Agents Correct Errors in Real Time?




I Which Errors?
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I Feedback in Real Time

fARIRIAT (Negative Feedback)
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I Frontier Research

O #RERH B %2 (Wotld Model)
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I Agent {ERIZAE —V - M - C =4AH

At each time step, our agent
receives an observation from
the environment,

World Model

— — - "

The Vision Model (V) encodes the
high-dimensional observation into V \ Vv
a low-dimensional latent vector.

h
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The Memory RNN (M) integrates h K' h r h
the historical codes to create a M M M
representation that can predict
h
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future states.

A small Controller (C) uses the v ¥
representations from both Cj
p

V and M to select good actions. z

The agent performs actions that a a a
go back and affect the environment.
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Figure 4. Our agent consists of three components that work closely
together: Vision (V), Memory (M), and Controller (C)



| Vision (V)

Original Observed Frame

Encoder

Decoder

Reconstructed Frame

Figure 5. Flow diagram of a Variational Autoencoder (VAE).

Here, we use a simple Variational Autoencoder (Kingma
& Welling, 2013; Rezende et al., 2014) as our V model to

compress each image frame into a small latent vector z.

VAE — & #1ft, — Causal Tokenizer
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Causal Tokenizer——400NM # 4 1+
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Danijar Hafner, Wilson Yan, Timothy P. Lillicrap: Training Agents
Inside of Scalable World Models. CoRR abs/2509.24527 (2025)

Dreamer V4 (Google DeepMind)
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Figure 7. SketchRNN (Ha & Eck, 2017) is an example of a MDN-
RNN used to predict the next pen strokes of a sketch drawing. We
Figure 6. RNN with a Mixture Density Network output layer. The use a similar model to predict the next latent vector 2.

MDN outputs the parameters of a mixture of Gaussian distribution
used to sample a prediction of the next latent vector z.

Transformer Dynamics:
MDN-RNN — RSSM — Transformer Dynamics
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I Controller (C)
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I Training

environment [« =
action
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>
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observation >

vorld model [MDN-RN N (M)

Figure 8. Flow diagram of our Agent model. The raw observation
is first processed by V at each time step ¢ to produce z;. The input
into C 1s this latent vector z; concatenated with M’s hidden state
h: at each time step. C will then output an action vector a; for
motor control, and will affect the environment. M will then take
the current z; and action a; as an input to update its own hidden
state to produce h;41 to be used at time ¢ + 1.
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Code-as-Monitor: Constraint-aware Visual Programming for

Reactive and Proactive Robotic Failure Detection

Enshen Zhou, Q1 Su, Cheng Chi, Zhizheng Zhang, He Wang et al.
Beihang University / Peking University / BAAIl / Galbot



I Code-as-Monitor

9 Task Instruction ( Laba ):

Move the pan with the bread
to the stove, and be careful
not to let the bread fall out.

Previous Subgoal (I;r.):

Grasp the pan handle.

Failure Feedback (fyre ):
No Failure Detected.

Multi-view RGB-D Observations (D )

Stepl

&

Constraint
Generator

Multi-view RGB Observations with all constraint elements (Og)

—

Next Subgoal (I,..)

Move the pan above the stove.

Textual Constraints (C)

During execution: Cyg

2. The bread must remain in the pan.

3. The pan should remain horizontal.

Upon completion: C,,

4. The pan is directly above the stove.

Step3

N G

— | Constraint
Monitor
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Monitor Code

def constraint_monitor(end effector, element position, is_finished):
» point_green, surface red, point blue = element position
if not is finished:
vl, v2 = surface_red[-1][1] - surface_red[-1][@], surface_red[-1][2] - surface_red[-1][@]
normal vector = np.cross(vi, v2)
normal_vector = normal_vector / np.linalg.norm(normal_ vector)

e
. angle = np.degrees(np.arccos(np.dot(normal_vector, np.array([@, 8, 1]))))
=0 if angle » tol_angle:
return False, f"The pan surface is not horizontal, as the angle between the pan
surface and the horizontal plane is {angle} degrees.”
return True, "No Failure Detected.”
} | | computing } | | computing } | | computing
ey Stepl: Constraint
Generation
Tracking Tracking Tracking
_____ - RS e
Step3: Code
Generation &
Monitor
Off-the-shelf VLM
(GPT-40)
: . . - Off-the-shelf Tracker
o/ OV Ov o/ OV OV ox OV OV
y l l l m (Co-Tracker)
Failure Feedback ( fore)
Detect failure! The surface is not horizontal, as the angle between the pan surface

and the horizontal plane is 25 degrees. Please use this feedback to re-plan.

Figure 2. Overview of Code-as-Monitor. Given task instructions and prior information, the Constraint Generator derives the next subgoal
and corresponding textual constraints based on multi-view observations. The Painter maps these constraints onto images as constraint
elements. The Monitor generates monitor code from these images and tracks them for real-time monitoring. If any constraint is violated, it
outputs the reason for failure and triggers re-planning. This framework unifies reactive and proactive failure detection via constraints, more

generally abstracts relevant entities/parts through constraint elements, and ensures precise and real-time monitoring via code evaluation.



I Code-as-Monitor
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@ Constraint Painter (ZJ3RTCERE)
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Observation

Latent Variable
HEEE (WEAN, 4%)

Action
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