
Mitigating Overgeneralization 

in RND via Spectral Target Design

Background: random network distillation

Given an input domain 𝒳, and data points 𝒟 = 𝑥𝑖 i=1,…,𝑛 ⊂ 𝒳,

Random network distillation (RND) consists of 

• a fixed target network 𝑓𝑡 ∶ 𝒳 → ℝ𝑚 and

• a trainable predictor network 𝑓𝑝: 𝒳 → ℝ𝑚 parameterized by 𝜃.

This simple modification effectively mitigates overgeneralization by

enabling the model to distinguish off-manifold regions.

Proposed method: RFF-RND

Replace the fixed MLP target with random Fourier features (RFF).

Motivation: overgeneralization
The predictor can easily predict the target in an unfamiliar situation
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It can be used for novelty estimation, out-of-distribution (OOD) 

detection, and exploration or anti-exploration in online and offline RL.

Why does RND overgeneralize?

RND novelty is jointly determined by the target and predictor kernels.

MAIN RESULT: Under infinite-width target, slow-training predictor,

𝔼[ℰ 𝑥; 𝜃 ] = 𝑘𝑡 𝑥, 𝑥 − 2𝐴𝑥
⊤𝑘𝑡 𝒟, 𝑥 + 𝐴𝑥

⊤𝐾𝑡𝐴𝑥

Target kernel

What variation does the 

random target emphasize?

𝑘𝑡 , 𝐾𝑡
target NNGP kernel and Gram matrix

Predictor kernel

How does the predictor 

generalize from data?

𝐴𝑥 = Θ𝑝 𝒟 ,𝒟 + 𝜆𝐼
−1
Θ𝑝 𝒟, 𝑥

NTK-induced prediction weights

Synthetic validation

The learned RFF-RND can be leveraged in two complementary ways:

• Online RL — Encouraging Exploration

Rewarding novel behavior to promote exploration.

𝑟online 𝑥 = 𝑟task 𝑥 + 𝛽ℰ 𝑥 , 𝑥 = (𝑠, 𝑎).

• Offline RL — Discouraging OOD Behaviors

Penalizing unfamiliar behaviors to prevent OOD actions (anti-exploration)

𝑟offline 𝑥 = 𝑟task 𝑥 − 𝛽ℰ 𝑥 , 𝑥 = (𝑠, 𝑎).

The same novelty detector ℰ promotes exploration in online RL while

discouraging OOD behavior in offline RL.

Application to downstream RL

Effect of length scale 𝛼

Why does RFF-RND work?

The RFF target allows us to directly control its sensitivity to novelty 

through the length scale parameter 𝛼.
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  𝒟 =    {  x i }  i = 1 , … , n ⊂ 𝒳


   f t   : 𝒳 →  ℝ m


   f p : 𝒳 →  ℝ m
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  𝔼 [ ℰ  ( x ; 𝜃 ) ] =  k t  ( x , x ) − 2  A x ⊤  k t  ( 𝒟 , x ) +  A x ⊤  K t  A x


   k t ,  K t


   A x =    (  Θ p  ( 𝒟 ) , 𝒟 + 𝜆 I )  − 1  Θ p  ( 𝒟 , x )


   r online  ( x ) =  r task  ( x ) + 𝛽 ℰ  ( x ) ,     x = ( s , a ) .


   r offline  ( x ) =  r task  ( x ) − 𝛽 ℰ  ( x ) ,     x = ( s , a ) .
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