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Introduction

(a) 3D scene layout 
(b) Inference pricess by SceneScript 

(21 iterations)

(c) Inference pricess by our Fast SceneScript 

(3 iterations)

▪ In the unified language-based perception approaches, next-token prediction (NTP)

causes high latency particularly when the sequence length increases.

▪ Unlike natural language, the structured language designed for 3D perception is more

deterministic and weakly coupled.



Method - make the unified model fast and accurate

▪ Employ multi-token prediction (MTP) to accelerate the inference

▪ 5x speedup compared to SceneScript

▪ Investigate the decoding strategies with token filtering mechanisms to achieve

accurate and reliable inference

▪ 12% improvement in F1-Score compared to vanilla MTP

▪ Design a parameter-efficient mechanism to reduce the number of parameters

▪ 43% few parameters compared to vanilla MTP



Multi-token prediction (MTP) 

Framework of Fast SceneScript 



Token Filtering Strategies

Self-Speculative Decoding (SSD)

▪ Self-Speculative Decoding (SSD):

Confidence-Guided Decoding (CGD)

▪ Confidence-Guided Decoding (CGD):

Step 1: Draft n future tokens {𝑡𝑘+1, 𝑡𝑘+2, ⋯ , 𝑡𝑘+𝑛} by the n token heads.

Step 2: Generate { ǁ𝑡𝑘+1, ǁ𝑡𝑘+2, ⋯ , ǁ𝑡𝑘+𝑛} with the first token head.

Step3: Assess the alignment between {𝑡𝑘+2, ⋯ , 𝑡𝑘+𝑛} and ǁ𝑡𝑘+2, ⋯ , ǁ𝑡𝑘+𝑛 .

Step 4: Only accept tokens before the first unreliable token.

Step 1: Draft n future tokens {𝑡𝑘+1, 𝑡𝑘+2, ⋯ , 𝑡𝑘+𝑛} and predict their 

confidences by the n token heads.

Step 2: Assess the reliability by checking their confidences.

Step 3: Only accept tokens before the first unreliable token.



Parameter-Efficient Mechanism

Token / Confidence Head

▪ Shared token head and confidence head to reduce the number of parameters.

▪ Shared projection block to generate distinct hidden states for each token.

Projection Block



Experiments

▪ Datasets:

Synthetic: ASE, Structured3D 

Real-world: SceneCAD

▪ Metrics:

Accuracy: 

F1-Score: computed at every 5cm interval from 0m to 1m.

Efficiency: 

Param: the number of learnable parameters in the language decoder.

Latency: the average decoding time for predicting layout for one scene.

𝛼: the average number of accepted tokens per decoder inference.



Experiments

▪ Comparisons for layout estimation on ASE dataset



Experiments

▪ Comparisons for object detection on ASE dataset



Experiments

▪ Comparisons for layout estimation for SceneCAD



Experiments

▪ Visualizations for layout estimation on ASE dataset



Experiments

▪ Visualizations for layout estimation on Structured3D dataset



Thanks for watching
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