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Introduction 

Dense depth prediction 

• Deep neural networks (DNN) for dense depth prediction are used to 
predict depth values for each pixel of an input image for both 
monocular and binocular data. 

• Application areas include scene understanding, autonomous driving, 
robotics, augmented / virtual reality, etc. 

• Usually, applications in these areas rely on low-end devices and have 
strong limitations on hardware capabilities and energy consumption. 

• Depth prediction models usually have high computational complexity, 
restricting their use on low-end devices. 

Problem statement 

• For inference on low-end devices DNN should be quantized (e.g. to eight-bit weights and activations) using post-training-
quantization (PTQ) or quantization-aware-training (QAT). 

• Quantization leads to depth prediction model performance degradation that is specific for depth modality. 

• We seek to overcome this problem by representing depth in a form beneficial for quantization 
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Method 
Low-end devices limitation 

• Model output is represented in low precision, typically eight bit or less. 

• Eight-bit precision is sufficient for RGB images. 

• Depth is high dynamic range signal that needs ~10-11 bits for accurate 
representation. For example, representing depth in the range 0…10 m  
with 1 cm accuracy requires ten bits 

• Training the full-precision model to directly predict the Hilbert 
curve components of depth representation. 

• Applying standard quantization methods (either PTQ or QAT). 

• Running inference of the modified quantized model on-device 
and obtaining Hilbert curve components in low-bit precision. 

• Applying post-processing to Hilbert curve components and 
reconstruct depth in higher-bit precision. 

Proposed method 

Main idea 

3 



Depth representation as points on 2D Hilbert curve 

Hilbert curve structure 

• Depth prediction DNN is modified to predict x and y components 
of the Hilbert curve. 

• Modified loss is applied to learn the modified representation.  
It includes original depth loss and loss terms applied to Hilbert 
curve components. 

Training process 
(c) (a) (b) (d) (e) (f) 
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Experimental results 
Dataset and models 

• Training/validation/test datasets: rendered from ScanNet v2 
meshes using PyRender. 

• Models: 

• DispNet – U-Net-like architecture; 

• DPT – transformer-based model with MobileViTv3-S encoder. 

Analysis of W8A8 Models 

Evaluation metrics 

Results 
• The modified DispNet model in W8A8 format shows better quality than 

the original model in W8A16 format. 

• Compared to the original model in W8A16 format, the modified DPT 
model in W8A8 format shows significantly better Abs Rel metric and only 
slightly worse Sc. 

• For W8A8 model, overhead due to post-processing and Hilbert 
components prediction is about 14%. 

• Compared to original models in W8A16 format, modified models in W8A8 
format reduce energy consumption by 35% and latency by 30-54%. 

• Quantization error reduced by up to 4.6 times. 

(a) GT depth (b) DPT depth (c) h3DPT depth 

(d) Image (e) |GT - DPT| (f) |GT - h3DPT| 

Quantization errors of DPT and h3DPT, W8A8, DSP. 

(d) W8A8 model on DSP delegate 

(a) W8A8 model on CPU delegate 

2D histogram of h3DispNet W8A8 model 
output for CPU and DSP delegates. 
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Results 

(a) GT depth (b) DPT depth (c) h3DPT depth (third order Hilbert cure) 

(d) Image (e) |GT - DPT| (f) |GT - h3DPT| 
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THANK YOU 


