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Digital Terrain Model (DTM)
Often used in geographical information systems (GISs) to model the Earth’s surface elevation and shape 
of the landscape, to support various engineering, land-use planning, and environmental applications.
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● Topographical analysis  - Local

● Topological analysis        - Global



Digital Terrain Model (DTM)
Often used in geographical information systems (GISs) to model the Earth’s surface elevation and shape 

of the landscape, to support various engineering, land-use planning, and environmental applications.

Topographical analysis based on local 
surface gradients & 2nd-order 
derivatives
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Digital Terrain Model (DTM)
Often used in geographical information systems (GISs) to model the Earth’s surface elevation and shape 

of the landscape, to support various engineering, land-use planning, and environmental applications.

Topological analysis based on the 

overall shape of the surface, that can 

also be derived from gradient.
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Basic Morse theory
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� Consider a scalar field f defined over a compact domain
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Digital Terrain Model (DTM)
Often used in geographical information systems (GISs) to model the Earth’s surface elevation and shape 

of the landscape, to support various engineering, land-use planning, and environmental applications.

Key points & challenges: 

+ Accurate surface elevation
+ Accurate surface derivatives
+ Support high resolution
+ Better 😊“easy-to-understand”
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Motivation: Discrete Surface Models are Limited

● Surface elevation and gradient quality is 

directly related to the number of vertices 

(grids or meshes).

● Surface gradient and high-order derivatives 

are approximation results.

● Analysis algorithms on these models are 

relatively complex with special cases.
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Motivation: A Smooth Implicit Surface Model

● Terrain surface as a 2D scalar function.

● Implicit Neural Representation (INR) based 

on Coordinate-based Network brings analysis 

back to the continuous world.

● C-n continuous surface model.

● Surface quality depends on number of 
params.

● “Over-smoothness” of INR is not a problem!
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ImplicitTerrain: Pipeline Overview
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ImplicitTerrain: Preprocessing
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● High-resolution: 1000 x 1000 Raster data of 
digital elevation information of 1km^2 terrain

● Progressive fitting from low-freq to high-freq 
signals
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ImplicitTerrain: Surface-plus-Geometry Model Fitting
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● Progressive fitting from low-freq to high-freq 
signals

● Terrain surface analyses need pre-process the 
data (down-sample, smoothing, …)

● Cascaded surface model (3, 256, sin) and 
geometry model (3, 256, sin)
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ImplicitTerrain: Surface Model Analysis
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● Derivatives calculated via back propagation

● Topological and topographical features can be 
derived just following their definitions

○ E.g., Critical point = function 1st-order 
derivative equals zero

○ E.g., Mean curvature: 



ImplicitTerrain: Experiment Results
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ImplicitTerrain: Experiment Results
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● Accurate gradient field reconstruction



ImplicitTerrain: Experiment Results
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ImplicitTerrain: Experiment Results
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ImplicitTerrain: Experiment Results

● On par noise robustness, also 
benefiting from the smoothing 
pre-processing

● Surface gradient field is more 
robust to noise than discrete 
method -> MIG structure 
preserved
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Ablation: SPG model vs. single model

● 4x faster fitting

● Much better accuracy (67 
dBs vs. 58 dBs)

● Even faster (30x) if only 
surface model needed
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Ablation: SPG model vs. single model

● Frequency domain comparison 
illustrates the higher efficiency 
of model parameter usage
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Thank you!

ImplicitTerrain: a Continuous Surface Model for Terrain Data 
Analysis
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For more details, please visit our project website: 
https://fengyee.github.io/implicit-terrain/

Q & A
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