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 Motivation

▪ 3D relative position descriptor

▪ Example NPM3D dataset

 Histogram of forces descriptors

▪ 2D projections

 Triangular fuzzy number descriptors

▪ Single-axis methods

▪ Axis-aligned bounding boxes

 Comparison and analysis
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 How to describe the relative position of two objects?

 Specifically interested in large outdoor scenes

▪ Generated as 3D point clouds

▪ Individual object segmentations

 What types of descriptors can be used?

▪ Axis-aligned bounding boxes (TFN)

▪ Histogram of forces
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 We use the Paris-Lille-3D dataset as an example

▪ Outdoor urban scene captured with LiDAR

▪ Human labeled object instances
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 How to describe the relative position of 𝑨 → 𝑩?

 Is it similar to 𝑨′ → 𝑩′?
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Person standing near an information sign Two other signs in a similar spatial configuration

Object 𝐴 (red)

Object 𝐵 (blue)

Object 𝐴′ (red)

Object 𝐵′ (blue)



 A force histogram 𝑭𝒓
𝑨𝑩 𝜽  represents the degree of 

truth of the statement “𝑨 is in direction 𝜽 from 𝑩.”
 Variants:

▪ Constant forces (𝐹0) is independent of distance

▪ Gravitational forces (𝐹2) is independent of scale

▪ Hybrid forces (𝐹02) blends 𝐹0 and 𝐹2 and handles overlapping objects
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The HoF-RPD is comprised of 𝑭𝟎 and 𝑭𝟎𝟐 histograms 

for each principle-axis 2D projection
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𝐴, B

𝐴′, B′

Constant 

Forces

Hybrid 

Forces

𝐴 → 𝐵 : orange

𝐴′ → 𝐵′ : green

Axis projections



A measure 𝑺𝑯𝒐𝑭 𝑨,𝑩, 𝑨′, 𝑩′  evaluates the similarity between the 

relationship 𝑨 → 𝑩 and 𝑨′ → 𝑩′
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𝐴, B 𝐴′, B′
Histogram similarity

Projection aggregation

Object pair similarity

6 different HoF similarity methods

(defined here)



The TFN-RPD is based on the triangular fuzzy number 

difference vector 𝑫 along each axis
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𝐴, B

𝐴′, B′

Axis-aligned bounding boxes

with object centroids

TFN and differences for each axis

Difference TFNs



The measure 𝑺𝑻𝑭𝑵−𝑺𝑨 evaluates object pair similarity using 

single axis triangular fuzzy numbers
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Difference TFNs
Difference TFN similarity

Aggregation along each axis

6 different single-axis TFN similarity methods

(defined here)



The measure 𝑺𝑻𝑭𝑵−𝑩𝑩 evaluates object pair similarity using 

axis-aligned bounding boxes and TFNs
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Difference TFNs as bounding boxes and centroids

Difference bounding box similarity

Projection aggregation

Full 3D similarity

9 different bounding box TFN similarity methods

(defined here)



Similarity of 𝑨′ → 𝑩′ to 𝑨 → 𝑩 decreases as 𝑩′ moves down and to the right.
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Similarity of 𝑨′ → 𝑩′ to 𝑨 → 𝑩 decreases as 𝑩′ moves farther away.
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We extract 202 object pairs from the NPM3D dataset (no more than 5 meters 

apart) and evaluate all 21 similarity measures against all combinations. 
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Dataset of 202

object pairs
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Comparing the HoF-Min-T and TFN-BB-3D-PD methods on the example 

object pair 𝑨,𝑩 , 2 of the top 5 (non-self) matches were the same.
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Comparing the HoF-Min-T and TFN-BB-3D-PD methods on the example 

object pair 𝑨′, 𝑩′ , 2 of the top 5 (non-self) matches were the same.
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We compare all 21 measures by counting how often they 

identify the same set of similar object pairs.
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For a pair of methods 𝑖, 𝑗  and object pair index 𝑘,

Let 𝑀𝑖𝑘 be the set of 5 object pairs that most closely 

match object pair 𝑘 according to method 𝑖,

Let 𝑀𝑗𝑘 be the set of 5 object pairs that most closely 

match object pair 𝑘 according to method 𝑗.



 There are many ways to represent the spatial relationship 
between two 3D objects
▪ No single best method; Each has strengths and weaknesses

 HoF methods are more descriptive and good for recognizing 
shape differences between close objects
▪ Currently requires rasterization in 2D; Could explore 3D HoF

 TFN methods apply approximations to be fast and are better 
suited for far apart objects
▪ Good when description is mostly direction and distance

 Not currently accounting for rotation and scale invariance
▪ We assume a common frame of reference for both objects
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